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v

 Since the landmark description of ulcerative colitis by Dr. Samuel Wilks and Dr. Walter Moxon 
in 1859, much has been learned about the etiology, pathogenesis, and treatment of these two 
idiopathic infl ammatory bowel disorders. Ulcerative colitis occurs at any age, spares no socio-
economic class, and has the potential to signifi cantly impair patient’s quality of life. Substantial 
progress has been made in the past decade related to ulcerative colitis; however, improvements 
and expansion of the medical armamentarium used to treat patients with ulcerative colitis have 
had the greatest impact on patients’ lives. 

 This textbook entitled “Medical Therapy of Ulcerative Colitis” represents the fi rst edition. 
The authors who were assimilated to contribute to this textbook are the key opinion leaders who 
are regionally, nationally, and internationally recognized as authorities in infl ammatory bowel 
disease. These authors have made major contributions to the literature that has focused on medi-
cal therapy of infl ammatory bowel specifi cally ulcerative colitis. In this book, the authors dis-
cuss the current medical therapies and review the clinical trial data that established the foundation 
for their use. The individual chapters in this book not only review the current medical therapy 
in use for treatment of patients with Ulcerative Colitis but they also review the basic pathophysi-
ologic principles supporting the use of these and future therapeutics. The utility of mesalamine 
derivatives, conventional and novel corticosteroids, immunomodulators, AntiTNF therapy, and 
small adhesion molecules are reviewed in detail. Additionally, novel therapeutics that have 
potential impact and signifi cance to the practicing physician are highlighted. 

 I am grateful to my contributors for providing superb, detailed, critical chapters amid their 
already busy schedules. I am most appreciative and extend thanks to all my colleagues, patients, 
and those who have supported research in the fi eld, who have helped me uncover and extend 
the boundaries of my knowledge in infl ammatory bowel disease. Lastly, I am most apprecia-
tive of my wife Nancy and my children Danielle and Julie for allowing me to spend countless 
hours doing what I thoroughly enjoy: patient care, research, and education. I feel it is a privi-
lege to do what I do and I thank all for facilitating my enjoyment.  

  Philadelphia, PA, USA     Gary     R.     Lichtenstein, MD, FACP, FACG, AGAF     

  Pref ace    



     



vii

    1     The History of Medical Therapy of Ulcerative Colitis .........................................  1   
    Prashant   R.   Mudireddy,         Wojciech   Blonski,     and     Gary   R.   Lichtenstein    

     2     The Role of the Food and Drug Administration 
in Medical Therapy for Ulcerative Colitis .............................................................  15   
    Conor   Lahiff,         Alan   C.   Moss,     and     Adam   S.   Cheifetz    

     3     The Natural History of Ulcerative Colitis ..............................................................  23   
    Sunil   Samuel     and     Edward   V.   Loftus Jr.    

     4     Principles of Medical Management of Ulcerative Colitis .....................................  31   
    Hongha   T.   Vu     and     Themistocles   Dassopoulos    

     5     The Importance of Mucosal Healing in Ulcerative Colitis ...................................  45   
    Anthony   M.   Sofi a,         Sarah   R.   Goeppinger,     and     David   T.   Rubin    

     6     Oral Mesalamine ......................................................................................................  55   
    Atsushi   Sakuraba    

     7     Contrast and Comparison of Mesalamine Derivatives 
in the Treatment of Ulcerative Colitis ....................................................................  69   
    Prashant   R.   Mudireddy,         Wojciech   Blonski    , and     Gary   R.   Lichtenstein    

     8     Topical Mesalamine .................................................................................................  101   
    Sushila   Dalal     and     Russell   D.   Cohen    

     9     Oral and Parenteral Corticosteroid Therapy in Ulcerative Colitis .....................  111   
    Anita   Afzali,         Chelle   L.   Wheat,     and     Scott   D.   Lee    

    10     Rectal Glucocorticoid Use in Ulcerative Colitis ....................................................  121   
    Seymour   Katz    

    11     Antimetabolite Therapy in Ulcerative Colitis: Azathioprine, 
6-Mercaptopurine, and Methotrexate ....................................................................  135   
    María   Chaparro     and     Javier   P.   Gisbert    

    12     Azathioprine/6-Mercaptopurine Metabolism in Ulcerative Colitis: 
A Guide to Metabolite Assessment—An Evidence-Based Approach ..................  145   
    Carmen   Cuffari    

    13     Cyclosporine for Ulcerative Colitis.........................................................................  153   
    Gregory   P.   Botta,         Wojciech   Blonski,     and     Gary   R.   Lichtenstein    

    14     Tacrolimus, Sirolimus, and Mycophenolate Mofetil .............................................  167   
    Andreas   Fischer     and     Daniel   C.   Baumgart    

    15     Infl iximab for Ulcerative Colitis .............................................................................  175   
    Marc   Ferrante,         Séverine   Vermeire,         Gert Van   Assche,     and     Paul   Rutgeerts    

  Contents 



viii

    16     Beyond Infl iximab: Other Anti-TNF Therapies for Ulcerative Colitis ...............  185   
    Ming-Hsi   Wang     and     Jean-Paul   Achkar    

    17     Novel Biologics for the Treatment of Ulcerative Colitis .......................................  191   
    Farzana   Rashid     and     Gary   R.   Lichtenstein    

    18     Probiotics, Prebiotics, and Antibiotics for Ulcerative Colitis...............................  209   
    Frank   I.   Scott     and     Faten   N.   Aberra    

    19     Novel Nonbiologic Therapies for Ulcerative Colitis ..............................................  221   
    Pascal   Juillerat     and     Joshua   R.   Korzenik    

    20     Disease Modifi ers in the Management of Ulcerative Colitis ................................  237   
    Adam   M.   Berg     and     Francis   A.   Farraye    

    21     Treatment of Ulcerative Proctitis............................................................................  251   
    Robert   Burakoff     and     Jonathon   Levine    

    22     Treatment of Distal/Left-Sided Ulcerative Colitis .................................................  255   
    Jason   M.   Swoger     and     Miguel   D.   Regueiro    

    23     Treatment of Severe Ulcerative Colitis ...................................................................  267   
    Seamus   J.   Murphy     and     Asher   Kornbluth    

    24     Pregnancy and Fertility in Ulcerative Colitis ........................................................  273   
    Kim   L.   Isaacs    

    25     Pediatric Issues in Treating Ulcerative Colitis ......................................................  281   
    Lindsey     Albenberg,         Robert N.   Baldassano,     and     Judith   Kelsen    

    26     Chemoprevention in Ulcerative Colitis ..................................................................  291   
    Fernando   Velayos    

    27     Safety Considerations in the Medical Therapy of Ulcerative Colitis ..................  297   
    Caroline   Kerner,         James   D.   Lewis,     and     Mark   T.   Osterman    

    28     Management of Steroid-Dependent and Steroid-Refractory 
Ulcerative Colitis ......................................................................................................  313   
    Keely   R.   Parisian     and     Bret   A.   Lashner    

    29     Medical Therapy in the Preoperative and Postoperative Patient ........................  321   
    Caroline   Kerner    

    30     Medication Adherence in Ulcerative Colitis ..........................................................  327   
    Sunanda   V.   Kane    

    31     The Role of Telemedicine for Management of Ulcerative Colitis ........................  335   
    Sandra   M.   Quezada     and     Raymond   K.   Cross    

    32     Assessment of Disease Activity in Ulcerative Colitis .............................................  345   
    Rebecca   Palmer,         Alissa   Walsh,     and     Simon   Travis    

    33     Medical Management of Toxic Megacolon ............................................................  359   
    Subrata   Ghosh     and     Marietta   Iacucci    

    34     Management of Acute and Chronic Pouchitis .......................................................  367   
    Yue   Li     and     Bo   Shen    

    35     Medical Management of Extraintestinal Manifestations 
of Ulcerative Colitis ..................................................................................................  377   
    Randy   S.   Longman     and     Ellen   J.   Scherl    

Contents



ix

    36     Mimics of Ulcerative Colitis ....................................................................................  393   
    Xinjun   Cindy   Zhu     and     Richard   P.   MacDermott    

    37     The Role of Diet and Nutrition in Ulcerative Colitis ............................................  405   
    Anna   M.   Buchner     and     Gary   R.   Lichtenstein    

    38     Parenteral Nutrition Use in Ulcerative Colitis ......................................................  413   
    Alan   L.   Buchman    

    39     Maintenance of Remission in Ulcerative Colitis....................................................  417   
    Gerassimos   J.   Mantzaris    

    40     Management of Irritable Bowel Syndrome 
in the Patient with Ulcerative Colitis ......................................................................  431   
    Philip   M.   Ginsburg     and     Theodore   M.   Bayless    

    41     Medical Therapy of Hepatobiliary Diseases Associated 
with Ulcerative Colitis .............................................................................................  439   
    Chalermrat   Bunchorntavakul     and     K.   Rajender   Reddy    

    42     Step-Up Versus Top-Down Therapy in Ulcerative Colitis ....................................  457   
    Michelle   Vu     and     Daniel   W.   Hommes     

   Potential Confl ict of Interest Declaration ...................................................................... 469

Index ..................................................................................................................................  471    

Contents



     



xi

        Faten     N.     Aberra, M.D., M.S.C.E.        Division of Gastroenterology, Department of Medicine , 
 Hospital of the University of Pennsylvania, Perelman School of Medicine at the University of 
Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Jean-Paul     Achkar, M.D., F.A.C.G.        Department of Gastroenterology and Hepatology, 
Cleveland Clinic  ,  Cleveland ,  OH ,  USA     

      Anita     Afzali, M.D., M.P.H.        Division of Gastroenterology, Department of Internal Medicine , 
 University of Washington  ,  Seattle ,  WA ,  USA     

      Lindsey     Albenberg, D.O.        Department of Gastroenterology, Hepatology, and Nutrition , 
 Children’s Hospital of Philadelphia  ,  Philadelphia ,  PA ,  USA     

      Gert     Van     Assche, M.D., Ph.D.        Pediatrics, Division of Gastroenterology, Heptaology, and 
Nutrition ,  The Children’s Hospital of Philadelphia, University of Pennsylvania  ,  Philadelphia , 
 PA ,  USA     

      Robert     N.     Baldassano, M.D.        Pediatrics, Division of Gastroenterology, Heptaology, and 
Nutrition ,  The Children’s Hospital of Philadelphia, University of Pennsylvania  ,  Philadelphia , 
 PA ,  USA     

      Daniel     C.     Baumgart, M.D., Ph.D.        Department of Medicine, Division of Gastroenterology 
and Hepatology Charité Medical Center - Virchow Hospital ,  Medical School of the Humboldt, 
University of Berlin, Germany  ,  Berlin ,  Germany     

      Theodore     M.     Bayless, M.D.        Department of Gastroenterology ,  Johns Hopkins Medical 
Institutions  ,  Baltimore ,  MD ,  USA     

      Adam     M.     Berg, M.D.        Department of Gastroenterology ,  Boston Medical Center, Boston 
University School of Medicine  ,  Boston ,  MA ,  USA     

      Wojciech     Blonski, M.D., Ph.D.        Department of Internal Medicine ,  United Health Services, 
Wilson Memorial Center  ,  Johnson City ,  NY ,  USA     

      Gregory     P.     Botta, M.D., Ph.D.        Division of Gastroenterology ,  University of Pennsylvania 
Perelman School of Medicine  ,  Philadelphia ,  PA ,  USA     

      Alan     L.     Buchman, M.D., M.S.P.H.        Division of Gastroenterology, Feinberg School of 
Medicine ,  Northwestern University  ,  Chicago ,  IL ,  USA     

      Anna     M.     Buchner, M.D., Ph.D.        Department of Gastroenterology ,  University of Pennsylvania 
Hospital  ,  Philadelphia ,  PA ,  USA     

      Chalermrat     Bunchorntavakul, M.D.        Division of Gastroenterology and Hepatology, 
Department of Medicine ,  Hospital of the University of Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Robert     Burakoff, M.D., M.P.H.        Department of Gastroenterology ,  Brigham and Women’s 
Hospital  ,  Boston ,  MA ,  USA     

  Contributors 



xii

      María     Chaparro, M.D., Ph.D.        Gastroenterology ,  La Princesa University Hospital  ,  Madrid ,  Spain     

      Adam     S.     Cheifetz, M.D.        Division of Gastroenterology, Center for Infl ammatory Bowel 
Disease ,  Beth Israel Deaconess Medical Center  ,  Boston ,  MA ,  USA     

      Russell     D.     Cohen, M.D.        Section of Gastroenterology, Department of Medicine, Infl ammatory 
Bowel Disease Center ,  The University of Chicago Medical Center  ,  Chicago ,  IL ,  USA     

      Raymond     K.     Cross, M.D., M.S.        Department of Medicine ,  University of Maryland  ,  Baltimore , 
 MD ,  USA     

      Carmen     Cuffari, M.D.        Pediatrics ,  The Johns Hopkins University  ,  Baltimore ,  MD ,  USA     

      Sushila     Dalal, M.D.        Section of Gastroenterology, Department of Medicine ,  University of 
Chicago Medical Center  ,  Chicago ,  IL ,  USA     

      Themistocles     Dassopoulos, M.D.        Department of Medicine, Barnes Jewish Hospital , 
 Washington University  ,  St. Louis ,  MO ,  USA     

      Francis     A.     Farraye, M.D., M.Sc.        Section of Gastroenterology ,  Boston Medical Center, 
Boston University School of Medicine  ,  Boston ,  MA ,  USA     

      Marc     Ferrante, M.D., Ph.D.        Department of Gastroenterology ,  University Hospitals Leuven  , 
 Leuven ,  Belgium     

      Andreas     Fischer, M.D.        Department of Medicine, Division of Gastroenterology and 
Hepatology Charité Medical Center - Virchow Hospital, Medical School of the Humboldt , 
 University of Berlin, Germany  ,  Berlin ,  Germany     

      Subrata     Ghosh, M.D., F.R.C.P.        Department of Medicine ,  University of Calgary  ,  Calgary , 
 AB ,  Canada     

      Philip     M.     Ginsburg, M.D., F.A.C.G.        Gastroenterology Center of Connecticut ,  Yale-New 
Haven Hospital  ,  Hamden ,  CT ,  USA     

      Javier     P.     Gisbert, M.D., Ph.D.        Department of Gastroenterology ,  La Princesa University 
Hospital  ,  Madrid ,  Spain     

      Sarah     R.     Goeppinger, B.A.        Department of Medicine/Gastroenterology ,  University of 
Chicago Medicine  ,  Chicago ,  IL ,  USA     

      Daniel     W.     Hommes, M.D., Ph.D.        Division of Digestive Diseases ,  UCLA Center for 
Infl ammatory Bowel Diseases  ,  Los Angeles ,  CA ,  USA     

      Marietta     Iacucci, M.D., Ph.D.        Division of Gastroenterology, Department of Medicine , 
 University of Calgary  ,  Calgary ,  AB ,  Canada     

      Kim     L.     Isaacs, M.D., Ph.D.        Department of Gastroenterology and Hepatology ,  University of 
North Carolina at Chapel Hill  ,  Chapel Hill ,  NC ,  USA     

      Pascal     Juillerat, M.D., M.Sc.        Gastroenterology Department, Crohn’s and Colitis Center , 
 Massachusetts General Hospital  ,  Boston ,  MA ,  USA     

      Sunanda     Kane, M.D., M.S.P.H.        Division of Gastroenterology and Hepatology, Department 
of Medicine ,  Mayo Clinic  ,  Rochester ,  MN ,  USA     

      Seymour     Katz, M.D.        New York University School of Medicine  ,  Great Neck ,  NY ,  USA     

      Judith     Kelsen, M.D.        Pediatrics, Division of Gastroenterology, Heptaology, and Nutrition, 
Children’s Hospital of Philadelphia ,  University of Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Caroline     Kerner, M.D., M.S.C.E.        Division of Gastroenterology, Department of Medicine , 
 University of Pennsylvania, Pennsylvania Hospital  ,  Philadelphia ,  PA ,  USA     

      Asher     Kornbluth, M.D.        The Henry D. Janowitz Division of Gastroenterology ,  The Icahn 
School of Medicine at Mount Sinai  ,  New York ,  NY ,  USA     

Contributors



xiii

      Joshua     R.     Korzenik, M.D.        Department of Gastroenterology, BWH Crohn’s and Colitis 
Center ,  Brigham and Women’s Hospital  ,  Chestnut Hill ,  MA ,  USA     

      Conor     Lahiff, M.D.        Gastrointestinal Unit, Division of Gastroenterology ,  Beth Israel 
Deaconess Medical Center  ,  Boston ,  MA ,  USA     

      Brett     Lashner, M.D.        Gastroenterology and Hepatology ,  Cleveland Clinic  ,  Cleveland ,  OH ,  USA     

      Scott     D.     Lee, M.D.        Division of Gastroenterology, Department of Infl ammatory Bowel Disease 
Program ,  University of Washington  ,  Seattle ,  WA ,  USA     

      Jonathon     Levine, M.D.        Gastroenterology ,  Harvard Medical School  ,  Boston ,  MA ,  USA     

      James     D.     Lewis, M.D., M.S.C.E.        Department of Medicine ,  University of Pennsylvania  , 
 Philadelphia ,  PA ,  USA     

      Yue     Li, M.D.        Department of Gastroenterology, Digestive Disease Institute, Cleveland Clinic 
Foundation ,  Peking Union Medical College Hospital  ,  Beijing ,  China     

      Gary     R.     Lichtenstein, M.D., F.A.C.P., F.A.C.G., A.G.A.F.        Professor of Medicine, University 
of Pennsylvania School of Medicine ,  Director, Center for Infl ammatory Bowel Diseases 
University of Pennsylvania Health System Hospital of the University of Pennsylvania, 
Gastroenterology Division  ,  Philadelphia ,  PA ,  USA     

      Seth     Lipka, M.D.        Department of Medicine ,  Nassau University Medical Center  ,  East Meadow , 
 NY ,  USA     

      Edward     V.     Loftus     Jr., M.D.         Division of Gastroenterology and Hepatology ,  Mayo Clinic  , 
 Rochester ,  MN ,  USA     

      Randy     Longman, M.D., Ph.D.        Division of Gastroenterology and Hepatology, Department of 
Medicine ,  The Jill Roberts Center for IBD, New York Presbyterian Hospital/Weill Cornell 
Medical Center, Weill Cornell Medical College  ,  New York ,  NY ,  USA     

      Richard     P.     MacDermott, M.D., M.A.C.G., A.G.A.F.        Department of Gastro-enterology, 
Infl ammatory Bowel Diseases Center ,  Albany Medical Center  ,  Albany ,  NY ,  USA     

      Gerassimos     J.     Mantzaris, M.D., Ph.D., A.G.A.F.        Department of Gastroenterology , 
 Evangelismos Hospital  ,  Athens ,  Attica ,  Greece     

      Alan     C.     Moss, M.D.        Center for Infl ammatory Bowel Disease ,  Beth Israel Deaconess Medical 
Center  ,  Boston ,  MA ,  USA     

      Prashant     R.     Mudireddy, M.D.        Department of Gastroenterology ,  Lennox Hill Hospital  , 
 New York ,  NY ,  USA     

      Seamus     J.     Murphy, F.R.C.P., Ph.D.        Department of Medicine ,  Daisy Hill Hospital  ,  Newry , 
 Co. Down ,  N. Ireland     

      Mark     T.     Osterman, M.D., M.S.C.E.        Division of Gastroenterology, Department of Medicine, 
Pennsylvania Presbyterian Medical Center ,  University of Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Rebecca     Palmer, M.R.C.P.        Transitional Gastroenterology Unit ,  John Radcliffe Hospital  , 
 Oxford ,  UK     

      Keely     R.     Parisian, M.D.        Digestive Disease Institute ,  Cleveland Clinic Foundation  ,  Cleveland , 
 OH ,  USA     

      Sandra     M.     Quezada, M.D., M.S.        Department of Medicine ,  University of Maryland  , 
 Baltimore ,  MD ,  USA     

      Farzana     Rashid, M.D.        Department of Gastroenterology ,  The University of Pennsylvania 
School of Medicine  ,  Philadelphia ,  PA ,  USA     

Contributors



xiv

      K.     Rajender     Reddy, M.D.        Gastroenterology and Hepatitis Division, Department of Internal 
Medicine ,  Hospital of the University of Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Miguel     Reguiero, M.D.        Department of Gastroenterology, Hepatology, and Nutrition , 
 University of Pittsburgh Medical Center  ,  Pittsburgh ,  PA ,  USA     

      David     T.     Rubin, M.D.        Section of Gastroenterology, Department of Medicine ,  University of 
Chicago  ,  Chicago ,  IL ,  USA     

      Paul     Rutgeerts, M.D., Ph.D., F.R.C.P.        Department of Gastroenterology ,  University Hospitals 
Leuven  ,  Leuven ,  Belgium     

      Atsushi     Sakuraba, M.D., Ph.D.        Department of Medicine ,  University of Chicago  ,  Chicago , 
 IL ,  USA     

      Sunil     Samuel, M.B.B.S., Ph.D.        Department of Gastroenterology ,  Nottingham University 
Hospitals NHS Trust  ,  Nottingham ,  Nottinghamshire ,  UK     

      Ellen     J.     Scherl, M.D., A.G.A.F., F.A.C.G.        Division of Gastroenterology and Hepatology, 
Department of Medicine, The Jill Roberts Center for IBD ,  New York Presbyterian Hospital/
Weill Cornell Medical Center, Weill Cornell Medical College  ,  New York ,  NY ,  USA     

      Frank     I.     Scott, M.D., M.S.C.E.        Division of Gastroenterology, Department of Medicine, 
University of Pennsylvania Health System, Perelman School of Medicine ,  University of 
Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Bo     Shen, M.D.        Department of Gastroenterology ,  Cleveland Clinic Foundation  ,  Cleveland , 
 OH ,  USA     

      Anthony     M.     Sofi a, M.D.        Department of Medicine ,  University of Chicago Medicine  ,  Chicago , 
 IL ,  USA     

      Jason     M.     Swoger, M.D., M.P.H.        Department of Gastroenterology, Hepatology, and Nutrition , 
 University of Pittsburgh Medical Center  ,  Pittsburgh ,  PA ,  USA     

      Simon     Travis, D.Phil., F.R.C.P.        Translational Gastroenterology Unit ,  John Radcliffe 
Hospital  ,  Oxford ,  UK     

      Fernando     Velayos, M.D., M.P.H.        Department of Gastroenterology ,  University of California, 
San Francisco  ,  San Francisco ,  CA ,  USA     

      Séverine     Vermeire, M.D., Ph.D.        Department of Gastroenterology ,  University Hospitals 
Leuven  ,  Leuwen ,  Belgium     

      Hongha     T.     Vu, M.D.        Department of Gastroenterology, Barnes Jewish Hospital ,  Washington 
University  ,  St. Louis ,  MO ,  USA     

      Michelle     Vu, M.D.        Division of Digestive Diseases ,  University of California  ,  Los Angeles , 
 CA ,  USA     

      Susan     Hongha     T.     Vu, M.D.        Department of Gastroenterology, Barnes Jewish Hospital , 
 Washington University  ,  St. Louis ,  MO ,  USA     

      Alissa     Walsh, F.R.A.C.P.        Gastroenterology Unit ,  St. Vincent’s Hospital  ,  Sydney ,  Australia     

      Ming-Hsi     Wang, M.D., Ph.D.        Department of Gastroenterology and Hepatology ,  Cleveland 
Clinic  ,  Cleveland ,  OH ,  USA     

      Chelle     L.     Wheat, M.P.H.        Department of Infl ammatory Bowel Disease ,  University of 
Washington  ,  Seattle ,  WA ,  USA     

      Xinjun     Cindy     Zhu, M.D., M.S.        Division of Gastroenterology, Department of Medicine, 
Infl ammatory Bowel Diseases Center ,  Albany Medical Center  ,  Albany ,  NY ,  USA      

Contributors



1G.R. Lichtenstein (ed.), Medical Therapy of Ulcerative Colitis,
DOI 10.1007/978-1-4939-1677-1_1, © Springer Science+Business Media New York 2014

        Introduction 

 Ulcerative colitis is a chronic infl ammatory bowel disease of 
unknown etiology that affects the colon. There has been an 
increased knowledge in the understanding of ulcerative colitis 
in the last 100 years. But there are several examples in the 
medical literature to suggest that a diarrheal disease similar to 
ulcerative colitis had been described many centuries ago.  

    Early History 

 In ancient Chinese medicine, the Yellow Emperor’s Canon of 
Internal Medicine (722 BC) described symptoms (abdominal 
pain, diarrhea, rectal bleeding) of a disease resembling 
ulcerative colitis [ 1 ]. Many Roman physicians, including 
Hippocrates (460–377 BC), Aretaeus (80–138 AD), and 
Soranus (170 AD), reported various forms of chronic diarrhea 

associated with blood and an ulcerated bowel [ 2 ]. Epidemics 
of dysentery which occurred in colonial America and world-
wide and “bloody fl ux” described by T. Sydenham (in 1669–
1670) were defi nitely infectious in origin, but these illnesses 
may have included instances of chronic ulcerative colitis [ 1 ]. 
P. J. E. Wilson noted that Prince Charles (1745), the Young 
Pretender to the Scottish throne, suffered from ulcerative 
colitis [ 3 ]. He also suggested that Prince Charles cured him-
self by following a milk-free diet [ 3 ]. Burch et al. described 
a case of Sir William Johnson, the Mohawk Baronet, who 
might have suffered from ulcerative colitis and its extraintes-
tinal manifestations [ 4 ]. Sir William Johnson, who was origi-
nally from Ireland, fi rst started having health problems 
(upper respiratory symptoms, sleeplessness, and fatigability) 
in 1755 [ 4 ]. In 1756, he developed bloody fl ux. This contin-
ued over the next 5 years, and by 1761 he developed high 
fevers, jaundice, and abdominal pain. He tried a number of 
medications including purgatives and electuaries without 
relief. Over the next 13 years, in addition to worsening of his 
bowel symptoms, he developed edema, gum problems, 
excessive bleeding from razor cuts, sore eyes, and joint pains 
suggesting extraintestinal manifestations. He succumbed to 
his illness in 1774. Since it is highly unlikely that single con-
tinuous infection can cause these recurring and remitting 
symptoms, Burch et al. suggested that infl ammatory bowel 
disease may have been responsible for Sir William Johnson’s 
illness [ 4 ]. 

 The term ulcerative colitis was fi rst used in medical litera-
ture in mid-nineteenth century [ 5 ]. Dr. Samuel Wilkes was 
fi rst to refer the disease by its name [ 5 ]. In his testimony to a 
criminal court in the trial of Dr. Smethurst, which was pub-
lished as a letter in  The Medical Times and Gazette  in 1859, 
he used the term ulcerative colitis while describing the post-
mortem of Miss Isabella Banks. She was a young woman 
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who had died from acute diarrheal illness [ 2 ,  6 ]. He reported 
that the mucosa of the entire colon along with the terminal 
ileum was severely ulcerated end to end. He further stated 
her ulcerated bowel found on postmortem was caused by 
arsenic poisoning. This almost led to hanging of Dr. 
Smethurst (Miss Banks was his mistress), but many wrote 
letters in his support and he was granted pardon by Home 
Secretary [ 2 ,  6 ]. 

 Several years later, the Surgeon General of the Union 
Army during the American Civil War also used the term 
ulcerative colitis in his publication,  The Medical and Surgical 
History of the Rebellion, U.S.A  [ 7 ]. In this publication, he 
described the pathological specimens of over 200 cases of 
ulcerative colitis and even took microphotographs of the 
specimens, a remarkable achievement for that time. The micro-
photographs were taken with the help of an improvised micro-
scope with camera lucida and using photolithography [ 7 ]. 

 In 1862, Habershon for the fi rst time reported the pres-
ence of pseudopolyps in a patient with ulcerative colitis in 
 Diseases of Abdomen  [ 1 ,  2 ]. He wrote: “In the third stage we 
fi nd ulceration, sometimes merely as minute circular ulcers, 
but generally of a more extensive character; the ulcers are 
often oval in form, placed in the transverse axis of the intes-
tine, their edges are irregular and undermined, and their base 
is formed by the cellular or muscular coats. These ulcerations 
gradually extend and coalesce, till nearly the whole of the 
mucous surface is destroyed, except here and there promi-
nent isolated portions, which become intensely congested, 
and resemble polypoid growths” (JB Kirsner 2001 chap. 1, 
p. 16). Similar pseudopolyps of the colon were also described 
by Woodward (in 1881) of the United States in a 44-year-old 
male patient who died from prolonged bloody diarrhea [ 1 ]. 

 For the fi rst time in 1875, Wilkes and Moxon writing in 
 Lectures on Pathological Anatomy  distinguished “simple 
ulcerative colitis” from “febrile epidemic dysentery” [ 1 ,  2 ]. 
Wilkes wrote: “the term colitis is sometimes used as though 
synonymous with dysentery. Our usual language has indeed 
been too indefi nite, nay, incorrect, in speaking of all affec-
tions of the large intestine as dysenteric……there is quite as 
much reason to regard febrile epidemic dysentery as a dis-
ease distinct from simple ulcerative colitis as there is to 
regard febrile epidemic diphtheria as a disease distinct from 
croup” [ 2 , p. 44]. Sir William Allchin in 1885 described 
extensive denudation with large ulcers in the colonic mucosa 
of a young woman who died from an acute diarrhea [ 1 ,  2 ]. 
He further wrote: “it is to be regretted that the term dysentery 
is not restricted to the true tropical malady and it should not 
at once be applied in an adjective form to any diarrhea depen-
dent upon ulceration of the colon when factors for the pro-
duction of the specifi c disease are, as far as can be recognized, 
wanting” [ 2 , p. 44]. 

 By 1893, many British physicians attending the    Harveian 
Society of London meeting and physicians from other 

European countries (Germany, Italy, and France) started to 
recognize the emergence of a diarrheal illness that was 
different from epidemic bacillary dysentery prevalent at 
that time [ 1 ]. W. Hale-White, a British physician wrote: 
“The condition observed is one of intense infl ammation of 
the mucosa progressing to ulceration but the area of distribu-
tion and the degree of intensity vary from cecum to anus, 
occasionally even extending into the ileum, with complete 
destruction of the mucous membrane over large areas to 
merely a few discrete ulcers in the lower part of the bowel” 
[ 1 , p. 17]. I. Boas (Germany) in 1903, for the fi rst time, 
clinically differentiated ulcerative colitis from bacillary 
dysentery [ 1 , p. 18]. 

 Around the late nineteenth century, the surgical manage-
ment of ulcerative colitis started to emerge. In 1893, Mayo 
Robson of London performed an inguinal colostomy to allow 
irrigation of the ulcerated bowel with tincture of  Hamamelis  
and boracic acid [ 1 ]. In 1902, Weir of New York introduced 
appendicostomy to allow irrigation with methylene blue, silver 
nitrate, and bismuth [ 1 ].  

    Twentieth Century 

 The fi rst cooperative effort to correlate clinical fi ndings 
found in a number of ulcerative colitis patients was done in 
1909 in a London symposium [ 1 ]. The clinical features, 
treatments, and statistics of over 300 cases of ulcerative coli-
tis were reviewed during this symposium [ 1 ]. It was also 
noted that the mortality was very high—over 50 % of cases 
died in hospital from various complications like perforation, 
peritonitis, hemorrhage, septic infection, pulmonary embo-
lism, liver disease, and malnutrition [ 1 ]. Interestingly, the 
occurrence of ulcerative colitis among family members was 
considered a mere coincidence. Since the time of this sym-
posium, ulcerative colitis increased in popularity and 
started to be recognized as a distinct clinical entity by phy-
sicians worldwide. During this early period, physicians 
implicated bacteria as the etiologic agent of ulcerative coli-
tis [ 1 ]. Accordingly, the treatments included “slop diets,” 
Sydenham’s remedy (3 pints of milk soured by lactic acid), 
astringents, opium, tincture of  Hamamelis , and rectal instil-
lations of boracic acid, silver nitrate, “coli vaccine,” or 
creolin [ 1 ]. 

 In 1909, Hawkins reviewed 85 cases of ulcerative colitis. 
Again, the mortality rate was high in his case series [ 1 ]. 
Forty-one patients had died of various complications. He too 
suggested bacteria as the possible etiologic agent. He divided 
patients into fi ve groups—acute, chronic, dysenteric diar-
rhea, acute or chronic disease, and hemorrhagic disease [ 1 ]. 
At 1913 at the Paris Congress of Medicine, ulcerative colitis 
was one of the principal subjects, a recognition of increasing 
awareness of ulcerative colitis [ 1 ]. That same year, the fi rst 
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radiological appearance of ulcerative colitis was described 
independently by Stierlin and Kienbock [ 1 ]. 

 The fi rst American case report was published by Bassler 
of New York in 1913 [ 8 ]. Also in 1913, Brown of St. Louis, 
USA, suggested ileostomy for ulcerative colitis patients [ 9 ]. 
This was based on the principal of bowel rest, i.e., diversion of 
fecal stream away from the infl amed colon [19 m]. In 1919, 
Logan of the Mayo Clinic reported 117 cases of ulcerative 
colitis [ 10 ]. Many of the patients in his case series were 
under the age of 50 years [ 10 ]. In 1921, Yeoman of New York 
published a case series of 65 patients [ 11 ]. 

 By the 1920s and 1930s, reports of cases of ulcerative 
colitis started coming from all over the world. Ulcerative 
colitis became a well-known disease entity. In 1921, Hurst of 
London suggested that an organism related to  B. dysenteriae  
was the cause of ulcerative colitis [ 1 ]. His treatments included 
daily colonic irrigation of the colon with silver nitrate and 
injection of large amounts of polyvalent antidysenteric serum 
[ 1 ]. Strauss from Berlin (1923) in his paper on ulcerative 
colitis recommended treatment with a bland diet and blood 
transfusions [ 12 ]. In 1925, Bargen and his colleagues 
reported  diplostreptococci  from the rectal ulcerations of 
patients with ulcerative colitis [ 13 ]. They also showed that 
rabbits injected intravenously with the broth containing  dip-
lostreptococci  developed colonic lesions [ 13 ]. The following 
year, Buie reviewing 473 cases at Mayo Clinic agreed with 
Bargen’s theory [ 14 ]. But this theory lost credibility when 
Paulson and Mones failed to confi rm this [ 15 ,  16 ]. 

 During this period, the local and extraintestinal complica-
tions of ulcerative colitis were also acknowledged. Lister 
(1899) reported an association between hepatitis and ulcer-
ative colitis [ 1 ]. Wilson (1904) reported a case of ulcerative 
colitis complicated by perforation and peritonitis [ 17 ]. In 
1907, Lockhart-Mummery with the help of an electrically 
illuminated proctosigmoidoscope found carcinoma of the 
colon in 7 of 36 patients with ulcerative colitis [ 18 ]. Later in 
1928, Bargen reported 20 cases of malignant disease in 
ulcerative colitis patients—17 with adenocarcinoma, 2 with 
lymphosarcoma, and one with lymphatic leukemia [ 19 ]. 
Again in 1929, he reported a total of 268 complications in 
693 patients with ulcerative colitis [ 20 ]. The complications 
included polyposis; colonic stricture; perirectal abscess (in 
retrospect likely due to Crohn’s colitis not ulcerative coli-
tis—though Crohn’s colitis was not a recognized entity at 
this time); skin lesions; and arteritis [ 20 ]. The association 
between ulcerative colitis and chronic interstitial nephritis 
was reported by Hale-White [ 1 ]. Crohn in 1925 reported 
ocular complications in his patients with ulcerative colitis. 
He proposed that vitamin A defi ciency led to keratomalacia 
and xerophthalmia in these patients [ 21 ]. 

 In the 1930s, efforts to fi nd the etiology continued, while 
more reports of ulcerative colitis cases started to be reported. 
Hern (1931) reviewed 50 cases of ulcerative colitis and 

 suggested an infectious etiology [ 1 ]. He wrote: “the primary 
factor in ulcerative colitis acted through the blood stream 
with secondary infection of the mucosal surface by resident 
colon bacilli and streptococci … causing deep and diffuse 
involvement of the submucosa and mucous membranes” (JB 
Kirsner 2001 chap. 1, p. 22). In 1933, Hardy and Bulmer of 
England reported 95 cases of ulcerative colitis [ 1 ]. Ulcerative 
colitis was a major subject of discussion at the 1935 
International Congress of Gastroenterology in Brussels, 
Belgium [ 1 ]. Participants came from many European coun-
tries and the United States refl ecting the growing interest in 
the disease among the gastroenterologists [ 1 ]. One of the 
most important issues discussed included familial ulcerative 
colitis by Hamburger and Bensaude [ 1 ]. 

 During the 1930s to 1950s, the awareness of ulcerative 
colitis increased in the United States [ 1 ]. Reports came from 
many US centers, particularly the Mayo Clinic [ 22 ,  23 ], 
Philadelphia [ 24 ], and the University of Chicago [ 25 – 27 ]. 
Many new fi ndings were reported during this period like 
occurrence of ulcerative colitis in patients above 50 years 
[ 28 ,  29 ], complications like arterial and venous thrombosis 
[ 30 ], hepatic insuffi ciency [ 31 ], clubbed fi ngers [ 32 ], 
increased frequency of uric acid and calcium oxalate stones 
[ 33 ], iron defi ciency anemia, arthritis, dermatological disor-
der, psychogenic problems [ 34 ], acute fulminant ulcerative 
colitis [ 35 ], and pyoderma gangrenosum [ 36 ]. 

 Numerous papers highlighting the occurrence of hepatic 
disease and involvement of joints in ulcerative colitis were 
also published. In 1958, Brooke and Slaney (of England) 
suggested portal bacteremia as a factor responsible for devel-
opment of sclerosing cholangitis [ 37 ]. Bywaters and Ansell 
noticed a high incidence of sacroiliac joint involvement [ 38 ]. 
Fernandez-Herlihy described rheumatoid spondylitis, 
arthralgias, rheumatoid arthritis, and acute toxic arthritis in 
their patients [ 39 ]. McEwen-Kirsner noticed involvement of 
peripheral joints and spondylitis in their patients [ 40 ]. 

 By the late 1950s, the distribution of the disease extended 
beyond a few European countries and the United States [ 1 ]. 
Reports of the disease started coming from countries like 
Greece, Turkey, Iran, Syria, South Africa, Australia, New 
Zealand, India, and Japan [ 1 ]. In fact, at the 1958 World 
Congress of Gastroenterology Conference in Washington 
D.C., Matsunaga reported 300 cases of ulcerative colitis in 
Japan [ 41 ]. 

 During the 1950s and 1960s, colon cancer complicating 
the course of ulcerative colitis received a lot of attention. 
Dawson and Pryse-Davies (1959) as well as Goldgraber and 
Kirsner (1964) reported increased colorectal cancer risk in 
ulcerative colitis patients [ 42 ,  43 ]. Devroede noted that 
young patients with long-standing disease had a higher risk 
of cancer [ 44 ]. Another group from Mayo Clinic reported 
colorectal cancer in 98 of 1,564 patients with ulcerative 
colitis [ 45 ]. 
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 In 1963–1964, Edwards and Truelove from Oxford, 
United Kingdom, described the course and prognosis of 
ulcerative colitis [ 46 ,  47 ]. They analyzed a total of 624 
patients with ulcerative colitis. They suggested that the 
principal factors contributing to mortality were severity of 
illness, extent of the disease, and age greater than 60 years 
[ 46 ,  47 ]. They also described several local and systemic 
complications in their patients like ischiorectal abscesses, 
fi stulas, strictures, infl ammatory polyposis, acute dilatation 
of the colon, perforation, massive bleeding, colon cancer, 
pyoderma gangrenosum, erythema nodosum, ankylosing 
spondylitis, pulmonary embolism, anemia, and osteoporo-
sis [ 46 ,  47 ]. Around 14 % of their patients needed radical 
surgery and another 6 % underwent conservative surgery 
[ 46 ,  47 ]. 

 Currently, our understanding of ulcerative colitis and its 
complications has increased greatly, but the etiology still 
remains obscure.  

    History of Ulcerative Colitis in Children 

 In 1923, Helmholz of the Mayo Clinic was probably the fi rst 
person to describe clinical features of ulcerative colitis in 
children in his fi ve case series [ 48 ]. Later in 1926, Bourne of 
England in his review of ten cases of ulcerative colitis 
described one child with ulcerative colitis [ 49 ]. A Mayo 
Clinic report in 1940 contained a total of 95 children with 
ulcerative colitis [ 50 ]. And the 1955 report by Bargen and 
Kennedy had 139 cases of ulcerative colitis in children [ 51 ]. 
They concluded that ulcerative colitis in children had a simi-
lar course to adults, and it was not as rare as previously 
thought [ 51 ]. The youngest patient ever reported to have 
ulcerative colitis was a 21-day-old male infant [ 52 ]. He ulti-
mately succumbed to his disease following an operation for 
rapidly deteriorating ulcerative colitis [ 52 ]. Other prominent 
physicians who made signifi cant contribution to IBD litera-
ture in children include R. Lagercrantz, Kirsner, Hijmans 
and Enzer, Durham and Korelitz, and Davidson [ 1 ]. 

 The impact of ulcerative colitis on growth and sexual 
development of children was also recognized during those 
early years [ 1 ]. Davidson of the Bronx Memorial Hospital in 
1939 reported impaired growth and development in three 
children with ulcerative colitis [ 53 ]. A group from the 
University of Chicago (Ricketts, Benditt, and Palmer) 
reported an association between ulcerative colitis and “infan-
tilism” [ 54 ]. They attributed the impaired growth to multiple 
nutritional defi ciencies [ 54 ]. Welch et al. in 1937 tried to 
explain the nutritional defi ciencies by demonstrating sub-
stantial fecal losses of proteins and electrolytes [ 55 ]. This 
was later confi rmed by Sappington and Bockus in 1949 and 
Kirsner and Sheffner in 1950 [ 56 ,  57 ].  

    History of Ulcerative Colitis in Pregnancy 

 During the 1909 London symposium, for the fi rst time the 
impact of ulcerative on pregnancy was discussed [ 1 ]. But 
over the next 30 years, very little was done to explore this 
further [ 1 ]. In 1931, Barnes and Hayes of the United States 
reported three cases of pregnant women with ulcerative coli-
tis [ 58 ]. All three patients had a poor outcome—all three 
died either during pregnancy or in puerperium [ 58 ]. One of 
the patients had a family history of Bright’s disease (a form 
of nephritis), and the other two had chronic nephritis [ 58 ]. 
This led him to conclude that ulcerative colitis in pregnancy 
is associated with advanced renal insuffi ciency called azo-
temic colitis [ 58 ]. In 1951, Abramson of Boston reviewed 46 
pregnancies in 33 patients with ulcerative colitis [ 59 ]. He 
noticed that four out of fi ve patients who had acute exacerba-
tion of ulcerative colitis during pregnancy and three out of 
four patients who had acute exacerbation during puerperium 
died [ 59 ]. Given these high mortality rates, therapeutic abor-
tions were recommended in patients with severe ulcerative 
colitis. In 1955, MacDougall reviewed a total of 100 preg-
nancies in 64 ulcerative colitis patients [ 60 ]. He concluded 
that ulcerative colitis did not adversely affect the pregnancy 
[ 60 ]. The following year, Crohn studied a total of 150 preg-
nancies in 110 patients with ulcerative colitis and concluded 
that the onset or recurrences of ulcerative colitis were most 
frequent during the fi rst trimester of pregnancy and during 
puerperium [ 61 ]. 

 The fi rst authoritative literature on pregnancy, fertility, 
and IBD was published in 1985 by Korelitz [ 62 ]. He sug-
gested that ulcerative colitis and pregnancy were two inde-
pendent processes, and therapeutic abortion did not affect 
the course of ulcerative colitis [70 m]. His recommendation 
was that one should become pregnant during a quiescent 
period and continue the medical treatment with steroids and 
sulfasalazine in addition to increased nutritional intake [ 62 ].  

    History of Etiology of Ulcerative Colitis 

 The etiology of ulcerative colitis to date remains obscure. 
Many theories have been proposed over the years in an effort 
to explain its etiology.  

    Infectious Agents 

 By the middle of nineteenth century, ulcerative colitis was 
differentiated from infectious diarrhea by its intermittent and 
prolonged course, but it was still hard to convince many 
physicians of its noninfectious nature. In the late nineteenth 
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century and early twentieth century, bacteria were implicated 
as the possible etiology of ulcerative colitis.  Bacillary dysen-
teriae  was probably the most common agent thought to cause 
ulcerative colitis [ 1 ]. Some of the other bacterial organisms 
implicated included  Entamoeba histolytica ,  Salmonella 
typhi ,  and Shigella dysenteriae  [ 1 ]. 

 In 1921, Hurst of London proposed an organism related to 
 B. dysenteriae  as the possible cause of ulcerative colitis and 
even advocated giving patients polyvalent antidysenteric 
serum [ 1 ]. In the United States during the 1920s, focal infec-
tions such as dental abscesses were thought to be the source 
of the disease, and removal of the teeth, gall bladder, and 
appendices were encouraged [ 63 ]. Bargen in 1925 found 
 diplostreptococci  in the cultures of rectal ulcerations and 
implicated them as the etiologic agents [ 13 ]. But his theory 
soon lost credibility. In 1931, Hern wrote: “the primary fac-
tor in ulcerative colitis acted through the blood stream with 
secondary infection of the mucosal surface by the resident 
colon bacilli and streptococci……………causing deep and 
diffuse involvement of the submucosa and the mucous mem-
brane” (JB Kirsner 2001 chap. 1, p. 22). Many such theories 
have been proposed by various authors, but studies have 
failed to prove the infectious etiology of ulcerative colitis.  

    Psychogenic Factors 

 In the 1930s, psychogenic factors were implicated as the 
possible etiology of ulcerative colitis [ 1 ]. Murray and 
Sullivan noticed a chronological association between the 
onset of bowel symptoms and emotional disturbance [ 64 ,  65 ]. 
“Typical ulcerative colitis” personality was described in 
patients with ulcerative colitis and included traits such as 
immaturity, indecisiveness, overdependence, sensitivity, and 
inhibited relationships and critical emotional events [ 66 ]. 

 Almy et al. proposed that emotional stress effects in the 
colonic mucosa in patients with ulcerative colitis caused 
increased hyperemia, vascular engorgement, increased 
mucous secretions, and increased colonic motor activities 
[ 67 ]. Kern et al. using a balloon technique studied the motil-
ity of the distal colon in nonspecifi c ulcerative colitis patients 
and found a decrease or absence of phasic activity [ 68 ]. It 
correlated with severe diarrhea, and he attributed this to 
psychogenic- induced autonomic bombardment of the colon 
[ 68 ]. Later, Meyer found an increased production of lyso-
zyme, mucinase enzyme, in patients with active ulcerative 
colitis during emotional stress [ 69 ]. It was proposed that 
lysozyme destroyed the colonic mucous lining and increased 
vulnerability of the colon to invasive pathogens and other 
cytotoxic agents [ 69 ]. But this theory also lost credibility 
because it was shown in vitro that lysozyme was incapable 
of dissolving the human mucosa [ 70 ]. Since there was no 

evidence to show that ulcerative colitis patients had a different 
emotional makeup from the general population, it was 
concluded that psychogenic factors do not cause ulcerative 
colitis but contribute to the disease exacerbation, chronicity, 
and severity [ 71 ].  

    Genetic Factors 

 In 1909 at the London symposium, ulcerative colitis cases 
among family members were mentioned. But at that time, it 
was considered a mere coincidence [ 1 ]. This view was held 
by physicians until the 1950s when cases of familial IBD 
were described again. Kirsner and Palmer introduced the 
concept of “individual vulnerability” in 1954 [ 1 ]. This was 
later revised to describe genetically infl uenced individual 
disease susceptibility [ 1 ]. In 1958, Schlesinger and Platt 
noted that a family history of having ulcerative colitis was 
present in 17 % of 60 children with ulcerative colitis [ 72 ]. 
Additionally, Ashkenazi Jews were found to be at least four 
times more likely to develop ulcerative colitis than other 
ethnicities.  

    Allergy 

 In 1925, Andresen suggested that cow’s milk might be 
responsible for the development of ulcerative colitis [ 5 ]. 
Later, Truelove and his colleagues showed that some patients 
achieved remission of their disease when milk products were 
excluded from their diet, and they suffered relapse when they 
were reintroduced. They also showed that the titers of anti-
bodies to milk protein were signifi cantly higher in patients 
with colitis compared to the normal population [ 73 ,  74 ]. It 
was suggested that patients who developed colitis usually 
stopped breastfeeding in their fi rst month of life [ 75 ]. This 
theory also gained credibility when Wright and Truelove in 
their controlled trial found that milk-free diet was only mar-
ginally benefi cial to patients with ulcerative colitis [ 76 ].  

    Immune Mechanisms and Autoimmunity 

 In the 1940s, various diseases of unknown etiology were 
attributed to immune and autoimmune mechanisms [ 66 ]. 
Kirsner    and Goldgraber described a series of clinical expe-
riences occurring during 1930s and 1940s which suggested 
possible involvement of immune mechanisms as the etiol-
ogy of ulcerative colitis [ 77 ]. The examples of such events 
included abrupt onset of ulcerative colitis after food poi-
soning, association with allergy (asthma, hay fever) or 
other immune diseases (autoimmune hemolytic anemia), 
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occurrence of IBD among the family members, and response 
to steroids [ 77 ]. 

 The fi rst studies suggesting that ulcerative colitis was an 
autoimmune disease were done by Broberger and Perlmann 
[ 78 ]. In 1959, they showed the presence of hemagglutinin 
antibodies to the colonic mucosa in 20 out of 30 children with 
ulcerative colitis [ 78 ]. They further demonstrated that the leu-
kocytes from patients with ulcerative colitis had a cytotoxic 
effect on colon cells in tissue culture, and this effect was 
inhibited by pretreatment with colon antigen [ 78 ]. But the 
studies by Harrison (1965) and Wright and Truelove (1966) 
showed the presence of colon autoantibodies in only 15–20 % 
of patients with ulcerative colitis [ 79 ,  80 ]. They saw little 
correlation between the clinical course of ulcerative colitis 
and the presence of circulating antibodies [ 79 ,  80 ]. So it was 
unclear whether patients developed antibodies as a cause or 
as an effect of pathological changes occurring in the colon 
of patients with ulcerative colitis [ 5 ]. By the 1970s, study of 
immune mechanisms in ulcerative colitis patients became an 
active area of research [ 66 ].  

    History of Treatment of Ulcerative Colitis 

 The treatment of ulcerative colitis has undergone signifi cant 
changes in the last 70–80 years. This has led to decreased 
mortality and improved lifestyle of patients with ulcerative 
colitis. 

    Early Treatments 

 The early treatments included both medical and surgical 
approaches. In 1893, Mayo Robson performed inguinal 
colostomy to permit daily irrigation with tincture of 
 Hamamelis  and boracic acid solution [ 1 ]. R. F. Weir in 1902 
did an appendicostomy to irrigate the colon with a 5 % meth-
ylene blue solution and 1:5,000 silver nitrate or bismuth 
solution [ 1 ]. In the early twentieth century, when an infec-
tious etiology was thought to be the cause of ulcerative coli-
tis, the treatments included “slop diets,” “Sydenham’s 
remedy” (three pints of milk soured with lactic acid), astrin-
gents, opium, tincture of  Hamamelis  and rectal instillations 
of boracic acid, silver nitrate, “coli vaccine,” or creolin to 
control infections [ 1 ]. During this period, the preferred sur-
gery was appendicostomy, and if the appendix was previ-
ously removed, the valvulari cecostomy was done [ 1 ]. 

 In 1913, Brown of the United States suggested ileostomy 
to rest the colon [ 1 ]. This procedure gained popularity in 
1930s and 1940s [ 1 ]. Hurst in 1921, who proposed that an 
organism closely related to  B. dysenteriae  was the cause of 
ulcerative colitis, recommended colonic irrigation with silver 

nitrate and administration of polyvalent antidysenteric 
serum [ 1 ]. Other popular treatments in 1930s included 
enemas of tannin, silver nitrate, or bismuth subnitrate, the 
anti- amebic compound yatren as an anti-infl ammatory 
agent, nutritional supplements, blood transfusions, “elimi-
nation diets,” and fecal bacterial vaccines [ 1 ]. During the 
1940s and 1950s when psychogenic factors were implicated 
as a cause of ulcerative colitis, psychoanalysis was a major 
approach [ 81 ]. 

 With introduction of sulfonamides in the 1930s and adre-
nocorticotropic hormone (ACTH) in the 1940s, the treatment 
of ulcerative colitis has changed dramatically.  

    Aminosalicylates 

 Sulfasalazine was fi rst developed by Dr. Nana Svartz, a 
Swedish physician in the late 1930s, while working at 
Karolinska Institute in Stockholm [ 82 ,  83 ]. Initially the drug 
was named salicylazosulfapyridine, which was later abbrevi-
ated to salazopyrin and fi nally changed to azulfi dine or sul-
fasalazine [ 82 ,  83 ]. It contains sulfapyridine (an antibiotic) 
and 5-aminosalicylic acid (an anti-infl ammatory) linked by a 
diazo bond. Dr. Svartz initially used sulfasalazine to treat 
patients with rheumatoid arthritis, but the results were not 
encouraging. But unexpectedly when used in patients with 
ulcerative colitis, it led to signifi cant improvement in their 
diarrhea. She published the fi rst case report of use of sul-
fasalazine in an ulcerative colitis patient in 1942, followed 
by results of a large uncontrolled study in 1948 [ 82 ,  84 ]. 
In her uncontrolled study, Dr. Svartz noticed a 75–80 % 
improvement rates demonstrating its high effi cacy in ulcer-
ative colitis patients [ 84 ]. 

 Because of World War II, sulfasalazine did not reach the 
United States until early 1950s and the United Kingdom 
until late 1950s [ 85 ]. By 1960, Dr. Svartz had treated 439 
ulcerative colitis patients with sulfasalazine, and about 77 % 
of them showed improvement in their symptoms [ 85 ]. 
Similarly impressive results were reported by Morrison 
(1953) and Moertal and Bargen (1959) [ 85 ]. 

 In 1962, Baron et al. published the fi rst placebo con-
trolled trial demonstrating the effi cacy of oral sulfasalazine 
in patients with active ulcerative colitis [ 86 ]. A dose of 4 g 
per day for 3 weeks produced remission in 80 % of patients 
compared to 35 % in the placebo group [ 86 ]. In 1965, 
Mickiewicz reported the effi cacy of sulfasalazine in main-
taining remission [ 87 ]. He found that patients taking sul-
fasalazine 2 g per day for a 12-month period had a relapse 
rate of 21 % compared to 73 % in placebo group [ 87 ]. Since 
then, sulfasalazine has been used routinely in management 
of ulcerative colitis, both to treat active colitis and to main-
tain remission. 
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 Peppercorn and Goldman of the United States in 1973 
described the metabolism of sulfasalazine [ 88 ]. They sug-
gested that the colonic bacteria split the diazo bond yielding 
5-aminosalicylic acid (5-ASA) and sulfapyridine [ 88 ]. After 
this, research to identify the active moiety providing the ther-
apeutic benefi t in ulcerative colitis started. In 1977, Azad 
Khan and Truelove published their classic article in a non- 
placebo, controlled design and showed that 5-aminosalicylic 
acid (ASA) was the active therapeutic moiety of sulfasala-
zine by comparing the response to sulfasalazine, sulfapyri-
dine, and 5-ASA enemas in patients with active ulcerative 
colitis [ 89 ]. These results were confi rmed by Klotz in 1980 
[ 90 ]. He demonstrated that rectal 5-ASA suppositories were 
superior to both oral sulfapyridine and sulfasalazine [ 90 ]. 
Van Hees compared the effi cacy of suppositories of 5-ASA, 
sulfapyridine, and placebo in patients with active proctitis. 
Remission rate in those received 5-ASA was 60 % compared 
to only 27 % and 13 % in those who received placebo and 
sulfapyridine, respectively [ 91 ]. 

 In 1983, Taffet and Das studied the adverse effects of sul-
fasalazine and described the options of desensitization in 
those who are intolerant to sulfasalazine [ 92 ]. In the same 
year, Chan et al. reported on the use of two new sulfasalazine 
analogs—ipsalazide and balsalazide [ 93 ]. In 1985, Selby 
et al. published results of another new oral 5-ASA formula-
tion, olsalazine, in which two molecules of 5-ASA are con-
nected by an azo bond. The results showed an acceptable 
effi cacy of this new formulation [ 94 ]. 

 In 1988, Riley et al. observed superior effi cacy of enteric- 
coated 5-ASA over sulfasalazine in ulcerative colitis patients 
in their double-blind, double-dummy trial [ 95 ]. They also 
showed that delayed release 5-ASA was an effective treat-
ment for maintaining remission in ulcerative colitis patients 
and had fewer side effects compared to enteric-coated sul-
fasalazine [ 95 ]. In the same year, McIntyre published the 
fi rst randomized double blind of balsalazide. In recent years, 
new and high-strength formulations of 5-ASA using    Multi 
Matrix System® (MMX) have been developed. Clinical trials 
by Lichtenstein and by Kamm have demonstrated superiority 
of this new delivery system over placebo in inducing remis-
sion in ulcerative colitis patients [ 96 – 99 ]. These trials estab-
lished the effi cacy of once-daily mesalamine formulation. 
Subsequently, Lichtenstein published data that led to regula-
tory approval of another once-daily formulation Apriso for 
maintenance of remission in patients with ulcerative [ 100 ] 
colitis.  

    Systemic Corticosteroids 

 The second major breakthrough in the treatment of ulcer-
ative colitis came with introduction of adrenocorticotropic 

hormone (ACTH) in late 1940s. In 1948, Kirsner et al. fi rst 
suggested that the corticosteroids have benefi cial effect on 
the clinical course of ulcerative colitis [ 26 ]. In early 1950s, 
several uncontrolled trials of ACTH, cortisone, and hydro-
cortisone were published which supported these clinical 
observations [ 26 ,  101 – 106 ]. 

 In 1955, the fi rst placebo controlled study demonstrating 
the effectiveness of corticosteroids in ulcerative colitis 
patients was published by Truelove and Witts [ 107 ]. They 
included a total of 213 patients of which 109 received corti-
sone (100 mg per day for 6 weeks) and another 101 received 
placebo. There was a clear benefi t in the favor of cortisone, 
especially those being treated for their fi rst attack [ 107 ]. 
Again in 1959, Truelove and Witts reported that cortisone 
and intramuscular ACTH were equally effective in patients 
having their fi rst attack of ulcerative colitis and that ACTH 
was more effective than cortisone in those having recurrence. 
They also noticed that those who received ACTH had more 
frequent relapses [ 108 ]. 

 In 1960, Lennard-Jones et al. showed that oral prednisone 
(40–60 mg per day) was signifi cantly more effective than 
placebo in inducing remission in patients with ulcerative 
colitis [ 109 ]. Then in 1962, Baron et al. studied the optimal 
dose of prednisone in patients with mild-to-moderate disease 
[ 110 ]. Both 40 and 60 mg doses were effective compared to 
20 mg dose. But they also noticed more frequent side effects 
with 60 mg doses [ 110 ]. In 1978, Powell-Tuck et al. com-
pared once-daily dose of prednisolone to four times per day 
doses (same total dose) of prednisolone and at 2 weeks found 
no difference in clinical or sigmoidoscopic response and side 
effects in the two groups [ 111 ]. 

 Truelove and Jewell in 1974 conducted another landmark 
study. In an uncontrolled, prospective trial, they studied the use 
of intravenous steroids in severe ulcerative colitis attacks. A 
response rate of 60 % was reported within 5 days of IV pred-
nisolone 60 mg/day. They recommended emergent surgery for 
patients not recovering within 5 days [ 112 ]. Subsequent studies 
found that corticosteroid-naïve patients with severe ulcerative 
colitis attack responded well to intravenous corticotrophin, and 
those with prior history of steroid use showed good response to 
intravenous hydrocortisone [ 113 – 115 ]. 

 The role of steroids in maintaining remission was fi rst 
studied by Truelove and Witt in 1959. They did not see any 
reduction in relapse rate in those receiving low cortisone 
compared to those on placebo [ 108 ]. Subsequently, Lennard- 
Jones et al. found that daily oral prednisolone also did not 
decrease the relapse rate at 6 months [ 116 ]. 

 Recently, budesonide MMX gained regulatory approval 
for the treatment of patients with active ulcerative colitis 
[ 117 ]. This once-daily formulation has demonstrated fewer 
steroid-related side effects in this mild to moderately active 
patient population.   
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    Topical Corticosteroids 

    The use of topical steroids in ulcerative colitis patients was 
fi rst reported by Truelove in 1956–1957 [ 118 ,  119 ]. He found 
that around 65 % of ulcerative colitis patients with distal dis-
ease who received hydrocortisone in the form of a retention 
enema showed good symptomatic and sigmoidoscopic 
response [ 118 ,  119 ]. These observations led him to conduct 
a controlled clinical trial where patients receiving a 120 ml 
enema containing 100 mg of hydrocortisone were compared 
to those receiving placebo. At 1 week, 55 % of the patients 
receiving steroid enemas showed clinical response compared 
to only 5 % in placebo group [ 120 ]. But hydrocortisone 
enemas were used as a maintenance therapy (nightly on 
Saturdays and Sundays for 6 months), and the relapse rate 
was similar to placebo [ 120 ]. Truelove also studied the effect 
of combination therapy with oral and rectal steroids (20 mg 
of prednisolone and 100 mg hydrocortisone enema) in 
patients with active colitis [ 121 ]. All patients receiving com-
bination therapy showed good response compared to mono-
therapy with oral steroids or rectal enemas [ 121 ]. In 1958, 
Watkinson confi rmed the effect of hydrocortisone enemas in 
inducing remission in patients with less severe attacks of 
ulcerative colitis [ 122 ]. In 1960, Matts showed the effective-
ness of prednisolone-21-phosphate enemas in the treatment 
of ulcerative colitis compared to placebo [ 123 ]. He also 
found that betamethasone enemas were effective in the treat-
ment of active ulcerative colitis [ 124 ]. 

 In addition to enemas, other topical delivery systems of 
steroids have also been studied in ulcerative patients. In 
1962, Lennard-Jones et al. conducted a double-blind con-
trolled trial of prednisolone-21-phosphate suppositories in 
proctitis and demonstrated superior clinical and sigmoido-
scopic improvement compared to placebo [ 125 ]. In 1979, 
Farthing et al, showed that steroid foams instilled through 
the rectum reached the proximal sigmoid and sometimes 
even reached the descending colon by using a radionuclide 
scanning technique [ 126 ]. The following year, Ruddell et al. 
in a randomized study of 30 patients with proctosigmoiditis 
showed that hydrocortisone in foam base was as effective as 
hydrocortisone enemas and also noted that patients preferred 
the convenience of foam [ 127 ]. In 1985, Somerville showed 
that hydrocortisone enemas were as effective as predniso-
lone enemas and also found that patients tolerated foams bet-
ter than enemas [ 128 ]. 

 Due to the side effects of steroids resulting from systemic 
absorption, steroids with minimal systemic bioavailability 
were developed. One such steroid preparation was beclo-
methasone dipropionate (BDP). In 1982, Kumana et al. 
showed that BDP enemas were comparable to betametha-
sone enemas in terms of clinical response in nine patients 
with distal colitis, but only BDP did not interfere with 

hypothalamic- pituitary-adrenal axis function [ 129 ]. In 1984, 
Hamilton et al. conducted a single-blind crossover study 
comparing poorly absorbed prednisolone metasulphobenzo-
ate enemas with low-dose oral prednisone in patients with 
active distal colitis. Enemas produced a greater clinical and 
sigmoidoscopic improvement compared to the low oral dose 
[ 130 ]. In another study, McIntyre et al. (1985) compared 
prednisolone metasulphobenzoate enemas to prednisolone-
21- phosphate enemas in patients with distal colitis and found 
them to be equally effective, but prednisolone metasulpho-
benzoate had much lower systemic absorption [ 131 ]. 

 More recently, new steroids like tixocortol pivalate and 
budesonide with minimal systemic bioavailability have 
been developed [ 132 ]. In 1986 Hanauer et al. in a large 
multicenter study showed that tixocortol enemas were as 
effective as hydrocortisone in patients with left-sided ulcer-
ative colitis [ 132 ]. Budesonide is structurally similar to 
16-alpha- hydroxyprednisolone. In 1987, Danielson et al. in a 
randomized controlled study compared the effect of 
budesonide enemas to prednisolone-21-phosphate enemas in 
patients with distal colitis [ 132 ]. Both enemas were equal in 
clinical effi cacy, though budesonide produced greater sig-
moidoscopic and histological improvements [ 132 ].  

    Antibiotics 

 Antibiotics have not been shown to be effective in the treat-
ment of ulcerative colitis. In 1972, Davies conducted a double- 
blind trial comparing metronidazole suppositories (500 mg 
three times daily) to placebo in 22 patients with proctitis [ 133 ]. 
He did not fi nd any advantage of metronidazole compared to 
placebo [ 133 ]. Chapman in 1986 randomly treated 39 patients 
with severe ulcerative colitis with intravenous metronidazole 
and placebo. Patients in both groups also received intrave-
nous steroids and topical steroids [ 134 ]. Again, intravenous 
metronidazole was not superior to placebo [ 134 ]. 

 Another antibiotic that has been studied in ulcerative colitis 
patients was vancomycin. Dickinson et al. in 1985 performed 
a double-blind trial comparing vancomycin 500 mg orally to 
placebo given over 7 days [ 135 ]. But they did not fi nd any 
benefi t of using vancomycin in patients with active ulcer-
ative colitis [ 133 ]. Though antibiotics are not benefi cial in 
treatment of active colitis, they are still indicated in patients 
with infectious complications and perforation. 

    Diet Therapy 

 Various dietary treatments have been proposed in the treat-
ment of ulcerative colitis. Dickinson et al. in 1980 conducted 
a prospective controlled trial comparing intravenous hyper-
alimentation and total bowel rest versus regular diet and no 
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intravenous fl uids [ 136 ]. Prednisone was continued in both 
groups. Both groups had similar outcomes [ 136 ]. In another 
controlled trial, McIntyre et al. randomized patients with 
severe ulcerative colitis to bowel rest and total parenteral 
nutrition versus oral diet and intravenous fl uids and electro-
lytes [ 137 ]. Prednisolone was continued in both groups. 
The authors noted that 60 % of the patients on bowel rest and 
TPN needed surgery compared to 42 % of those on regular 
diet [ 137 ]. 

 A high-fi ber diet was also considered in the treatment of 
ulcerative colitis especially for maintaining remission. In a 
controlled study, Davies and Rhodes randomized patients 
in remission to either continuing sulfasalazine or stopping 
sulfasalazine and starting a high-fi ber diet [ 138 ]. A high 
relapse rate of 75 % was noticed in high-fi ber diet group 
compared to 20 % in sulfasalazine group [ 138 ]. Thus, diet 
itself only has a role as a supportive therapy.  

    Disodium Cromoglycate 

 This compound was tried as a treatment option in patients 
with ulcerative colitis based on the premise that allergy played 
a role in its pathogenesis. In 1976, Heatley et al. in their pla-
cebo controlled trial compared clinical response in those 
treated with 8 weeks of oral and rectal cromoglycate and 
those treated with placebo [ 139 ]. No statistically signifi cant 
improvement was noticed in the cromoglycate group [ 139 ]. 
In the same year, Mani et al. noticed that 6 months of treat-
ment with cromoglycate led to improvement in sigmoido-
scopic fi ndings compared to placebo, but the stool frequency 
remained unchanged [ 140 ]. Cromoglycate was found inferior 
to placebo to sulfasalazine in the treatment of active colitis by 
Langman et al. [ 141 ]. 

 Studies done to evaluate the effi cacy of cromoglycate in 
maintaining remission also did not yield positive results. 
Cromoglycate was found to be inferior to sulfasalazine and 
no better than placebo in maintaining remission by Dronfi eld 
et al. [ 142 ]. Willoughby showed that use of cromoglycate 
alone in treatment of ulcerative colitis led to higher relapse 
rates than those treated with sulfasalazine alone or combina-
tion of sulfasalazine and cromoglycate [ 143 ].  

    Immunosuppressive Drugs 

    6-Mercaptopurine and Azathioprine 
 Immunosuppressive drugs were fi rst used in ulcerative colitis 
based on the observations that immune mechanisms may play 
a role in its pathogenesis. In 1950, Hitchings and Elion initi-
ated the studies of 6-mercaptopurine (6-MP), and in 1958, 
Schwartz and his colleagues showed its ability to inhibit 
immune response to a protein antigen [ 144 ,  145 ]. 

 In 1962, Bean of Australia was fi rst to report the use of 
6-mercaptopurine in patients with ulcerative colitis [ 146 ]. 
He treated a patient with refractory ulcerative colitis with 
6-MP (initial dose of 300 mg/day, then 50 mg on alternate 
days) and noticed a dramatic response. The patient remained 
in remission for 2 years [ 146 ]. Later, Bean published a case 
series of seven patients successfully treated with 6-MP [ 147 ]. 
This heralded the era of antimetabolite therapy of ulcerative 
colitis. Following Bean’s report, several uncontrolled trials 
of 6-MP and azathioprine were published. In 1966, Bowen 
et al. of the United States reported that eight out of ten 
patients treated with azathioprine showed improvement [ 148 ]. 
One of the patients was successfully weaned off steroids for 
the fi rst time in 3 years, while another patient noticed 
improvement in his arthritis and pyoderma gangrenosum 
[ 148 ]. But signifi cant side effects were also reported by this 
group. These included leukopenia, thrombocytopenia, and 
alopecia [ 148 ]. Avery Jones et al. reported a case of death 
from sepsis after few weeks of azathioprine in a 19-year-old 
girl with ulcerative colitis [ 149 ]. 

 In 1968, Mackay et al. of Melbourne, Australia, reported 
satisfactory response in 9 of the 12 ulcerative colitis patients 
treated with azathioprine [ 150 ]. The patients also received 
ACTH and prednisolone. This led the authors to conclude 
that combination of azathioprine and steroids was superior to 
azathioprine alone [ 150 ]. Korelitz (1972) of the United 
States reported a case series of 14 patients treated with 6-MP 
and noted clinical improvement in 11 patients [ 151 ]. 

 The fi rst controlled clinical trial of azathioprine in ulcer-
ative colitis patients was published in 1972 by Jewell and 
Truelove [ 152 ]. They used azathioprine to prevent relapse. 
Eleven of 20 patients treated with azathioprine were 
symptom- free at 1 year compared to only 5 out of 20 in pla-
cebo group. But the difference in response between the two 
groups did not reach a statistical signifi cance [ 152 ]. In 1975, 
two double-blind controlled clinical trials were published 
[ 153 ,  154 ]. Rosenberg et al. of the University of Chicago, 
United States, included 30 patients in their study, and the 
main objective of the study was to see if azathioprine helped 
reduce steroid dose. They found that though the fi nal steroid 
dose was lower in azathioprine group compared to placebo, 
there was no signifi cant clinical or endoscopic improvement 
[ 153 ]. The trial by Caprilli et al. compared clinical response 
in 20 patients with acute proctocolitis treated with  azathioprine 
versus sulfasalazine. Both drugs produced signifi cant 
improvement in clinical symptoms and endoscopic fi ndings. 
So authors concluded that azathioprine was effective in the 
treatment of acute proctocolitis without concomitant use of 
steroids [ 154 ]. 

 In 1982, the controlled clinical trial by Kirk et al. showed 
that azathioprine led to statistically signifi cant steroid sparing 
and improvement in the disease activity of chronic ulcerative 
colitis [ 155 ]. Also no major side effects were described 

1 The History of Medical Therapy of Ulcerative Colitis



10

except severe nausea [ 155 ]. Authors concluded that azathio-
prine should be used in patients with chronic ulcerative coli-
tis in whom conventional treatment with steroids and 
sulfasalazine has failed and in whom surgery is inappropriate 
[ 155 ]. Lobo et al. in 1990 reported an initial remission rate of 
46 % (13/28) in ulcerative colitis patients treated with aza-
thioprine, and 11 of these 13 patients maintained remission 
at 2 years [ 156 ]. Also in 1990, Adler and Korelitz presented 
results of treatment with 6-MP in 87 steroid-refractory 
patients [ 157 ]. They noticed that steroid use was eliminated 
in 48 % of their patients with good symptom control after a 
mean treatment period of 2.5 months. The mean steroid-free 
period was 10.9 months [ 157 ]. Hawthorne et al. in 1993 
studied the effect of the azathioprine withdrawal in 67 
patients in remission [ 158 ]. Patients in whom azathioprine 
was continued were in remission for at least 2 years com-
pared to 59 % relapse rate in placebo group [ 158 ]. Currently, 
azathioprine and 6-MP are increasingly used to maintain 
long-term remission in ulcerative colitis patients.  

    Cyclosporine A 
 It is an immunosuppressive drug derived from soil fungus 
 Trichoderma polysporum  [ 159 ]. It has a rapid onset of action 
and was discovered by Borel et al. in 1976 [ 159 ]. The fi rst 
case report of successful treatment of a patient with severe 
ulcerative colitis with cyclosporine was published in 1984 by 
Gupta et al. [ 160 ]. Following this, many uncontrolled studies 
have been published showing the effi cacy of cyclosporine A 
in the treatment of patients with severe ulcerative colitis 
[ 161 – 164 ]. 

 The fi rst randomized placebo controlled trial comparing 
cyclosporine to placebo in the treatment of patients with 
severe steroid-refractory ulcerative colitis was published by 
Lichtiger et al. in 1994 [ 165 ]. The clinical response rates 
which were achieved within a mean time of 7 days was 82 % 
(9/11 patients) in those patients who received cyclosporine 
A and 0 % (0/9) in patients who received placebo [ 165 ]. 
Cyclosporine A is now one of the treatments of choice in 
patients presenting with acute severe steroid-refractory 
ulcerative colitis.  

    Biologics 
 In the 1990s, studies showed increased concentrations of 
tumor necrosis factor alpha (TNF-α) in the blood, stool, and 
colonic tissues of patients with IBD [ 166 – 168 ]. This led to 
the use of anti-TNF-α agents in the treatment of ulcerative 
colitis patients. 

 Infl iximab, a chimeric monoclonal antibody directed 
against TNF-α, was the fi rst biologic approved by FDA for 
the treatment of ulcerative colitis. It is approved for the treat-
ment of moderate-to-severe disease. Three randomized pilot 
studies evaluated the effi cacy of infl iximab in the manage-
ment of steroid-refractory ulcerative colitis [ 169 – 171 ]. 

Following these pilot studies, in 2005, the fi rst multicenter 
randomized placebo controlled trial of infl iximab for induc-
tion and maintenance of remission in patients with steroid- 
refractory ulcerative colitis was published (ACT 1 and ACT 2) 
[ 172 ]. In Acute Colitis Trial 1 (ACT 1), a total of 364 patients 
who did not respond to either steroids alone or in combina-
tion with antimetabolites were randomly assigned to pla-
cebo, infl iximab 5 mg/kg, or infl iximab 10 mg/kg [ 172 ]. 
Patients were followed for a total of 54 weeks. The clinical 
response rates at week 8 were 37.2 %, 69.4 %, and 61.5 % 
for patients receiving placebo, infl iximab 5 mg/kg, and inf-
liximab 10 mg/kg, respectively. At week 54, there was sig-
nifi cant difference in the clinical remission rates between 
infl iximab group and placebo group [ 172 ]. In ACT 2, the 
effi cacy of infl iximab was assessed in patients with moderate-
to- severe ulcerative colitis who did not respond to 5-ASA or 
steroids alone or in combination with antimetabolites 
[ 172 ]. Again, infl iximab was found superior to placebo in 
both inducing remission and maintaining remission at 
week 30 [ 172 ]. 

 Recently, the results of a fully humanized monoclonal 
antibody adalimumab have been published [ 173 ]. 
Adalimumab has gained regulatory approval for ulcerative 
colitis. Golimumab is a fully humanized monoclonal immu-
noglobulin directed against TNF-α which has been shown to 
be effective in ulcerative colitis. In 2013, golimumab gained 
approval for the treatment of ulcerative colitis. It has been 
shown to be effective for induction and maintenance of 
remission in patients with ulcerative colitis [ 174 ,  175 ]. 

 Additionally, a number of biologics targeting various 
pro- infl ammatory cytokines and chemokines involved in the 
infl ammatory cascade are being studied.    

    Conclusion 

 Ulcerative colitis or a diarrheal illness similar to it has been 
described in the medical literature many centuries ago. But our 
knowledge of ulcerative colitis has increased signifi cantly 
only in the last 50–60 years. The treatment of ulcerative coli-
tis has changed dramatically since the introduction of sul-
fasalazine and steroids. Medical therapy has improved both 
the mortality rate and quality of life and lifestyle of patients 
suffering from this disease. Currently, we are in an era of 
biologics. It remains to be seen what other new treatments 
will emerge in the next few years and if we will be able to 
achieve the cure of ulcerative colitis.     
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        Introduction and Background 

 Ulcerative colitis (UC) affects approximately 1 in 400 people 
internationally [ 1 ], with a higher prevalence in the Western 
hemisphere, although more recently incidence and preva-
lence rates have been rising in the rest of the world, particu-
larly in Asia [ 2 ]. The majority of UC patients are prescribed 
with medication for induction or maintenance of remission 
[ 3 ]. In addition to standard therapies, recent developments 
in immunology have identifi ed novel therapeutic pathways 
and biologic agents to treat infl ammatory bowel disease 
(IBD). There are currently 11 drugs and biologic agents 
(including prednisolone, sulfasalazine, balsalazide, 
budesonide MMX, infl iximab, adalimumab, golimumab, 
and different preparations of mesalamines) approved by the 
Food and Drug Administration (FDA) to treat UC 
(Table  2.1 ). At present, there are 145 registered clinical tri-
als evaluating therapeutics for managing adult UC, includ-
ing drugs, biologic agents, and clinical tools for therapeutic 

monitoring of treatment response and disease activity (  www.
clinicaltrials.gov    , accessed 6/2/2013).

   The Food and Drug Administration (FDA) has the respon-
sibility to ensure the safety and effi cacy of all prescription 
drugs used in the United States and is “responsible for 
protecting the public health by assuring the safety, effi cacy 
and security of human and veterinary drugs, biological prod-
ucts, medical devices, our nation’s food supply, cosmetics 
and products that emit radiation” [ 4 ]. In IBD, a major role for 
the FDA is the assessment of new agents as they navigate the 
drug development pipeline to approval and increasingly in 
post-marketing surveillance.  

    History of the FDA 

 The FDA has broad oversight and responsibility for all medical 
products in the United States. Its legislative basis originated 
in the Federal Food, Drug, and Cosmetic Act of 1938, which 
required that new medications be tested for safety before 
they could be marketed, and these results submitted to the 
FDA. This act developed after the sulfanilamide elixir disas-
ter of 1937, when over 100 people died from poisoning by 
diethylene glycol contained in this “medication.” The terato-
genic effects of thalidomide became known in Europe in the 
late 1950s, leading to its removal from the market in 1961. 
This resulted in the FDA garnering more power. In 1962, the 
Kefauver-Harris Amendment expanded the FDA’s responsi-
bility and required drug manufacturers to demonstrate that 
their products were both safe and effective prior to marketing. 
These amendments raised the standard of evidence signifi -
cantly for pharmaceutical companies. Due to the stricter nature 
of the laws, one-third of marketed drugs were eliminated 
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from the market for unsuccessfully demonstrating their effi -
cacy claims [ 5 ]. The Kefauver-Harris Amendment also gave 
the FDA control over advertising for prescription drugs and 
required that informed consent be obtained from patients 
participating in clinical trials. 

 The Food and Drug Administration Modernization Act of 
1997 expanded the legislation to include accelerated review 
of drugs and medical devices, as well as regulation of adver-
tising of unapproved uses (off-label) of approved drugs. 
Biologic agents, which are medical products derived from 
living sources, came under the FDA’s control in 1972 and 
later the Center for Biologics Evaluation and Research 
(CBER). In 2003, the FDA transferred the jurisdiction of 
many biologics, including monoclonal antibodies, cytokines, 
novel proteins, immune modulators, and growth factors, to 
the Center for Drug Evaluation and Research (CDER), which 
regulates the approval process for most drugs. CBER main-
tained jurisdiction over other biologics, such as vaccines, 
blood products, and gene therapy.  

    FDA Organization 

 The FDA is led by the Commissioner of Food and Drugs 
who is appointed by the President of the United States. The 
Offi ce of the Commissioner (OC) oversees all the agency’s 
workings and is responsible for implementing the FDA’s 
mission. There are seven centers within the FDA, each with 
a different product responsibility. The CDER has oversight 
for all drugs and most biologic therapeutic products. CDER 

is responsible for regulating the manufacturing, labeling, and 
advertising of drug products. Its main objective is to ensure 
that safe and effective agents are available to improve the 
health of consumers. The CDER has four functional areas:
•    New drug development and review  
•   Post-market drug surveillance  
•   Generic drug review  
•   Over-the-counter drug review    

 New drug development constitutes a major function of the 
CDER, as it takes approximately 8 years to study and test a 
new drug before it is approved for use by the public [ 6 ].  

    FDA Process of Drug Approval 

 The Code of Federal Regulations governs the supervision of 
new drug development by the FDA. The FDA requires three 
crucial stages for new drug approval: (1) an investigational 
new drug application (IND), (2) a new drug application 
(NDA), and (3) post-marketing surveillance (phase IV). 
Before any trials can take place in humans, an IND is required 
[ 7 ]. The IND is not an application for marketing approval but 
a request for an exemption from the federal statute that pro-
hibits an unapproved drug from being shipped in interstate 
commerce. Commercial INDs are applications submitted 
primarily by companies whose ultimate goal is to obtain 
marketing approval for a new product. The IND needs to 
include toxicity data from two animal models and pharmaco-
kinetics and pharmacodynamics. Genotoxicity (DNA muta-
tions) screening is performed, as well as investigations on 

      Table 2.1    Summary    of FDA-approved agents in UC, year of approval, and specifi c FDA-approved indications   

 Drug  FDA approval  FDA-approved indication in ulcerative colitis 

 Prednisolone  1972  To tide the patient over a critical period of the disease in ulcerative colitis 
 Sulfasalazine  1977  Treatment of mild to moderate UC, as adjunctive treatment in severe UC, and for the prolongation of 

the remission period between acute attacks of UC 
 Mesalamines: 

 Asacol  1992  Induction and maintenance of clinical and endoscopic remission in mild to moderately active UC 
 Pentasa  1993  Induction of clinical and endoscopic remission in mild to moderately active UC 
 Lialda (United States)/
Mezavant (Europe) 

 2007  Induction of clinical and endoscopic remission in mild to moderately active UC 

 Apriso (United States)/
Salofalk (Europe) 

 2008  Maintenance of clinical remission in UC 

 Balsalazide disodium  2000  Induction of clinical remission in mild to moderately active UC 
 Infl iximab  2005  Induction (8 weeks) and maintenance (1 year) of clinical and endoscopic remission in moderate to 

severely active UC, which is unresponsive to conventional therapy 
 Adalimumab  2012  Induction (8 weeks) and maintenance (1 year) of clinical remission in adult patients with moderate to 

severely active UC which is refractory to steroids, azathioprine, or 6-mercaptopurine 
 Budesonide MMX  2012  Treatment of active mild to moderate UC in adults. Licensed for induction of remission (8 weeks) 
 Golimumab  2013  Treatment of moderately to severely active UC in adult patients who have demonstrated corticosteroid 

dependence or who have had an inadequate response to or failed to tolerate oral aminosalicylates, oral 
corticosteroids, azathioprine, or 6-mercaptopurine. Licensed for induction of clinical remission and 
maintenance of clinical remission in induction responders 

   UC  ulcerative colitis.  FDA  Food and Drug Administration; data accessed from   http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm      
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drug absorption, metabolism, and toxicity of the drug’s 
metabolites [ 8 ]. This process can take up to 3 years, but in 
most cases, it can be completed in 18 months. With some 
agents, long-term animal studies may continue in parallel 
with human clinical trials, particularly if the drug is to be 
used for chronic or recurrent conditions. A sponsor can also 
demonstrate that a drug is safe by providing data from previ-
ous clinical testing or marketing of the drug in the United 
States or another country. The FDA encourages meetings 
with the sponsor at this stage to review plans for further test-
ing. Once the IND application has been approved, the drug 
sponsor can undertake clinical trials in humans. However, 
the vast majority of INDs are, in fact, fi led for noncom-
mercial research. This includes Investigator INDs for 
research proposals and Emergency Use INDs and Treatment 
INDs in cases where no other treatments are available for a 
condition. 

 The clinical studies process (phase I–III, described below) 
typically takes up to 10 years to complete and involves 
hundreds to thousands of patients at a cost of hundreds of 
millions of dollars. At its completion, the drug sponsor can 
submit a new drug application (NDA) to the FDA. Once the 
division director for that therapeutic area signs an approval 
action letter, the product can be legally marketed in the 
United States.  

    Preclinical Testing 

 Comprehensive preclinical testing is required but unfortu-
nately does not entirely predict safety of new agents in humans. 
Systemic allergic reactions can be diffi cult to  predict in pre-
clinical models, as occurred in studies with the anti-CD28 
monoclonal antibody TGN1412 [ 9 ]. Preclinical studies of 
immunosuppressive agents are limited to assessing myelosup-
pression or increased frequency of infections or malignancy in 
animal models. However, these methods may not detect func-
tional changes in immune function, which needs to be borne in 
mind when conducting these studies in healthy volunteers and 
obtaining informed consent at enrollment.  

    Investigational New Drug Application 

 Once the preclinical data collection is completed, the spon-
sor submits an IND application, as described above. This 
includes manufacturing information, pharmacological data, 
and toxicology results. The sponsor nominates principal 
investigators (PI) who will undertake the clinical trials if the 
IND is approved. Once the FDA receives the IND, it has 30 
days in which to notify the sponsor of concerns that may lead 
it to place a hold on the process. Otherwise, the IND is effec-
tive and clinical studies can begin.  

    Clinical Trials 

 The process of organizing and completing clinical trials is 
the most time-consuming and expensive element of the FDA 
approval procedure. Each center that intends to recruit par-
ticipants is headed by a PI. The PI is responsible for securing 
and maintaining local institutional review board (IRB) 
approval and protecting the safety and rights of participants 
throughout the course of the clinical trial. They must main-
tain adequate records and submit timely reports relating to 
study outcomes and adverse events. During the study, the 
IRB reviews reports of adverse events, as well as reports 
from the data and safety monitoring committee to decide 
whether the study may continue based on interim safety 
reports. In practice, industry-sponsored trials for new agents 
will often involve contract research organizations (CRO), 
which assist the investigator in maintaining compliance with 
the local and federal regulations regarding clinical trials.  

    Phase I Studies 

    The purpose of phase I studies is to establish the safety of a 
drug and its side effects at various doses in healthy individuals. 
This process involves obtaining data on the pharmacokinetics, 
metabolism and excretion, and toxicity by administering the 
novel agent to healthy human volunteers, starting at subclini-
cal doses. Generally, up to 100 volunteers are recruited over 
6–18 months until adequate data are available to design phase 
II studies. Occasionally phase I studies may involve those with 
advanced malignancies for whom no other therapies are avail-
able. Seventy percent of clinical IND applications advance 
from phase I to phase II studies [ 10 ]. 

    Phase II Studies 

 Phase II studies assess the safety and effi cacy of a drug in a 
well-defi ned group of patients with the relevant disease. 
The design may comprise phase IIA (open-label trials) fol-
lowed by phase IIB (randomized controlled trials) or just 
randomized controlled trials alone. 

 The primary goal of phase II studies is a proof of concept 
that the drug is safe and effective in treating a particular dis-
ease. Typically, a few hundred patients with strict eligibility 
criteria are enrolled and followed over a number of years (usu-
ally at least 2 years). However, in IBD, most phase II studies 
occur over 26–52 weeks. Further safety data is also obtained 
from these studies, as a larger number of participants are 
involved and adverse events particular to patients with the 
disease of interest may be highlighted. If the safety and effi -
cacy data are positive, the following step is a phase III study. 

2 The Role of the Food and Drug Administration in Medical Therapy for Ulcerative Colitis



18

An example of a phase II trial in UC is the pediatric UC 
(T72) trial which was an open-label (phase IIa) study of 
infl iximab use in children, after extrapolation from larger 
adult studies.  

    Phase III Studies 

 These are the pivotal, large randomized controlled trials 
whose purpose is to corroborate the fi ndings of phase II stud-
ies. Phase III studies further gauge the effi cacy, safety, and 
dosing in diseased patients and controls and typically include 
hundreds to thousands of patients. These studies often occur 
over a number of years and are designed to contain suffi cient 
statistical power to detect differences between the agent and 
placebo or standard of care. Phase III studies are the foundation 
of the sponsor’s new drug application (NDA) to the FDA. 
Two positive adequately controlled trials (usually phase III 
or phase IIb) are required to obtain FDA approval for a new 
drug. These studies form the cornerstone of the prescribing 
and package insert information. Approximately 30 % of IND 
applications submitted to the FDA complete phase III studies 
[ 10 ]. Examples of phase III trials in UC include the ULTRA1 
and ULTRA2 trials for adalimumab [ 11 ,  12 ] and ACT1 and 
ACT2 for infl iximab [ 13 ].   

    New Drug Application 

 The objective of this enormous task is the gathering of suf-
fi cient data to submit an NDA to the FDA for approval to 
market the treatment. The NDA includes a comprehensive 
evaluation of the characteristics of the drug including physi-
cal composition, manufacturing process, pharmacological 
effects, toxicology, clinical effi cacy, and case report data. 
The NDA is examined by CDER expert panels in each of the 
areas of interest and with external advisory committees 
(FDA Advisory Committees) providing further input. The key 
questions the FDA has to answer are (1) is this drug effec-
tive in treating the condition it purports to treat? and (2) do 
the results support an acceptable benefi t-to-risk ratio? 
Considerations of cost and health economic analyses are not 
a part of the FDA pre-marketing approval process. 

 The FDA’s evaluation may include inspection of the man-
ufacturing facilities and clinical trial sites to verify the details 
in the submitted application. The FDA is required to provide 
an interim evaluation within 6 months; and the average time 
to a fi nal decision is around 24 months. During this period, 
the FDA is in regular contact with the drug sponsor to ensure 
that all additional information or data required by the expert 
panel is provided. The fi nal decision of the CDER panel is 
either “approval,” “approvable with minor changes,” or “not 

approvable.” The majority of NDAs are approved, allowing 
the sponsor to begin manufacturing and distribution. Those 
considered not approvable can request an appeal hearing or 
retract the application and reapply with adjustments.  

    Post-marketing Surveillance 

 Once a drug becomes FDA approved, it is actually the fi rst 
time it is utilized and studied in patients who were not eligible 
for the original trials. This may include the elderly, children, 
women of childbearing age, and patients with signifi cant 
comorbidities. Ironically, the elderly, who constitute about 
70 % of medication recipients, only make up about 30 % of 
clinical trial participants. In fact, a recent study demonstrated 
that only 26 % of UC patients seen in everyday clinical practice 
would have qualifi ed for pivotal clinical trials for infl iximab 
based on the inclusion criteria [ 14 ]. 

 Another feature of the post-marketing phase is that the 
number of people exposed to the drug expands signifi cantly 
beyond the confi nes of clinical studies to general practice. As 
a consequence, rare side effects, adverse events in particular 
populations, and long-term complications may only become 
obvious at this juncture. For example, a greater than expected 
number of cases of tuberculosis (TB) were recognized when 
infl iximab was fi rst used to treat Crohn’s disease [ 15 ]. Since 
identifying this increased risk of TB, it is now become stan-
dard practice to screen for latent TB prior to initiating an 
anti-TNF. Other examples are the increased risk of fungal 
infections with anti-TNF and progressive multifocal leuko-
encephalopathy (PML) with natalizumab. 

 For all of these reasons, the CDER’s Offi ce of Drug 
Safety (ODS) monitors the safety profi le of a drug after it has 
been approved for use. Pharmaceutical companies are 
required to report all adverse events associated with a new 
drug. In addition, there is a voluntary system of reporting by 
health-care workers (MedWatch). The ODS is responsible 
for updating labeling, notifying the public and physicians of 
new risks, implementing risk management programs, and 
rarely withdrawing drugs from the market. 

 Phase IV studies incorporate such post-marketing surveil-
lance and can be requested by the FDA as part of the approval 
process, as in the case of infl iximab’s original license in 2005. 
The TREAT (Therapy Resource, Evaluation, and Assessment 
Tool) Registry is an example of an FDA- mandated phase IV 
trial; and in Europe, the manufacturers of infl iximab (Merck) 
are conducting a post-marketing safety registry for infl ix-
imab in collaboration with the European Medicines Agency 
(EMA). However, once a drug is approved, the FDA cannot 
enforce this requirement. 

 The post-marketing surveillance process certainly has its 
faults, including its dependence on health-care providers and 
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pharmaceutical companies informing the FDA of adverse 
events. Despite these limitations, 20 % of drugs receive black 
box warnings after FDA approval, and 4 % of FDA-approved 
drugs are later withdrawn from the market which demon-
strates the positive role of post-marketing surveillance in 
identifying rare safety signals [ 16 ,  17 ]. 

 The Prescription Drug User Fee Act (PDUFA) was 
enacted in 1997 and most recently updated and reauthorized 
in 2012. The Act provides for fi nancial support from phar-
maceutical companies to fund the assessment and approval 
process for new drugs and biologics. The deadlines imposed 
on the FDA under the Act have led to more expedient 
approval decisions. However, this process has been criticized 
by some who feel that the practice may lead to inferior safety 
monitoring [ 18 ], specifi cally with regard to the discovery of 
unanticipated post-marketing adverse effects. This area 
remains of particular relevance to IBD, with case reports of 
hepatosplenic T-cell lymphoma which appeared after 10 years 
of antitumor necrosis factor (TNF) use [ 19 ]. To offset these 
concerns, the latest revision of the Act (2012) allowed 
increased FDA monitoring of adverse events and lengthened 
the time for FDA review.  

    FDA-Approved Medicine in Ulcerative Colitis 

 Not all therapies utilized for the treatment of UC are FDA 
approved for this indication, and some (e.g., mercaptopurine, 
azathioprine) have never been subjected to randomized con-
trolled trials in UC patients. Table  2.1  lists the FDA-approved 
medications in common use for the treatment of UC along 
with their dates of approval and details of FDA labels. As the 
standard of evidence upon which the FDA bases its decision 
to license a drug for use in the United States has increased in 
more recent years and the evolution of the randomized con-
trolled trial as the gold standard tool for assessing new medi-
cines, recently licensed treatments for UC have all been 
approved on this basis. However, some of the older agents 
such as mercaptopurine and azathioprine were approved 
before this requirement became standard and, in the case of 
the former two agents, before the Kefauver-Harris Amendment 
of 1962, which stated an agent should be proven both effec-
tive  and  safe in relation to its directed use [ 20 ]. Despite this, 
there are 50 years of post-marketing surveillance data and 
multiple meta-analyses supporting the use of these agents for 
the treatment of UC. 

 Although all aminosalicylates were FDA approved after 
the Kefauver-Harris Amendments and on the basis of ran-
domized controlled trials, the actual study endpoints were 
quite variable. In fact, the various mesalamine formulations 
have been approved based on either endoscopic endpoints or 
a combination of clinical and endoscopic variables. No single 

clinical or endoscopic scoring system has been consistently 
utilized across trials. This lack of a clear gold-standard scor-
ing system and endpoints limits the physicians’ ability to 
compare the studies and their results. In fact, there are more 
than ten different scoring systems for UC, most of which 
have not been appropriately validated [ 21 ]. Due to the vari-
ability in study design, endpoints, and scoring systems, each 
drug has a distinctly worded FDA indication (Table  2.1 ). 
This has also led to a discrepancy between the FDA-approved 
indications and/or dose of these medications and what is 
truly done in clinical practice. For example, the only 
5- aminosalicylates FDA approved for maintenance of remis-
sion in UC are Asacol (Warner Chilcott), Apriso (Salix), and 
Lialda (Shire). Additionally, the duration of the maintenance 
studies is generally no more than 6 months. However, despite 
FDA labeling, in clinical practice all of the mesalamine 
products are used to induce and maintain remission in UC 
[ 22 ]. The newer UC medications, such as infl iximab and 
adalimumab, and most recently budesonide MMX and goli-
mumab, have been approved based on more extensive and 
prolonged phase III trials (Table  2.1 ) and include both clini-
cal and endoscopic endpoints in their label information.  

    Future Treatments for Ulcerative Colitis 

 The rapid pace of expanding knowledge in the fi elds of 
molecular biology and immunology has led to the recogni-
tion of many new potential therapeutic targets. Some of the 
newer drugs at the later stages of development are summa-
rized in Table  2.2 . As future pharmacological agents are 
presented to the FDA for approval in the upcoming years, 

   Table 2.2    Therapeutic agents for UC currently at advanced stages of 
development   

 Drug  Mechanism of action 
 Stage of 
development 

 Vedolizumab [ 38 ]  α4β7-integrin cell adhesion 
molecule (CAM) inhibitor 

 Phase III 

 Tofacitinib [ 39 ]  Oral janus kinase (JAK) inhibitor  Phase III 
 LMW heparin [ 40 ]  Orally administered antioxidant  Phase II 
 Etrolizumab [ 41 ]  β7-integrin (CAM) inhibitor  Phase II 
 Fecal microbiota 
transplant a  

 Fecal bacteriotherapy  Phase II 

 Propionyl 
 L -carnitine a  

 Reduces membrane lipid 
peroxidation in endothelial cells 

 Phase III 

 DIMS0150 a   Toll-like receptor 9 activator  Phase III 
 Budesonide rectal 
foam a  

 Topical steroid  Phase III 

 Tralokinumab a   Recombinant human anti-IL-13 
antibody 

 Phase II 

 Bertilimumab a   Recombinant human IgG4 antibody  Phase II 

   a Data from   www.clinicaltrials.gov    , accessed 7/11/13  
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increasing use of objective endpoints, such as mucosal 
healing, CRP and fecal calprotectin, and standardization of 
clinical endpoints and scoring systems, should be the bench-
mark upon which approval is based. Existing data suggests 
UC patients who achieve mucosal healing have better long-
term outcomes in terms of future hospitalization, escalation 
of medical therapy, and colectomy [ 23 ,  24 ]. The data also 
suggests that mucosal healing can be achieved in similar pro-
portions of patients using mesalamine [ 25 ], prednisolone 
[ 23 ], or infl iximab [ 13 ]. The lack of a single universal and 
reproducible endoscopic scoring system remains an obstacle 
to standardization of mucosal healing as a clinical trial end-
point [ 26 ]. Surrogate biomarkers for mucosal healing, such 
as fecal calprotectin, are emerging as a more cost-effective 
method for assessing outcomes and healing [ 27 ]. However, 
to date, they have yet to be suffi ciently validated to allow 
routine use in clinical trials [ 28 ]. Non-pharmacological 
applications for INDs currently at the clinical trial stage 
(  www.clinicaltrials.gov    , accessed 7/11/2013) include fecal 
transplantation, which has recently shown effi cacy in the 
treatment of  Clostridium diffi cile  infection [ 29 ,  30 ], and 
phosphatidylcholine [ 31 ].

       Generic Mesalamine and Bioequivalence 
for Biologic Agents 

 In 1984, the Congress passed the Hatch-Waxman Act (Drug 
Price Competition and Patent Term Restoration Act) to 
improve management options for physicians and patients 
and avoid replication of previously conducted studies. The 
act permits sponsors to apply for an abbreviated new drug 
application (ANDA) for generic drugs. If awarded, the com-
pany is required only to prove that the generic medication 
contains the same active ingredient and is bioequivalent to an 
FDA-approved therapy. Approval can be granted without 
having to present independent proof of effi cacy and safety of 
the anticipated generic medication. 

 However, proving that a generic medication contains the 
same active ingredient and is bioequivalent has proven to be 
a controversial area for two groups of common IBD medica-
tions: mesalamine and the biologics. Despite these concerns 
on how to demonstrate bioequivalence, ever increasing 
 pressure to decrease health-care costs has led to legislation 
for the regulation of generic biologics. The Biologics Price 
Competition Act forms part of the 2010 Patient Protection 
and Affordable Care Act and allows for a shortened approval 
pathway for bio-similars or follow-on biologics. The Act 
provides for standards for bio-similarity and interchange-
ability, and there are further provisions for market exclusivity. 
It is still not clear how the FDA will establish bio-similarity, 
though it remains of particular interest to the producers of 
the currently approved biologics [ 32 ].  

    Further Challenges in Drug 
Development in IBD 

 The drug development process is a major undertaking for 
any drug sponsor. As the regulatory and clinical research 
environment becomes more complex, challenges persist in 
providing safe, effective, and affordable therapies to patients 
with UC in a timely manner [ 4 ]. With increasing number of 
trainees opting for private practice rather than academic 
medicine, there are limited numbers of gastroenterologists in 
a position to become involved in clinical trials [ 6 ]. Those 
remaining in academic medicine and wishing to partake in 
clinical trials are faced with increasing requirements in rela-
tion to regulatory compliance, which places a signifi cant 
time burden on research staff. 

 Efforts should be made to improve and standardize the 
design of clinical trials in IBD. Study endpoints should 
include more objective markers such as mucosal healing and 
minimally invasive markers of disease activity (such as CRP 
and fecal calprotectin), together with clinical trial endpoints. 
Additionally, closer therapeutic monitoring of patients in 
post-marketing surveillance and in clinical practice is also 
needed. With this approach one could expect improvement in 
the approval process, trial data would be easier to interpret, 
and differences between specifi c agents could be more easily 
identifi ed [ 33 ]. This would facilitate a more tailored approach 
to therapy for individual patients. The FDA needs to evolve 
as clinical trial practice changes and perhaps place an onus 
on manufacturers to expedite this process of change in clini-
cal trial design. 

 The many exclusion criteria of sponsored trials have lim-
ited the numbers of eligible patients, leading to increased 
recruitment in South America and Eastern Europe for some 
recent studies [ 11 ]. This raises ethical considerations relating 
to the practice of conducting clinical trials in settings where 
other therapeutic options are limited for fi nancial or supply 
reasons. In addition, very high placebo response rates have 
been reported in some countries outside of the United States, 
and this raises questions as to the validity of the results and 
certainly whether the data from such trials can be general-
ized to apply in different patient populations [ 34 ]. 

 In an effort to confront some of the above issues, the FDA 
increasingly seeks to engage drug manufacturers at an early 
stage and has produced multiple guidance documents for 
industry. Their most recent draft guidelines focus on enrich-
ment strategies for drug and biologic development (  http://
www.fda.gov/downloads/Drugs/Guidance Compliance Regu- 
latory Information/Guidances/UCM332181.pdf    ). The FDA 
encourages increased use of strategies such as prognostic 
and predictive enrichment of study populations, including 
the use of genomic and proteomic predictors of response to a 
treatment. These strategies aim to focus enrollment of 
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patients most likely to respond to a given treatment. It can 
also decrease the placebo response. One example is the use 
of HER2/Neu as a biomarker to predict response to Herceptin. 
Identifi cation of responders in UC has to date focused on 
patients with higher clinical and endoscopic disease activity 
(Mayo) scores at enrollment [ 12 ,  13 ]. Use of CRP as an 
enrichment biomarker has been carried out in a post hoc 
fashion only [ 12 ]. It is expected that using strategies such as 
these will reduce placebo response rates in UC trials. Given 
the heterogeneity of the disease, it is likely that discovery of 
new markers of response likelihood will further streamline 
the clinical trial process for UC patients. Concerns about the 
generalizability of results derived from such subgroups can 
then be allayed by enforcing post-marketing requirements to 
perform larger studies or very strict labeling identifying the 
specifi c groups likely to benefi t from the treatment. 

 As mentioned above, the use of azathioprine in UC 
has never been subjected to the scrutiny of the FDA 
approval process. Were it to be the subject of an NDA 
today, the use of the TPMT assay would be a good exam-
ple of a means of prognostic enrichment of a UC popula-
tion, where both response to treatment and risk of 
adverse effects can be stratified by use of a validated 
assay [ 35 ]. This practice, of course, is common among 
IBD physicians and is described in clinical guidelines 
for the management of UC [ 36 ]. 

 For the FDA there are strong pressures to approve therapies 
as rapidly as possible, while comprehensively assessing for 
potential adverse effects and protecting the public. The more 
recent renewal and reauthorizations of PDUFA (2007 and 
2012) have improved the way FDA regulation responds to the 
risk and benefi ts of the drugs [ 37 ]. In 2012 the FDA approved 
39 new drugs, the largest annual total in 16 years (  http://
mobile.reuters.com/article/idUSBRE8BU0EK20121231?i
rpc=932    ). The FDA Commissioner has previously highlighted 
the failures of the organization to move and develop with suf-
fi cient speed to fully take advantage of advancements in 
related fi elds [ 5 ], but there is perhaps reason to believe that we 
may be starting to see improvements in some aspects of the 
review process. The FDA, the scientifi c and medical communi-
ties, and industry must look increasingly toward collaboration, 
innovation, and consistency in clinical trial methodology to 
achieve the goal of timely approval of safe, effi cacious, and 
cost-effective medications.  

    Conclusions 

 The Food and Drug Administration (FDA) has the responsi-
bility to ensure the safety and effi cacy of all prescription 
drugs used in the United States. In IBD, a major role for the 
FDA is the assessment of new agents as they navigate the 
drug development pipeline to approval and increasingly in 

post-marketing surveillance. The role of the FDA continues 
to expand. Many currently used UC medications have been 
rigorously studied by the FDA and have proven effi cacy and 
safety profi les in the management of this condition. Certain 
other medications, while in common use, have no random-
ized controlled data or FDA license to support their use. For 
future agents, determining a single validated set of endpoints 
for clinical trials, and in particular the universal inclusion of 
objective outcomes, would allow improved studies and direct 
comparisons of future therapies for IBD. In the coming 
years, the FDA will need to tackle issues of generic medica-
tions and follow-on biologics, in conjunction with the well- 
recognized and more established issues of timely approval, 
close safety monitoring, and keeping up with the ever 
increasingly rapid pace of scientifi c development.     
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     Studies of the natural history of a disease can shed invaluable 
information on chronic disabling diseases. Such information 
can serve as a baseline against which various treatment 
options need to be developed in order to favorably alter the 
long-term progress of the debilitating disease. For instance, 
the data obtained from natural history studies would help to 
calculate the required number of patients in a clinical trial to 
demonstrate the presumed effi cacy. Similarly, large natural 
history studies can assist in the management of patients by 
identifying subsets where disease process may be aggressive 
or more benign. Such studies can also help to identify predic-
tors of an adverse outcome associated with a chronic disease 
and thereby help to stratify patients into different groups 
early during their disease course. 

    Phenotype of Ulcerative Colitis 

    Location of Disease 

 The widespread availability of endoscopic modalities to 
manage IBD has made it possible to accurately chart the extent 
of ulcerative colitis (UC) and study changes in the extent of 

disease with time. A commonly employed classifi cation for 
UC is to stratify patients based on the extent of their colonic 
disease. The Report of a Working Party of the 2005 World 
Congress of Gastroenterology in Montreal classifi ed UC into 
ulcerative proctitis (E1) when the disease was limited to 
the rectum, left-sided UC (E2) when the disease involved the 
colorectum distal to the splenic fl exure, and extensive UC (E3) 
when the disease extended proximal to the splenic fl exure 
(also known as pancolitis) [ 1 ]. The disease extent in ulcer-
ative colitis is fairly uniformly distributed in population-
based studies. In a prospective study of 408 UC patients 
from Norway, approximately 35 % had  extensive disease 
(disease beyond splenic fl exure) at the time of inclusion, and 
similar numbers had left-sided disease and proctitis (34 % 
and 32 %, respectively) [ 2 ]. UC is characterized by chronic 
infl ammation restricted to the colonic mucosa and tradition-
ally involves contiguous areas of the colon without skip 
lesions with rectal involvement in most instances [ 3 ,  4 ]. 
However, rectal sparing and patchy colonic infl ammation in 
patients with established diagnosis of UC are not uncommon 
during the disease course, especially following therapy 
[ 5 – 7 ]. In a study of 32 UC patients, Kim et al. found 38 % to 
have patchiness in their colon infl ammation and 44 % to have 
rectal sparing based on endoscopic and histological evidence 
during their disease course; these changes were not related to 
any particular form of UC therapy [ 5 ]. A more recent study 
evaluated the prevalence rates and degree of endoscopic and 
histological patchiness of infl ammation and rectal sparing in 
a series of 56 UC patients who required colectomy for non-
neoplastic reasons [ 8 ]. Rectal sparing and disease patchiness 
were demonstrated endoscopically in 32.1 % and 30.4 % and 
histologically in 30.4 % and 25 %, respectively; on evaluation 
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of these patients’ colectomy specimens, none had complete 
absence of rectal involvement, while only 10.7 % had dis-
ease patchiness in the colon [ 8 ]. It is possible that rectal spar-
ing in adults is probably much more infrequent than 
previously thought, especially at disease diagnosis. However, 
in contrast, rectal sparing and disease patchiness may be 
more common in children; for example, a study by Glickman 
and colleagues reported a prevalence of 30 % for rectal spar-
ing and 21 % for patchy disease among 73 pediatric patients, 
compared to 3 % with rectal sparing and none with patchy 
disease among 38 adults with new-onset UC [ 9 ]. Some 
patients with proven distal UC have simultaneous infl amma-
tion in the right colon or the periappendiceal region (cecal 
patch). These fi ndings, though infrequent, do not appear to 
have adverse prognostic implications in relation to disease 
activity or progression [ 10 ,  11 ]. It is generally accepted that 
UC does not affect the small bowel, but some patients with 
pancolonic UC can have mucosal infl ammation affecting the 
small bowel proximal to the ileocecal valve termed as “back-
wash ileitis” [ 12 ,  13 ]. The prevalence of this phenomenon is 
reported to occur in 10–20 % of patients with pancolitis 
[ 14 ,  15 ]. The ileal changes of backwash ileitis typically man-
ifest as granularity and erythema [ 16 ] and differ from Crohn’s 
disease of the TI by the distinctive lack of deep ulcerations, 
strictures, or fi stula. In those UC patients with associated pri-
mary sclerosing cholangitis (PSC), backwash ileitis has been 
reported to be more common, with a reported prevalence of 
up to 51 % [ 16 ].  

    Clinical Activity and Disease Course 

 The disease course in UC is usually expressed in terms of 
disease activity, relapses and remissions, and progression 
and regression of infl ammation. A landmark study of 1,161 
UC patients from Copenhagen County, Denmark, showed a 
fairly constant distribution of disease activity during each 
year of follow-up, with 40–50 % being in remission within a 

few years after diagnosis and the proportion of patients with 
disease activity gradually decreasing with time to 30 % [ 17 ]. 
However, it is important to note that these were not necessar-
ily the same patients remaining in remission or with disease 
activity from year to year and patients move back and 
forth between disease states (Fig.  3.1 ). In the same study, 
600 patients had at least 7 full calendar years of follow-up. 
In years 3–7 after diagnosis, 25 % were in prolonged remis-
sion, while 18 % had active disease every year; the remain-
ing 57 % had intermittent disease activity (Fig.  3.1 ). Thus, 
for most patients, UC is a condition characterized by relapses 
interspersed with periods of remission.

   The fl are-ups of UC are usually unpredictable, but the 
disease course in the previous year maybe predictive of the 
disease behavior in subsequent years [ 17 ]. In a study of 781 
Norwegian patients with UC, an inverse relationship was 
found between the time to the fi rst relapse and the total num-
ber of relapses over a 10-year period [ 18 ]. For example, the 
patients who experienced a relapse in the fi rst year after diag-
nosis had far greater number of relapses compared to those 
patients who did not. In the IBD Southeastern Norway 
(IBSEN) cohort, the 10-year cumulative relapse rate was 
83 %, and patients older than 50 years had a signifi cantly 
reduced risk of relapse compared to those younger than 30 
years [ 19 ]. The severity of relapses can be variable, with some 
patients experiencing minimal symptoms while others rap-
idly progressing to life-threatening fulminant colitis needing 
emergency colectomy. In a hospital-based study of 115 
patients with steroid-refractory acute severe UC (Mayo score 
[ 20 ] ≥10), the colectomy rate approached 60 % by week 54 
despite immunosuppressive treatment [ 21 ]. This fulminant 
presentation is particularly seen in young children with UC 
where there is a lack of response to standard medical 
treatment [ 22 ]. 

 Ulcerative colitis has both the potential to spread to involve 
previously non-infl amed bowel segments (progression) 
and also to decrease in the disease extent (regression) with 
time. Such a change in the disease extent has prognostic 

  Fig. 3.1    Graphical representation 
of the disease activity in 600 UC 
patients in years 3–7 after 
diagnosis. 57 % had intermittent 
activity of which 28 % had a 
relapse in ≥3 years and 29 % had 
relapses <3 years.  D  diagnosis. 
Reprinted with permission from 
Langholz et al. [ 17 ]       
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implications, since complications such as toxic megacolon 
and colonic hemorrhage and events such as colectomy are 
more common in patients with pancolitis at diagnosis when 
compared to proctitis and left-sided colitis [ 23 ,  24 ]. Langholz 
et al. reported a cumulative probability of disease  progression 
in 515 patients with proctosigmoiditis (based on rigid sig-
moidoscopy and barium enema) of 53 % at 25 years after 
diagnosis; in the same study, the cumulative probability of 
disease regression after 25 years in the 207 patients with pan-
colitis was approximately 76 % [ 25 ]. In a prospective study 
of 399 Norwegian UC patients where colonoscopy was used 
to evaluate the extent of infl ammation, there was progression 
of infl ammation in 14 % of cases, no change in 34 %, and 
regression in 22 % after 14 months of median follow-up [ 2 ]. 
A similar rate of disease progression was also reported in the 
IBSEN cohort (17 % had disease progression) [ 26 ].   

    Outcome Measures in Ulcerative Colitis 

    Corticosteroid Usage 

 Truelove and Witts fi rst described the use of oral corticoste-
roids in the treatment of ulcerative colitis in 1955 [ 27 ] and 
again demonstrated a similar effi cacy with intravenous ste-
roids for the treatment of acute severe colitis [ 28 ]. The natural 
history of patients with UC who require corticosteroids is 
largely unknown with very few population-based studies. 
Generally active UC patients requiring steroids show three 
different patterns of response—one group will have good 
results achieving steroid-free prolonged remission, a second 
group will have initial response but lose benefi t as treatment is 
tapered or stopped, and a third group who will have no 
response to steroids. In Olmsted County, Minnesota, among 
an inception cohort of 183 UC patients from the prebiologic 
era, 63 (34 %) received corticosteroid therapy—54 % achieved 
complete remission, 30 % had partial remission, and 16 % had 
no response at all after 30 days [ 29 ]. Approximately 1 year 
after corticosteroid initiation, 49 % had noted prolonged 
response, 22 % were steroid dependent, and 29 % had under-
gone colectomy [ 29 ]. Similar response rates were noted in a 
hospital-based cohort study of 136 UC patients from 
Edinburgh, United Kingdom—51, 31, and 18 % had com-
plete, partial, or no response to steroid therapy at 30 days, 
respectively [ 30 ]. A recent Italian study reported early (3 
months) and late outcomes (5 years) in 157 patients with 
UC who required their fi rst systemic steroid therapy within 
12 months of diagnosis [ 31 ]. Female gender was the only 
predictor of a better clinical outcome at 3 months, and a 
complete clinical and endoscopic remission at 3 months after 
corticosteroid therapy signifi cantly predicted the decreased 
risk of hospitalizations, immunosuppressive usage, and 
colectomy at 5 years [ 31 ]. It may be relevant therefore to 

routinely assess the disease response endoscopically after 
3 months of corticosteroid therapy in order to risk stratify 
patients and to plan for early introduction of immunosup-
pressive treatments in those who fail to achieve endoscopic 
remission. Antitumor necrosis factor (TNF) agents like inf-
liximab are effective in inducing and maintaining remission 
in patients with moderately to severely active UC, but the 
steroid-sparing effects of these biological drugs will need 
additional prospective studies.  

    Hospitalizations 

 The natural course of ulcerative colitis is that of exacerbation 
interspersed with periods of remission. Hospitalization 
therefore accounts for a large part of the costs involved in the 
care of ulcerative colitis [ 32 ,  33 ]. Recent data from the 
Nationwide Inpatient Sample suggests that medical hospital-
izations for UC in the United States have increased from 
56,911 in 1998 to 86,611 in 2007 [ 34 ]. In a recent study, 
patients with UC who required hospitalization for medical 
reasons were fi ve times more likely to require colectomy, 
even after adjusting for other factors [ 35 ]. Another important 
factor that may predict hospitalization is the early endo-
scopic response to corticosteroids. Patients who failed to 
achieve clinical and endoscopic remission at 3 months after 
corticosteroid treatment were more likely to undergo hospi-
talization within 5 years of follow-up (hazard ratio, 3.634; 
95 % CI, 2.193–51.039;  P  = 0.0033) [ 31 ]. Among Olmsted 
County residents diagnosed with UC between 1970 and 
1999, corticosteroids were given during 53 % of UC-related 
hospitalizations, and 33 % of these patients required more 
than one hospitalization for inpatient steroids [ 36 ]. However, 
there has been considerable variability in hospitalization 
rates across North America. In a population-based study 
from Canada, approximately one-fi fth of UC patients had 
more than one hospital stay every year during the period 
between 1994 and 2001 [ 37 ]. Overall the hospitalization 
rate for UC was stable at 12.6–13.3 per 100,000 population 
during the 7-year study period [ 37 ]. Approximately 55 % of 
UC-related hospitalizations involved major surgery, of which 
the commonest was incision, excision, and anastomosis of 
the intestine [ 37 ]. A multilevel study conducted among 3.2 
million members of Kaiser Permanente (Northern California) 
found that hospitalization rates for UC declined by 29 % 
between 1998 and 2005 [ 38 ]. In the Olmsted County 
population- based study, 270 UC patients were followed up 
for 3,458 person-years and 114 (42 %) were hospitalized at 
least once during the median follow-up of 12.3 years—33 % 
of all these hospital admissions were surgical [ 36 ]. Crude 
hospitalization rates (per 1,000 patient-years) decreased 
from 124 for 1970–1980 to 71 for 1990–2001. The 10-year 
cumulative risk of hospitalization was 49 % in those with 
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extensive colitis compared to 33 % and 29 % for left-sided 
disease and proctitis, respectively (Fig.  3.2 ). Hospitalization 
data in UC could therefore provide vital information on the 
cohort of patients that might have an aggressive clinical 
course and appropriate treatment could be initiated from the 
outset in these cases.

       Colorectal Cancer (CRC) in Ulcerative Colitis 

 The cancer risk in UC was recognized as early as the 1920s 
[ 39 ,  40 ]. Although the true risk of CRC in UC in the modern 
era remains uncertain, it is probably far lower than previ-
ously estimated. The risks reported in studies from tertiary 
referral centers, which often include patients with dispropor-
tionately severe disease, generally overestimate the cancer 
risk [ 41 – 43 ]. For example, in a 1971 study of 396 children, 
the risk of colon cancer was 20 % for every decade of life 
beginning 10 years after the disease diagnosis [ 43 ]. A meta- 
analysis of 116 studies from a wide array centers and geo-
graphic sites estimated the cumulative risk of CRC in UC to 
be 1.6 % at 10 years, 8.3 % at 20 years, and 18.4 % at 30 
years [ 44 ]. The cumulative increase in CRC risk with time 
detected in this meta-analysis is probably explained by the 
inclusion of variety of studies with different designs includ-
ing referral center studies. Population-based studies from 
Sweden [ 45 ,  46 ] and Israel [ 47 ] have shown increased rela-
tive risks of CRC in UC ranging from 1.4 to 6. However, 
some of these studies have been based on patients diagnosed 
as far back as the 1920s. Conversely, several recent 
population- based cohort studies have reported no signifi cant 
increased risk of CRC when compared to the background 
population [ 48 – 51 ]. For example, in a population-based 
study from Copenhagen County, 1,160 UC patients were 
observed for a total of 22,290 person-years with a median 
follow-up period of 19 years (range, 1–36 years) and were 
found to have no increased risk of CRC [ 48 ]. A total of 13 
patients developed CRC within the study period compared to 

the expected number of 12.42 (standardized morbidity ratio, 
1.05; 95 % CI, 0.56–1.79) [ 48 ]. The cumulative probability 
of CRC was 0.4 % by 10 years, 1.1 % by 20 years, and 2.1 % 
by 30 years of disease [ 48 ]. Similarly, in Olmsted County, 
Minnesota, 378 UC patients with 5,567 person-years of fol-
low- up for the study period 1940–2001 had a cumulative 
incidence of CRC of 0.4 % at 15 years and 2.0 % at 25 years 
after UC diagnosis [ 49 ]. The number of colon cancers was 
not increased in the study patients when compared to back-
ground population [ 49 ]. In this same study, none of the 
patients in Olmsted County who were diagnosed with UC 
after 1980 had developed CRC [ 49 ]. A slightly higher risk of 
CRC was found in a population study from Hungary—the 
cumulative risk of CRC was 0.6 % after 10 years, 5.4 % after 
20 years, and 7.5 % after 30 years [ 52 ]. The presence of 
dysplasia on any colonic biopsy (before CRC diagnosis), 
disease duration of over 10 years, extensive colitis, and coex-
isting PSC all signifi cantly increased the risk of colon cancer 
[ 52 ]. It is obvious that the incidence of CRC in UC is decreas-
ing over time. Whether this is due to the potentially chemo-
protective effect of widespread maintenance therapies 
including aminosalicylates [ 53 ], more aggressive endoscopic 
surveillance regimens, or more aggressive surgical interven-
tion strategies remains unclear.  

    Colectomy 

 Many patients with UC will need surgery during the course 
of their disease. Early population-based studies from Europe 
reported 10-year cumulative colectomy rates of over 20 % 
[ 23 ,  24 ,  50 ]. In a large inception cohort of 1,586 patients 
with UC from Stockholm County, the cumulative colectomy 
rate was 20 % at 5 years, 28 % at 10 years, and 45 % at 25 
years [ 24 ]. Ten percent of all patients had a colectomy during 
the fi rst year after diagnosis, while the rates of colectomy 
decreased in the subsequent years [ 24 ]. The extent of disease 
at diagnosis was the main factor affecting the colectomy 
rates; the 5-year, 10-year, and 25-year colectomy rates for 
patients with pancolitis were 32 %, 42 %, and 65 %, respec-
tively [ 24 ]. A similar study from Copenhagen County 
reported a 25-year colectomy rate of 32.4 %, and the disease 
extent at diagnosis was predictive of subsequent colectomy, 
with extensive colitis increasing the risk of surgery substan-
tially [ 50 ]. 

 In Olmsted County, 316 incident cases of UC were fol-
lowed up for 3,698 person-years. Overall, 53 patients (17 %) 
underwent surgery for UC and of these, 70 % underwent 
more than one surgical procedure [ 54 ]. The cumulative risk 
of colectomy from diagnosis was 16.6 % at 10 years and 
19.6 % at 20 years (Fig.  3.3 ) [ 54 ]. Male gender and early 
need (<90 days) for steroids were signifi cantly associated with 
time to colectomy. The most common surgeries undertaken 

  Fig. 3.2    Overall cumulative incidence of fi rst ulcerative colitis-related 
hospitalization among an Olmsted County population-based cohort, 
Minnesota, 1970–2001. Adapted from Ingle et al. [ 34 ]       
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for UC in Olmsted County were total proctocolectomy with 
ileal pouch-anal anastomosis (TPC-IPAA) (62 %) and TPC 
with ileostomy (30 %) [ 54 ]. The 10-year cumulative risk of 
subsequent unplanned surgery was 44.1 % overall, but the 
risk varied depending on the primary surgery undertaken. 
Patients who underwent TPC-IPAA were almost twice more 
likely to have unplanned follow-up surgeries when compared 
to TPC-ileostomy [ 54 ]. More recent estimates of 10-year 
colectomy rates in UC from European population cohorts 
have been lower than previously reported [ 19 ,  55 ,  56 ]. 
Patients in the European Collaborative Study Group of 
Infl ammatory Bowel Disease (EC-IBD) were recruited dur-
ing a 2-year period between October 1, 1991 and September 
30, 1993 from 20 treatment centers and distributed over 12 
European countries [ 55 ]. The overall cumulative 10-year 
colectomy rate was 8.7 %; in the northern centers (Denmark, 
Norway, and Netherlands), the colectomy rates were signifi -
cantly higher, 10.4 %, compared to 3.9 % in the southern 
centers of Europe (Greece, Israel, Italy, and Spain) [ 55 ]. This 
geographic difference in colectomy rates could indicate that 
patients in the northern centers have more severe disease 
compared to the southern centers (36.3 % of patients in the 
northern centers had extension of their colitis at follow-up 
compared to 28.7 % in the southern centers,  P  < 0.05). 
Among the IBSEN cohort, 423 patients completed 10-year 
follow-up, and the crude colectomy rate was 3.5 %, 7.6 %, 
and 9.8 % at 1, 5, and 10 years, respectively [ 19 ]. An ESR 
≥30 mm and extensive colitis at diagnosis were the only 
independent risk factors for colectomy [ 19 ].

   Recent data has suggested that patients who are treated 
with purine antimetabolites had decreased elective colec-
tomy rates. In contrast, emergent colectomy rates were sta-
ble, which was hypothesized to have been due to rapid 
progression of disease activity [ 57 ]. 

 Superimposed infections remain a risk factor for hospi-
talizations and colectomy in patients with UC. A recent 
study from the Cleveland Clinic illustrated that patients with 
 C. diffi cile  infection had signifi cantly more UC-related 

emergency room visits in the year following initial infection 
(37.8 % vs. 4 %) in addition to signifi cantly higher rates of 
colectomy 1 year following the initial infection associated 
admission (35.6 % vs. 9.9 %) compared to those patients 
who did not have infection [ 58 ]. Another report from Mount 
Sinai Hospital in New York highlighted that the rate of 
UC-related hospitalizations (58 visits vs. 27 visits,  P  = 0.001) 
and colectomy rates (44.6 % vs. 25 %,  P  = 0.04) 1 year after 
initial hospitalization were higher in patients who were 
affl icted with C. diffi cile [ 59 ] infection than those without 
infection.  

    Mortality 

 Population-based studies on the long-term survival of 
patients with UC have shown some confl icting data, with 
older studies reporting a reduced overall survival [ 60 ,  61 ], 
while newer ones showing either an equivalent or even an 
improved survival [ 62 – 65 ]. In addition, two large Swedish 
population-based studies comprised of patients with UC 
between the 1950s and 1980s reported a slightly increased 
mortality [ 66 ,  67 ]. In the largest population-based study by 
Ekbom et al. from Uppsala, Sweden, the standardized 
 mortality ratio (SMR) for UC patients was 1.4 (95 % CI, 
1.2–1.5), while the presence of coexisting respiratory dis-
eases like bronchitis, asthma, and emphysema further 
increased their mortality risk (SMR, 1.5; 95 % CI, 1.1–2.2) 
[ 67 ]. Similar fi ndings were noted by Persson et al. reporting 
on a cohort of UC patients between 1955 and 1984 from 
Stockholm, Sweden [ 66 ]. However, more recent studies from 
North America and Europe have shown that the overall mor-
tality from UC is not greater than that of the general popula-
tion. This may be due to favorable disease pattern or to 
improvements in the treatment of UC in the recent decades. 
For example, in Olmsted County, an inception cohort of 378 
UC patients had decreased mortality when compared to the 
general population (SMR, 0.80; 95 % CI, 0.6–1.0) [ 62 ]. 
When stratifi ed by calendar year at diagnosis, survival 
appeared to improve over time—SMR was 0.80 for patients 
diagnosed between 1940 and 1959 which improved to 0.50 
for the period between 1990 and 2001 [ 62 ]. Similarly, an 
EC-IBD study comprised of UC patients reported an overall 
mortality risk no higher than the general population (SMR 
1.09) [ 68 ]. There was, however, a trend toward higher mor-
tality for northern European centers (SMR 1.19) compared 
to the southern centers (SMR 0.82) [ 68 ]. In a meta-analysis 
of all population-based inception cohort studies in UC, the 
overall SMR was 1.1 (95 % CI, 0.9–1.2;  P  = 0.42) [ 69 ]. 
Although the overall mortality in UC did not differ from 
the background population, certain subgroups were at greater 
risk of dying. Mortality was signifi cantly increased in 
patients during the fi rst few years after diagnosis, in those 

  Fig. 3.3    Overall cumulative incidence of colectomy among a 
population- based cohort of ulcerative colitis patients from Olmsted 
County, Minnesota, 1970–2001. Adapted from Ingle et al. [ 51 ]       
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with extensive disease and patients from Scandinavian 
countries [ 69 ]. The pooled SMR for the fi ve Scandinavian 
studies included in the meta-analysis was 1.2, compared to 
0.8 for non-Scandinavian studies [ 69 ]. The UC-related mor-
tality accounted for 17 % of all deaths, and cause-specifi c 
analyses revealed increased mortality from respiratory dis-
eases, colorectal cancer, gastrointestinal, and liver diseases, 
while mortality from pulmonary cancer was decreased [ 69 ]. 
Similarly, a study on IBD subjects drawn from Kaiser 
Permanente Medical Care Program, California, found no 
overall increase in mortality with UC (SMR, 1.0; 95 % CI, 
0.9–1.2), but they had a higher risk of dying from digestive 
diseases other than IBD (SMR, 3.9; 95 % CI, 2.4–6.0) (e.g., 
liver diseases and colorectal cancer) [ 70 ]. Nonetheless those 
UC patients needing immunosuppressive treatment with aza-
thioprine, 6-mercaptopurine, methotrexate, or infl iximab 
have a higher mortality compared to those who did not, and 
this probably refl ects the increased usage of these treatment 
regimes in patients with more severe disease [ 62 ,  69 ,  71 ]. In 
a study using the General Practice Research Database 
(GPRD) from the United Kingdom, the mortality in UC 
patients was increased with current usage (HR, 2.81; 95 % CI, 
2.26–3.50) and recent usage (HR, 2.49; 95 % CI, 1.65–3.75) 
of corticosteroids [ 71 ].   

    Predictors of Natural History 

    Mucosal Healing 

 Mucosal healing (MH) will likely become an important 
measure of treatment effi cacy for future IBD trials. However, 
there is considerable disparity in the literature regarding the 
defi nition of MH in UC. The International Organization for 
the Study of Infl ammatory Bowel Disease (IOIBD) proposed 
a defi nition of MH in UC, which comprised of absence of 
friability, blood, erosions, and ulcers in all visualized seg-
ments of the gastrointestinal mucosa [ 72 ]. In a Norwegian 
population-based cohort of UC patients (IBSEN), education 
longer than 12 years and extensive disease at diagnosis were 
signifi cant predictors of MH after 1 year, and the presence 
of MH decreased the future risks of colectomy [ 73 ]. A recent 
study reported long-term clinical outcomes of patients 
treated in the Acute Ulcerative Colitis Trials (ACT1 and 
ACT2) [ 74 ]. MH was defi ned as an absolute Mayo endo-
scopic subscore of 0 or 1 [ 20 ,  74 ]. The patients who achieved 
MH at 8 weeks were less likely to progress to colectomy 
through 54 weeks of follow-up, and the degree of MH cor-
related with better symptomatic and corticosteroid use at 30 
and 54 weeks of follow-up [ 74 ]. It is desirable to incorporate 
MH as a potential goal in clinical practice, but further studies 
to develop standardized endoscopic scoring indices for MH 
will need to be performed.   

    Conclusion 

 The majority of UC patients have mild disease, and the 
prognosis in terms of mortality and CRC occurrence is not 
signifi cantly different from that of the general population. 
However, clearly a subset of patients has signifi cant morbid-
ity, and there is a suggestion that in some cohorts there still 
exists elevated mortality from UC. The treatment goals in UC 
are rapidly changing from mere control of symptoms to alter-
ation of the natural history of the disease. Further studies are 
currently necessary to evaluate the long-term outcomes in UC 
with the changing treatment paradigms.     
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        Introduction 

 Ulcerative colitis (UC) is a chronic infl ammatory disease 
with a relapsing-remitting course. It affects patients in young 
adulthood, with a mean age of 34.5 years at diagnosis [ 1 ], a 
point in life when the affl icted individuals are completing 
their higher education, establishing their careers, and starting 
their families. As patients with UC have a normal lifespan 
[ 2 ], the relapsing course of the disease portends decades of 
morbidity. The choice of therapy must take into account the 
long-term issues of compliance and adverse events. In addi-
tion, UC is a pervasive disease that can impinge on every 
aspect of a person’s life, from their current functional and 
mental state to their future reproductive health and risk of 
malignancy. Optimal management of this chronic condition 
must therefore be comprehensive in addressing every facet 
of the disease. This chapter discusses the principles of man-
agement of UC patients, with a focus on evidence-based, 
patient-centered, systematic, and comprehensive therapy. 

We provide an overview of the therapeutic options and 
goals of treatment and provide recommendations for indi-
vidualizing treatment.  

    Ulcerative Colitis as a Model of Chronic 
Disease Management 

 The concept of chronic disease management grew out of the 
realization that the standard, ambulatory care model of acute 
illness does not meet the needs of patients with chronic ill-
nesses [ 3 ,  4 ]. Models of chronic disease management thus 
evolved, aiming at improving short- and long-term care, 
optimizing quality of life, and preventing disease progres-
sion and complications. There are several key aspects to the 
management of UC. These include a coordinated treatment 
plan for inducing and maintaining remission, a focus on 
patient function and quality of life, monitoring for and pre-
venting disease and treatment complications, evidence-based 
care, and behaviorally sophisticated support for the patient in 
his/her role as self-manager. Coordinating care between mul-
tiple providers and/or settings is paramount and is facilitated 
by regular clinic follow-up and by information systems. 
Hence, conceptually, patients with UC should benefi t from 
the framework of a structured disease approach. 

 Central to the chronic disease management model is 
patient empowerment and involvement. Physicians must 
establish strong, long-term relationships with their UC 
patients and provide them with education, support, and open 
lines of communication. Patients can thus become active 

mailto: themos@dom.wustl.edu
mailto: hvu@dom.wustl.edu


32

partners in their own health management and achieve better 
outcomes. In this regard, recent data suggest that patient trust 
in the physician is associated with improved adherence to 
IBD therapy [ 5 ], which is a surrogate for long-term 
remission. 

 Patients with UC need to be well informed regarding their 
condition and their physician can be instrumental in their 
education. Education and discussions on the natural course 
of disease, treatment goals, and patient preferences and 
expectations allow for individualized management and culti-
vate effective patient-physician interactions. For example, a 
patient’s wish to avoid surgery may lead them to pursue a 
more aggressive medical strategy, such as entering a clinical 
trial. Educational resources and online websites (such as the 
website of the Crohn’s and Colitis Foundation of America; 
  www.ccfa.org    ) may supplement offi ce discussions and 
answer questions and concerns not raised in clinic [ 6 ]. More 
knowledgeable patients may take greater personal responsi-
bility for their health and may eventually become comfort-
able with self-managing certain aspects of their condition. 
For example, patients may learn to increase doses or start 
medications when they fi rst develop symptoms of a fl are, so 
that their disease can be controlled at an early stage. 
Physicians and patients may together devise an action plan to 
help guide patient self-management. The advantages of this 
approach were demonstrated in a randomized controlled trial 
(RCT) that compared guided self-management and patient- 
directed follow-up to traditional outpatient management [ 7 ]. 
Subjects in the intervention arm had their relapses treated 
signifi cantly faster and made signifi cantly fewer doctor and 
hospital visits. Flexible lines of communication may allow 
patients to update their gastroenterologist on their current 
clinical status and have simple questions answered. 
Telecommunication options have expanded so that electronic 
mail may be used to aid in caring for patients living at a dis-
tance or patients more comfortable with this mode of com-
munication. The feasibility and benefi ts of these approaches 
were shown in a recent RCT in Danish and Irish patients 
with mild and moderate ulcerative colitis on 5- aminosalicylate 
acid treatment [ 8 ]. Subjects were randomized to a web group 
that received disease-specifi c education and self-treatment or 
a control group that continued the usual care for 12 months. 
The web-based group demonstrated signifi cantly better 
adherence and shorter duration of relapses. The web-based 
group also had fewer acute and routine visits to the outpa-
tient clinic, leading to cost savings. Among the Danish sub-
jects, general IBD knowledge and disease-specifi c quality of 
life was higher in the web-based group, without associated 
increases in depression and anxiety. 

 Management of a chronic disease such as UC requires 
establishment of a high-quality, coordinated health system 
[ 9 ]. Effective care is enhanced through involvement of the 
primary care physicians who follow patients for health 

 maintenance issues. These include updating vaccinations 
 (infl uenza annually, pneumococcus, tetanus, meningococ-
cus, hepatitis B, and human papilloma virus in young 
females), monitoring bone health (including bone densitom-
etry and vitamin D levels), and screening for cancer [ 10 ]. 
Thiopurines increase the risk of nonmelanoma skin cancer, 
whereas anti- TNF biologics increase the risk of melanoma 
[ 11 ]. Women with IBD receiving corticosteroids and immu-
nosuppressants may have a higher risk of cervical abnormal-
ities [ 12 ]. Highlighting the central role of the primary 
physician, a recent study from Kaiser Permanente, an inte-
grated care organization, showed a signifi cant shift in the 
outpatient care of UC patients [ 13 ]. Between 1998 and 2005, 
the annual rate of visits to a gastroenterologist for treatment 
of gastrointestinal disease decreased by 25 % per patient 
( P  < 0.0001), whereas the rate of visits to primary care pro-
viders increased by 350 % ( P  < 0.0001) (similar signifi cant 
trends were seen for Crohn’s disease). 

 An emerging trend in the care of UC patients involves 
the increased use of mid-level providers. Given the rising 
demands on physicians, as well as the emphasis on health 
promotion and disease prevention, specialist nurses, nurse 
practitioners, and physician assistants will inevitably 
assume greater roles in the management of patients and 
may even direct care in some domains. The members of 
these  “IBD- dedicated teams” can address straightforward 
patient concerns without need for an offi ce appointment. 
They can also answer questions regarding insurance and 
cost issues and refer patients to social workers or pharma-
ceutical assistance programs. Studies are beginning to 
examine the effects of care by IBD-specialist nurses on out-
comes. A recent study from Norway found that, in compari-
son to conventional  follow- up, the utilization of a 
systematic, nurse-led follow-up produced similar outcomes 
in terms of hospitalizations, surgery, sick leave, perfor-
mance of endoscopic procedures, and number of additional 
telephone consultations [ 14 ]. Moreover, nurse-led follow-
up was associated with a signifi cantly faster treatment upon 
relapse. 

 The management of extraintestinal manifestations (EIM) 
associated with UC frequently requires referral to other spe-
cialists, including ophthalmologists, rheumatologists, derma-
tologists, and hematologists. Concomitant primary sclerosing 
cholangitis may require management by an advanced endos-
copist, general hepatologist, or transplant hepatologist. Stress, 
depression, and anxiety are also comorbid conditions associ-
ated with UC and other chronic diseases. In infl ammatory 
bowel disease, psychiatric comorbidity is associated with 
poorer clinical outcomes and greater healthcare costs  [ 15 – 17 ]. 
Treatment of these disorders by the primary care physician or 
the psychiatrist improves disease control and enhances gen-
eral and emotional well-being [ 18 ,  19 ] and may improve dis-
ease outcome [ 20 ]. 
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 Good communication between the patient and the 
 members of the health care team is critical to the development 
of an informed, individualized management plan, as well as 
to the prevention and early detection of complications. 

 There is surprising variability in the patterns and quality 
of IBD care, likely refl ecting the heterogeneity of the disease 
but also poor adherence to guidelines [ 13 ,  21 – 23 ]. This vari-
ability mandates efforts to identify specifi c areas for quality 
improvement. The American Gastroenterological 
Association (AGA) has recognized the need to distinguish 
physicians and practices that deliver high-quality and 
resource-effi cient care for patients with digestive disorders. 
Using the Physician Consortium for Performance 
Improvement ®  (PCPI™) model, the AGA has developed a 
set of clinical performance measures designed for the pur-
pose of improving IBD quality of care [ 24 ]. The performance 
measures enable the physician to track his/her performance 
in individual patient care. In the future, reimbursement by 
insurers may require meeting quality-based targets and out-
comes. Ultimately, applying the chronic disease manage-
ment model in UC should be expected to yield higher-quality 
health care.  

    Classifi cation of Disease 

 UC is classifi ed by disease extent and severity. This classifi -
cation is important as disease presentation, outcomes, and 
therapy depend on these disease characteristics. Disease 
extent is determined endoscopically. Approximately 40 % of 
patients have disease limited to the rectum (ulcerative procti-
tis), and 30–40 % of patients have disease limited to the rec-
tosigmoid (ulcerative proctosigmoiditis) or the left colon 
(left-sided UC) [ 25 ]. 20–30 % of patients have involvement 
of mucosa proximal to the splenic fl exure (extensive colitis) 
or encompassing the entire colon (pancolitis). Disease extent 
should be described accurately at the time of the index colo-
noscopy, as medical therapy (particularly topical therapy) 
may lead to patchy healing. Topical therapy may explain an 
atypical fi nding of rectal sparing in subsequent colonosco-
pies. A periappendiceal “red patch” and backwash ileitis 
may also be seen in UC and should not be confused for 
Crohn’s disease. 

 Patients with distal UC (ulcerative proctitis and procto-
sigmoiditis) frequently present with the typical symptoms of 
tenesmus, urgency, and passage of fresh blood. Patients may 
also complain of constipation, a symptom probably resulting 
from slower transit in the more proximal colon. More exten-
sive involvement of UC leads to bloody diarrhea, abdominal 
cramping, and systemic symptoms including, anorexia, 
weight loss, dehydration, fevers (typically low-grade), and 
extraintestinal manifestations of UC. 

 UC is also classifi ed according to disease activity [ 26 ]. 
The American College of Gastroenterology has developed 
operational defi nitions. Patients in remission are asymptom-
atic, with ≤3 stools daily and without rectal bleeding or sys-
temic symptoms. Mild disease is defi ned as ≤4 stools daily, 
rare passage of blood or mucus, and no systemic symptoms. 
Moderate disease is defi ned as >4 stools daily with daily 
 passage of blood or mucus and minimal systemic symptoms. 
Severe disease is defi ned as >6 bloody stools daily with 
 evidence of toxicity including fever, tachycardia, anemia, or 
elevated erythrocyte sedimentation rate (ESR). Fulminant 
colitis is characterized by bloody diarrhea with >10 move-
ments daily, continuous bleeding, abdominal pain, and sys-
temic toxicity [ 27 ]. Toxic megacolon is defi ned as systemic 
toxicity (fever and tachycardia) and colonic dilatation ≥6 cm, 
which is associated with abdominal distention, hypoactive 
bowel sounds, and constipation or obstipation [ 28 ].  

    Activity Indices 

 Several measures of disease activity have been developed 
based on clinical symptoms, biochemical data, and endoscopic 
fi ndings. Most of these indices were developed for the pur-
poses of drug trials and research studies [ 29 ]. Nonetheless, the 
simpler indices may be used in clinical practice. The Truelove 
and Witts’ Severity Index [ 30 ] incorporates six variables 
(number of stools, bleeding, temperature, pulse, hemoglobin, 
and ESR) to classify patients into three groups (mild, moder-
ate, and severe). Though useful in the general classifi cation of 
patients, the use of this index has been limited by its qualita-
tive nature. The Powell-Tuck Index [ 31 ] uses ten variables 
(general health, abdominal pain/tenderness, bowel frequency, 
stool consistency, bleeding, anorexia, nausea/vomiting, tem-
perature, and presence of EIM) to determine a score ranging 
from 0 to 20. In addition, sigmoidoscopy fi ndings may be 
added with scores from 0 to 2. The Activity Index (AI) or Seo 
Index [ 32 ] was developed to predict disease severity as classi-
fi ed by the Truelove and Witts’ classifi cation. Five quantitative 
variables (number of stools, number of bloody stools, ESR, 
hemoglobin, and albumin) were selected after multiple 
 stepwise regressions. The  equation (AI = 60 × bloody 
stools + 13 × number of stools + 0.5 × ESR – 4 × hemoglobin - 
15 × albumin + 200) results in a score from 50 to 250. Mild 
disease is defi ned as a score <150, moderate as 150–200, and 
severe as >200. The AI has been shown to predict clinical 
remission, endoscopic fi ndings, response to infl iximab, and 
need for colectomy [ 33 – 36 ]. 

 Two indices that are frequently used and incorporate 
endoscopic fi ndings into their determination are the Mayo 
Clinic Score [ 37 ] and the Sutherland Index/UC Disease 
Activity Index (UC DAI) [ 38 ]. The Mayo Score is calculated 
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using four variables (stool frequency, rectal bleeding,  fl exible 
sigmoidoscopy fi ndings scored 0–3, and physician global 
assessment) to determine a score of 0–12. The Mayo Score 
has been used in multiple studies and has been shown to cor-
relate with quality of life measures. The UC DAI also incor-
porates four variables (stool frequency, rectal bleeding, 
endoscopic mucosal appearance, and physician’s rating of 
disease activity) to determine a score ranging from 0 to 12. 
The UC DAI has been shown to correlate with patient- 
defi ned remission [ 39 ].  

    Medical Therapies 

 The choice of medical therapy must take into account both 
disease location and disease activity. Targeted delivery of 
mesalamine to the infl amed colonic segments leads to opti-
mal effectiveness and minimizes systemic side effects. 
Systemic therapies are necessary in patients with moderate 
or severe disease. Therapeutic decisions should also take 
into consideration the patient’s history of response to dif-
ferent therapies, compliance, and comorbidities. Frequent 
reassessment of the treatment regimen is required given 
the relapsing- remitting course of the disease and the pos-
sibility of worsening activity or proximal progression 
(Table  4.1 ).

      Aminosalicylates 

 The aminosalicylates, sulfasalazine (SASP), and 
 mesalamine (or 5-aminosalicylic acid or 5-ASA) constitute 
fi rst- line treatment for both the induction of remission and 
the maintenance of remission in patients with mild to mod-
erate UC. The mechanism of action involves several path-
ways, including inhibition of activation of transcription 
factor NF-κB [ 40 ], inhibition of prostaglandin synthesis 
[ 41 ], and scavenging of free radicals [ 42 ]. SASP (4–6 g/
day), the prototype aminosalicylate formulation, contains a 
sulfapyridine moiety linked by an azo bond to the 5-ASA 
moiety. Sulfapyridine accounts for most of the adverse 
effects, whereas 5-ASA accounts for most of the therapeu-
tic benefi ts. SASP is minimally absorbed by the small 
intestine and remains intact until reaching the colon, where 
bacteria cleave the azo bond to release free sulfapyridine 
and 5-ASA. 5-ASA is poorly absorbed by the colon (and 
therefore has minimal systemic effects) and has topical 
(mucosal) anti- infl ammatory activity. In effect, sulfapyri-
dine functions as a carrier, delivering the active 5-ASA 
moiety to the colon. Dose-dependent effi cacy and toxicity 
are observed, mediated by the mesalamine and sulfapyri-
dine moieties, respectively. Up to 40 % of patients may 
experience dose-related side effects, such as nausea, dys-
pepsia, headaches, and sperm abnormalities. Idiosyncratic 

   Table 4.1    Overview of medical therapies   

 Induction therapy [ 1 ,  2 ]  Maintenance therapy 

 Mild  • Oral 5-ASA 
 • Topical 5-ASA 
 • Topical steroid 

 • Oral 5-ASA, with or without topical 5-ASA 

 Moderate  • Oral 5-ASA 
 • Topical 5-ASA 
 • Topical steroid 
 • Prednisone in patients with more severe disease or in 

patients with milder disease who failed oral 5-ASA, 
topical 5-ASA, and topical steroid 

 • IFX in patients with steroid-refractory disease or 
intolerance to 5-ASA and thiopurines 

 • ADA in patients with steroid-refractory disease or 
intolerance to 5-ASA and thiopurines 

 • GOL in patients with steroid-refractory disease or 
intolerance to 5-ASA and thiopurines 

 • Oral 5-ASA, with or without topical 5-ASA (in patients who 
achieved remission on oral 5-ASA, topical 5-ASA or topical 
steroid 

 • Thiopurines in patients with steroid- dependent disease or 
patients with frequent fl ares despite maximal 5-ASA therapy 

 • IFX or IFX-thiopurine combination therapy in patients who 
achieved remission on IFX and in patients with steroid-
dependent disease 

 • ADA or ADA-thiopurine combination therapy in patients who 
achieved remission on ADA and in patients with steroid-
dependent disease 

 • GOL or GOL-thiopurine combination therapy in patients who 
achieved remission on ADA and in patients with steroid-
dependent disease 

 Severe  • IV corticosteroid (fi rst line) 
 • IV Cyclosporine (fi rst line or after failure of IV steroids) 
 • IFX (fi rst line or after failure of IV steroids) 

 • Thiopurines in patients who achieved remission on IV 
corticosteroids or IV cyclosporine 

 • IFX or IFX-thiopurine combination therapy in patients who 
achieved remission on IFX 

   Notes : (1) Patients with active distal disease are treated with any combination of topical 5-ASA, oral 5-ASA, and/or topical corticosteroids. 
(2) Topical therapies are critical in patients with active distal disease. However, they also reduce symptoms of distal disease in patients with 
 extensive UC or pancolitis independent of disease severity  
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side effects are also observed, including bone marrow sup-
pression and hepatotoxicity. SASP inhibits absorption of 
folate. Advantages of SASP include lower cost than mesa-
lamine and effectiveness against peripheral arthritis. The 
 starting dose is typically 500 mg 2–3 times daily with 
meals. The dose is gradually increased as tolerated to a 
maximal dose of 4–6 g/day, taken three times daily with 
meals. As SASP inhibits folate absorption, folate supple-
mentation is advised. 

 Oral, sulfa-free aminosalicylates were developed in order 
to circumvent the side effects of sulfapyridine and now 
 constitute the most commonly prescribed oral therapies. 
These formulations target 5-ASA release to the site of 
infl ammation along the gastrointestinal tract, differing in the 
mode of release and site of 5-ASA delivery. Preparations that 
are available in the USA, the sites of targeted 5-ASA release, 
and the usual dosages for the treatment of UC are listed 
below:
•    Delzicol ®  (400 mg) and Asacol HD ®  (800 mg) (Warner 

Chilcott, Rockaway, NJ, USA) are mesalamine coated 
with an acrylic-based resin that dissolves at pH of 7 or 
greater, releasing the drug in a delayed, pH-dependent 
manner in the terminal ileum and colon. The usual dose is 
2.4–4.8 g/day. In the USA, Delzicol ®  is approved for the 
treatment of mildly to moderately active UC and for the 
maintenance of remission. Asacol HD ®  is approved for 
the treatment of moderately active UC.  

•   Pentasa ®  (250 and 500 mg; Shire Pharmaceuticals, 
Wayne, PA, USA) is mesalamine formulated within semi-
permeable ethyl cellulose microgranules that release the 
drug in a time-dependent manner throughout the small 
bowel and colon. The usual dose is 2–4 g/day. In the USA, 
Pentasa ®  is approved for the induction of remission and 
for the treatment of patients with mildly to moderately 
active UC.  

•   Lialda ®  (1,200 mg; Shire Pharmaceuticals, Wayne, PA, 
USA) is mesalamine coated with a gastro-resistant pH- 
dependent polymer fi lm, which dissolves at or above 
pH 7, releasing mesalamine from the tablet core in the 
terminal ileum and colon. The tablet core contains mesa-
lamine in a multimatrix (MMX) of hydrophilic and lipo-
philic excipients. The usual dose is 2.4–4.8 g/day. In the 
USA, Lialda ®  is approved for the induction of remission 
in adults with active, mild to moderate UC, and for the 
maintenance of remission.  

•   Balsalazide (Colazal ®  750 mg; Salix Pharmaceuticals, 
Raleigh, NC, USA; and generic) consists of 5-ASA in an 
azo bond with an inert carrier. Colonic bacteria cleave the 
azo bond to release 5-ASA throughout the colon. The 
usual dose is 6.75 g/day. Colazal ®  is approved for the 
treatment of mildly to moderately active UC.  

•   Olsalazine (Dipentum ® , 250 mg; Pfi zer, New York, NY, 
USA) is a 5-ASA dimer. Colonic bacteria cleave the azo 
bond to release 5-ASA throughout the colon. The usual 

dose is 2 g/day. Dipentum ®  is approved for the mainte-
nance of remission only.  

•   Apriso ®  (0.375 g; Salix Pharmaceuticals, Raleigh, NC, 
USA) is mesalamine with delayed and extended release 
as granules that dissolve at pH of 6 or greater for delivery 
throughout the colon. Apriso is approved for the mainte-
nance of remission only. The usual dose is 1.5 g/day.    
 A recent systematic review included 11 RCTs with 2,086 

patients comparing 5-ASA or SASP versus placebo as induc-
tive therapy in active UC [ 43 ]. The majority of studies 
enrolled patients with mild to moderately active UC. There 
was a strong effect in favor of 5-ASA therapy, with a number 
needed to treat (NNT) of 6 (95 % confi dence interval (CI) 
5–8). 40 % of patients achieved remission in the active treat-
ment group, compared with 20 % in the placebo group. The 
quality of evidence was graded as moderate. There was no 
difference in effi cacy among the different 5-ASA prepara-
tions. The systematic review found similar remission rates at 
low (2.0–2.5 mg/day) versus high doses (>2.5 mg/day). 
Nonetheless, RCTs and clinical experience are consistent 
with a dose-response curve with specifi c oral 5-ASA agents 
(Asacol ® , Pentasa ® , Lialda ® ), with a maximal effect at 
 4.0–4.8 g/day [ 44 ]. In clinical practice, the choice of prepa-
ration is usually based on cost and convenience, rather than 
on claims of superiority of a particular formulation. 

 The same systematic review also assessed 11 RCTs with 
1,502 participants that compared 5-ASA versus placebo in 
patients with quiescent UC. There was a strong effect in 
favor of 5-ASA, with a NNT of 4 (95 % CI 3–7). 40 % of 
patients on 5-ASA relapsed compared with 63 % of patients 
taking placebo over 6–12 months. The quality of evidence 
was graded as high. As with active UC, there was no evi-
dence that effi cacy varied between different preparations. 
The optimal maintenance 5-ASA dose appeared to be 2.0–
2.4 g/day. Among the seven trials that compared a daily dose 
of <2 g of 5-ASA with a dose of ≥2 g/day, there was a statis-
tically signifi cant effect in favor of the higher dose (NNT = 10; 
95 % CI 5–33). The single trial comparing high versus stan-
dard dose (>2.5 g/day vs. 2.0–2.5 g/day;  n  = 113) found no 
difference between the two doses. The authors stated that 
current evidence supports using 2.4 g/day, but conceded that 
further research is needed to address a possible dose response 
of 5-ASA in preventing relapse. Again, clinical experience 
suggests that higher doses (3.6–4.8 g/day) are more effective 
than lower doses (2.4 g/day) in maintaining remission. In 
clinical practice, the maintenance dose is frequently the 
same as the inductive dose. 

 Only 40 % of patients are compliant with oral 5-ASA 
therapy [ 45 ] and noncompliance is associated with a higher 
risk of relapse [ 46 ]. A study of once daily dosing found 
lower relapse rates [ 47 ]. 5-ASA nephrotoxicity is seen rarely 
so that renal function should be monitored periodically [ 48 ]. 

 Topical forms, either as monotherapy or in conjunction 
with oral therapies, should be used in patients with distal 
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UC, as well as patients with more extensive disease but 
prominent distal symptoms. Topical mesalamine  formulations 
that are available in the USA include:
•    Suppositories (Canasa ® , Aptalis Pharma, Birmingham, 

AL, USA), 1,000 mg QD. Suppositories deliver the drug 
to the distal 10–15 cm of the rectum. Canasa ®  is approved 
for the treatment of mild to moderately active ulcerative 
proctitis.  

•   Enemas (generic and Rowasa ® , Meda Pharmaceuticals, 
Somerset, NJ, USA) 60 ml daily. Enemas deliver the drug 
up to the splenic fl exure. Rowasa ®  is approved for the 
treatment of mild to moderately active distal ulcerative 
colitis, proctosigmoiditis, or proctitis.    
 Response is usually seen within 3–4 weeks. Remission 

rates in distal UC using topical formulations are 50–75 %, 
superior to those observed with oral 5-ASA monotherapy 
and with topical steroids [ 49 ]. However, the combination of 
topical and oral 5-ASA is more effective than either agent 
alone [ 50 ,  51 ]. In addition, the combination of oral 5-ASA 
and enemas twice a week has been shown to be superior to 
oral 5-ASA alone in maintaining remission in patients with 
disease extent greater than proctitis and a history of multiple 
relapses [ 52 ]. Patients on topical therapies may complain of 
leakage, problems with retention, anal irritation, cramps, and 
bloating but these symptoms improve over time. Common 
treatment errors included not maximizing topical therapies 
in the induction of remission and not utilizing them for 
maintenance.   

    Corticosteroids 

 Corticosteroids are used for the induction of remission in 
patients with moderate disease (oral steroids) or severe dis-
ease (intravenous steroids). The patient is then transitioned 
to appropriate maintenance therapy, such 5-ASA (oral and/or 
topical), thiopurines, or infl iximab, depending on the clinical 
assessment. A subset of patients develops steroid-dependent 
disease, defi ned as inability to taper off steroids without 
experiencing a fl are. In these patients, the multitude of ste-
roid toxicities mandates the initiation of steroid-sparing, 
maintenance therapies. In one population study, approxi-
mately one-third of 185 patients with newly diagnosed UC 
required corticosteroid treatment [ 53 ]. Half of these patients 
went into remission with prolonged response at 1 year. 
However, 14 (22 %) patients became steroid-dependent and 
18 (29 %) required surgery. 

 Corticosteroids were fi rst shown to be effective in UC in 
1955 [ 54 ]. Patients with chronic, active UC severe enough to 
require at least 6 weeks of hospital stay were randomized to 
cortisone (100 mg orally once daily,  n  = 109) versus placebo 
( n  = 101). In the cortisone group, 58.7 % failed to achieve 
remission, compared with 84.2 % in the placebo group. The 

absolute risk reduction was 25.4 % (13.8 % vs. 37.1 %), and 
the NNT was 4. A recent meta-analysis of RCTs found that 
54 % of patients receiving oral steroids failed to achieve 
remission compared with 79.0 % of patients randomized to 
placebo. The likelihood of failure to achieve remission was 
signifi cantly reduced with steroid therapy (relative risk 
(RR) = 0.65; 95 % CI 0.45–0.93) [ 55 ]. 

 Patients with severe UC require hospitalization and 
intravenous corticosteroids. In a study from Oxford, 49 
patients with severe UC were treated with a 5-day course of 
IV prednisolone (60 mg/day) and rectal hydrocortisone 
(100 mg twice daily) during the period between 1969 and 
1973. Thirty-six patients (74 %) were in complete remis-
sion at the end of the 5-day course, 4 (8 %) showed clinical 
improvement but no remission and required surgery within 
the next 6 weeks, and 9 (18 %) required emergent surgery 
after 5 days of treatment [ 56 ]. The same group reported 
their results in an additional 100 courses of the same regi-
men in 87 patients with severe UC, treated during the 
period between 1974 and 1978. 60 % of the attacks 
responded swiftly to the regimen; in 15 %, there was 
improvement; and in 25 %, failure to respond resulted in 
emergency colectomy [ 57 ]. More recent studies have 
reported remission rates of 50–61 % [ 58 – 60 ]. 

 A French retrospective study assessed factors predictive 
of failure of intravenous corticosteroid therapy, defi ned as 
colectomy before day 30, intravenous cyclosporine, or death. 
On multivariate analysis, severe endoscopic lesions (defi ned 
as extensive deep ulcerations, mucosal detachment on the 
edge of these ulcerations, well-like ulcerations, and/or large 
mucosal abrasions) were associated with an increased risk of 
failure ( P  = 0.007). The presence of Truelove and Witts’ 
 criteria for severe disease ( P  = 0.018) and an attack that had 
lasted more than 6 weeks ( P  = 0.001) were also independent 
predictors of failure. Patients with severe endoscopic lesions 
and Truelove and Witts’ criteria for severe disease had a fail-
ure rate of 86 %, whereas those with severe endoscopic 
lesions and moderate disease by the Truelove and Witts’ cri-
teria had a failure rate of 50 % [ 61 ]. An English prospective 
study evaluated clinical parameters predictive of surgery in 
51 consecutive episodes of severe colitis by the Truelove and 
Witts’ criteria. All patients were treated with intravenous and 
rectal hydrocortisone. In addition, 14 of 51 patients were 
treated with intravenous cyclosporine. There was complete 
response in 21 episodes (<or = 3 stools on day 7, without vis-
ible blood), incomplete response in 15 (>3 stools or visible 
blood on day 7, but no colectomy), and colectomy on that 
admission in 15. Patients with more than eight stools on day 
3, or a stool frequency between three and eight together with 
a CRP >45 mg/l, had an 85 % risk of colectomy during the 
hospitalization [ 62 ]. 

 Corticosteroids are available in oral, intravenous, and 
topical formulations. Oral corticosteroids are indicated in 
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mild to moderate UC when a patient is fl aring despite maxi-
mal 5-ASA use [ 63 ]. Recommended dosing is prednisone 
40–60 mg (or its equivalent) until clinical remission ( not  
response) is achieved, usually in 7–14 days [ 64 ]. The rapid-
ity of the taper is dictated by how quickly the patient 
responds. Common errors are starting the prednisone taper 
as soon as the patient begins to improve, rather than waiting 
for the patient to achieve clinical remission tapering too 
quickly in a patient who responded slowly, and tapering too 
slowly in a patient who promptly entered remission. 
Generally, prednisone is tapered by 5–10 mg each week until 
20 mg, then by 2.5–5 mg each week. However, the impor-
tance of individualizing the taper cannot be overemphasized. 
Patients should not be treated with a “standard” taper and 
should be instructed to contact their physician periodically 
regarding the dose changes. On the basis of two RCTs, 
extended-release budesonide (Uceris ®  9 mg; Santarus, San 
Diego, CA, USA) was recently approved in the USA for the 
induction of remission in patients with active, mild to moder-
ate UC [ 65 ,  66 ]. The formulation (budesonide in a multima-
trix (MMX) of hydrophilic and lipophilic excipients) was 
designed to deliver the agent to the colon and thus minimize 
systemic absorption. 

 Accepted intravenous steroid therapies include methyl-
prednisolone 20 mg every 8 h, hydrocortisone 100 mg every 
8 h, or prednisolone 30 mg every 12 h. There is no difference 
between intravenous bolus delivery and 24-h continuous 
infusions [ 67 ]. Intravenous corticosteroids are administered 
until clinical remission is achieved—only then should the 
patient be switched to an oral form. During their hospitaliza-
tion, patients with severe UC should be monitored for dehy-
dration, electrolyte abnormalities, anemia, and signs of 
toxicity and megacolon. If no improvement is seen after 5–7 
days, then surgical consultation is sought, and the patient is 
offered the options of cyclosporine, infl iximab, or surgery. 
Common management errors in the hospitalized patient 
include prematurely switching to oral steroids, not employ-
ing topical 5-ASA and steroid therapies, omitting measures 
to prevent venous thromboembolism, not feeding the patient, 
underestimating the severity of the disease, and therefore 
delaying surgical consultation. 

 Topical corticosteroids are available as foam (hydrocorti-
sone acetate 10 %); each application delivers approximately 
900 mg of foam containing 80 mg of hydrocortisone (90 mg 
of hydrocortisone acetate) and enema (one 60 mL enema 
delivers 100 mg hydrocortisone) preparations. Topical 
budesonide formulations are also available in other coun-
tries. These options are useful in treating fl ares in patients 
with distal or left-sided UC or in those with prominent distal 
symptoms. The combination of topical 5-ASA and cortico-
steroids has been shown to be superior to either therapy 
alone in distal UC [ 68 ].  

    Cyclosporine 

 Cyclosporine is a calcineurin inhibitor used as a salvage 
therapy in patients with severe UC failing intravenous corti-
costeroids after 5–7 days. In the seminal study by Lichtiger 
et al. 82 % of patients with severe, steroid-refractory UC 
treated with intravenous (IV) cyclosporine avoided colec-
tomy in the short term [ 69 ]. Based on pooled data from con-
trolled and uncontrolled trials, approximately 80 % of 
patients respond to IV cyclosporine and avoid colectomy in 
the short term [ 70 ]. However, 88 % of responders will require 
colectomy at 7 years [ 71 ]. Cyclosporine is also effective as 
fi rst-line therapy in patients with severe UC (in lieu of IV 
corticosteroids). In a Belgian, double-blind RCT, IV cyclo-
sporine was as effective as IV methylprednisolone in patients 
with severe UC (response rates of 64 % and 53 %, respec-
tively) [ 72 ]. Cyclosporine is administered at a dose of 2 mg/
kg/day by continuous IV infusion. The dose is adjusted tar-
geting serum concentrations of 350–500 ng/ml [ 73 ]. Dose- 
dependent toxicities include nephrotoxicity, infection, 
hypertrichosis, gingival hyperplasia, paresthesias, tremor, 
and seizures [ 74 ]. The risk of seizures is increased in the set-
ting of hypomagnesemia and hypocholesterolemia. Shortly 
after successful induction with cyclosporine, immunomodu-
lators are started. Steroids are tapered off fi rst, followed by 
cyclosporine, so that by 4–6 months the patient is in remis-
sion on immunomodulators alone. In a study from the 
University of Chicago, this approach improved long-term 
success of avoiding colectomy (59 % with vs. 39 % without 
immunomodulators) [ 75 ]. Prophylaxis against  Pneumocystis 
jiroveci  ( carinii ) with trimethoprim-sulfamethoxazole or 
dapsone should be administered in cyclosporine-treated 
patients. 

 Small, open-label studies of tacrolimus, a calcineurin 
inhibitor-like cyclosporine, showed effectiveness in prevent-
ing colectomy in the short term in two-thirds of patients with 
refractory UC [ 76 ,  77 ]. In a recent randomized, placebo- 
controlled trial of oral tacrolimus in hospitalized patients 
with steroid-refractory UC, tacrolimus therapy improved 
clinical response at week 2 (50 % vs. 13 %;  P  = 0.003) and 
mucosal healing (44 % vs. 13 %;  P  = 0.012) [ 78 ].  

    Immunomodulators 

 The thiopurines, 6-mercaptopurine (6-MP) and its pro-drug 
azathioprine (AZA), modulate immune response through 
several mechanisms, including inhibition of DNA and RNA 
synthesis and apoptosis of activated T-cells [ 79 ]. 6-MP and 
AZA are metabolized into the active 6-thioguanine nucleo-
tide (6-TGN) metabolites as well as the inactive metabolites, 
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6-methylmercaptopurine nucleotides (6-MMPN) and 
6-thiouric acid [ 80 ]. High 6TGN concentrations lead to leu-
kopenia, where as high 6MMPN concentrations lead to hep-
atotoxicity. Conversion to the 6-MMPN metabolites is 
mediated by the enzyme thiopurine methyltransferase 
(TPMT). The activity of TPMT is largely determined geneti-
cally. Alleles conferring high ( TPMT  H ) and low enzyme 
activity ( TPMT  L ) are inherited in autosomal, codominant 
fashion. Approximately 89 % of Caucasians carry only 
 TPMT  H  alleles ( TPMT  H / TPMT  H ) and have normal TPMT 
activity, 11 % are heterozygous ( TPMT  H / TPMT  L ) and have 
intermediate activity, and 0.3 % are homozygous for the 
same  TPMT  L  allele ( TPMT  L / TPMT  L ) or are heterozygous 
with two different low activity alleles ( TPMT  L / TPMT  L’ ; com-
pound heterozygotes) and have low or undetectable activity. 
Measurement of TPMT activity is recommended to deter-
mine initial optimal dosage and avoid toxicity. Individuals 
with low or undetectable activity are generally not treated 
with the thiopurines, as they invariable develop very high 
6-TGN concentrations resulting in neutropenia. Individuals 
with normal activity are treated with standard doses (6-MP 
1–1.5 mg/kg/day or AZA 2.0–3.0 mg/kg/day), whereas those 
with intermediate activity are given half the standard doses 
(6-MP 0.5 mg/kg/day or AZA 1.0 mg/kg/day) [ 81 ]. 

 RCTs [ 82 – 84 ] and observational studies [ 85 – 87 ] have 
found the thiopurines effective in maintaining steroid-free 
remission in patients with steroid-dependent UC. The thio-
purines are also useful in patients experiencing frequent 
fl ares despite maximal 5-ASA therapy. Long-term therapy is 
required since 87 % of patients with refractory UC relapse 
once treatment is discontinued [ 75 ]. Due to their slow onset 
of action, the thiopurines are not used as inductive therapies. 
A recent meta-analysis reported a nonsignifi cant trend for 
benefi t from thiopurine induction therapy in patients with 
active UC (RR = 0.85; 95 % CI = 0.71–1.01) [ 88 ]. 

 Leukopenia (frequently, but not always, associated with 
high 6-TGN concentrations) and transaminitis (frequently, 
but not always, associated with high 6-MMPN concentra-
tions) are reversible with dose adjustments. Pancreatitis 
occurs in 1–2 % of patients, usually in the fi rst 6–8 weeks of 
treatment. Other adverse effects include nausea, emesis, mal-
aise, rash, arthralgias, and myalgias [ 89 ]. These may not recur 
on switching to the alternate thiopurine. Only pancreatitis and 
fever are absolute contraindications to future use of the alter-
nate thiopurine. Other risks associated with thiopurines 
include infections (especially in combination with corticoste-
roids and/or anti-TNF agents) [ 90 ] and lymphoma [ 91 ]. 

 Oral methotrexate was not effective in a double-blind, 
randomized, Israeli trial in patients with active, steroid- 
requiring UC [ 92 ]. Mycophenolate mofetil inhibits 
 lymphocyte proliferation by blocking guanine synthesis. 
Mycophenolate was less effective than AZA in a small, 
open-label trial in patients with active UC [ 93 ].  

    Monoclonal Antibodies Against 
Tumor Necrosis Factor-α 

 Infl iximab (IFX) is a chimeric monoclonal antibody that 
 targets tumor necrosis factor (TNF)-α, an infl ammatory cyto-
kine central to IBD pathogenesis. IFX is approved for the 
induction and maintenance of clinical remission in adults 
and children with moderately to severely active UC who 
have had an inadequate response to conventional therapy. 
IFX is therefore used in patients with (a) steroid-dependent 
disease failing thiopurines, (b) steroid-refractory disease, (c) 
intolerance to 5-ASA and thiopurines, and (d) severe UC 
requiring hospitalization. IFX is administered as an intrave-
nous infusion at a dose of 5 mg/kg at weeks 0, 2, and 6 for 
induction, and then every 8 weeks for maintenance. 

 In two large, phase III trials, IFX led to 61–69 % response 
and 31–47 % remission rates at 8 weeks [ 94 ]. This benefi t was 
maintained through 54 weeks with 44–45 % response and 
34–35 % remission rates in IFX-treated patients compared to 
20 % and 16 % of placebo-treated patients, respectively. 
Combination IFX and AZA therapy has been shown to result 
in higher rates of clinical remission in moderate to severe UC 
compared to monotherapy (40 % vs. 22–24 %) [ 95 ]. Similar 
results were reported with combination therapy in active 
Crohn’s disease [ 96 ], likely refl ecting the reduced formation 
of antibodies against IFX in patients also receiving AZA. 

 IFX has proven effective as salvage therapy in severe, 
steroid-refractory UC. Treatment with IFX decreased the 
need for colectomy among hospitalized patients with severe 
fulminant UC and failing intravenous steroids [ 97 ,  98 ]. 
Nonetheless half of patients eventually required colectomy 
at 5 years [ 99 ]. In a recent study that compared IFX to cyclo-
sporine in patients with severe, steroid-refractory UC, IFX 
demonstrated comparable rates of clinical response at 1 
week (86 % vs. 84 %) and need for colectomy (23 % vs. 
18 %) [ 100 ]. IFX may also be used in hospitalized patients as 
fi rst-line therapy (in lieu of IV corticosteroids) [ 101 ]. 

 An important question concerns the possibility of third- 
line therapy in patients who have failed cyclosporine or 
IFX. A French retrospective study examined patients treated 
between 2000 and 2008 with cyclosporine followed by IFX 
( n  = 65) and with IFX followed by cyclosporine ( n  = 21) 
[ 102 ]. The median (±standard error) follow-up time was 23 
(7) months. During the study period, 49 patients failed to 
respond to the second-line rescue therapy and underwent a 
colectomy. The probability of colectomy-free survival 
(61 ± 5 % at 3 months and 41 ± 6 % at 12 months) was similar 
in the two groups. Eight serious infections occurred 
during fi rst-line therapy in seven patients, including two 
bacterial central-line infections, two cases of  Clostridium 
diffi cile  infection, two cases of cytomegalovirus viremia, 
one viral pericarditis, and one esophageal candidiasis. 
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All infections had resolved by the time rescue therapy was 
started. During rescue therapy, nine serious infections 
occurred in nine patients (cyclosporine → IFX,  n  = 7; and 
IFX → cyclosporine,  n  = 2), and there was one fatal pulmo-
nary embolism. In our opinion, the risk-benefi t ratio favors 
colectomy over second- line rescue therapy in patients who 
have failed cyclosporine or infl iximab after also having 
failed intravenous steroids. Patients who elect second-line 
therapy should be advised that they have a 60 % chance of 
colectomy at 1 year and a signifi cant risk of infection. 

 After successful induction, IFX is continued as sched-
uled, maintenance therapy. Infusion reactions occur in 
approximately 10 % of patients and are mitigated by con-
comitant immunomodulatory therapy or IV hydrocortisone 
before the infusions [ 103 ]. The most important risk con-
cerns infections, particularly opportunistic infections with 
intracellular pathogens, including  M. tuberculosis , histo-
plasmosis, coccidiomycosis, listeriosis, and others. Testing 
for latent tuberculosis is mandatory before initiation of 
therapy. Reactivation of the hepatitis B virus may also 
occur; hence serologies should be evaluated prior to treat-
ment. Other side effects include hepatotoxicity, worsening 
of heart failure, drug-induced lupus, and demyelinating dis-
orders, such as multiple sclerosis and optic neuritis. The 
risk of lymphoma does not appear to be increased [ 104 ]. 
Contraindications to treatment include active infection, 
untreated latent tuberculosis, preexisting demyelinating 
disorder, moderate to severe heart failure, and current or 
recent malignancy. 

 Adalimumab (ADA) is a humanized monoclonal anti-
body against TNF-α, which was approved after IFX. ADA is 
administered by subcutaneous injections of 160 mg at week 
0 and 80 mg at week 2 for induction, followed by 40 mg 
every other week for maintenance. 

 Two small, open-label studies demonstrated that ADA 
was well tolerated and benefi cial for patients with UC includ-
ing those who had lost response or had developed intolerance 
to IFX [ 105 ,  106 ]. More recently, two large RCTs evaluated 
the effi cacy of ADA in moderate to severe UC. A multicenter 
RCT was conducted in North America and Europe in anti-
TNF- naïve patients who received ADA 160/80 (160 mg at 
week 0, 80 mg at week 2, 40 mg at weeks 4 and 6), ADA 
80/40 (80 mg at week 0, 40 mg at weeks 2, 4, and 6), or pla-
cebo [ 107 ]. More patients were in remission at week 8 in the 
ADA 160/80 group compared to placebo (18.5 % vs. 9.2 %). 
There was no difference between the ADA 80/40 group com-
pared to placebo (10.0 % vs. 9.2 %). The second RCT evalu-
ated ADA for the induction and maintenance of clinical 
remission in 494 patients who had moderate to severe UC 
and an inadequate response to corticosteroids and/or immu-
nosuppressants [ 108 ]. Remission rates were higher in the 
ADA group than in the placebo group at week 8 (16.5 % vs. 

9.3 %) and week 52 (17.3 % vs. 8.5 %). Remission rates 
were lower in patients who had previously received an 
 anti- TNF agent versus those who were anti-TNF naïve. 
Rates of serious adverse events were similar between ADA 
and placebo groups in both studies. 

 ADA is an option in patients who have experienced loss 
of response to IFX due to the development of antibodies 
against IFX. ADA may be preferred over IFX by some 
patients due to its subcutaneous administration. Recent 
 regulatory approval of golimumab offers another treatment 
option for patients with ulcerative colitis. 

 Golimumab is a newer, fully human, subcutaneously 
administered anti-TNF antibody. A randomized placebo-
controlled trial evaluated induction therapy with golimumab 
in anti-TNF-α-naïve patients with moderate to severe ulcer-
ative colitis [ 144 ]. Patients had a Mayo Score of 6–12 points 
(with an endoscopic subscore≥2 points) and had failed con-
ventional medical therapy with oral mesalamine, oral corti-
costeroids, and AZA/6-mercaptopurine, or had been unable 
to taper corticosteroids without recurrence of disease activ-
ity. Golimumab was more effi cacious than placebo in induc-
ing clinical response, clinical remission and mucosal healing 
at week 6, and in improvising quality of life [ 144 ]. Responders 
from this trial were eligible for the subsequent, 52-week-
long maintenance trial [ 145 ]. Golimumab was more effi ca-
cious than placebo in maintaining clinical response and 
remission and in achieving mucosal healing and corticosteroid-
free clinical remission [ 145 ].  

    Other Medical Therapies 

 Controlled trials of antibiotics have demonstrated no thera-
peutic benefi t when added to intravenous steroids [ 109 ,  110 ]. 
However, protocols outlining treatment regimens for severe 
colitis generally include broad-spectrum antibiotics for 
patients with signs of toxicity or with worsening symptoms 
despite maximal medical therapy [ 111 ]. Nicotine transder-
mal patches are effective in active UC, though less so than 
5-ASA [ 112 – 114 ]. There is no evidence for its use as main-
tenance therapy. Side effects include lightheadedness, der-
matitis, and nausea. 

 Two RCTs found the probiotic preparation VSL#3 
(a combination of eight live, freeze-dried bacterial strains, 
including four strains of  Lactobacilli , three strains of 
 Bifi dobacterium    , and  Streptococcus thermophilus ) effective 
in inducing remission in UC patients failing oral 5-ASA 
[ 115 ,  116 ]. The evidence on other probiotics is more limited. 
Antidiarrheal agents are useful in decreasing diarrhea but are 
contraindicated in severe disease given the risk of toxic 
megacolon. Dietary arachidonic acid may play a role in the 
development of UC [ 117 ]. However, at the present time, 
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there is no recommended diet specifi c for UC patients. 
Physicians may suggest that their patients identify foods that 
aggravate their disease and eliminate them from their diet. 
Controlled studies of total parenteral nutrition (TPN) for 
patients with severe colitis have shown no benefi t, so that 
TPN is limited to patients who are unable to eat or have 
 signifi cant malnutrition [ 118 ,  119 ].  

    Goals of Therapy 

    Clinical Remission 

 Traditionally, the treatment goal in UC has been the induc-
tion and maintenance of steroid-free clinical remission with 
complete resolution of symptoms. Partial clinical response 
and reduction in the need for corticosteroids have also been 
used as endpoints. Symptom-based indices of activity may 
be used to monitor patients’ response to treatment but are 
infl uenced by symptoms that are subjective and scoring 
which may be nonuniform [ 120 ].  

    Quality of Life 

 Improved quality of life is an additional goal of UC therapy. 
In addition to bowel symptoms, UC produces constitutional 
and extraintestinal symptoms and affects multiple dimensions 
of patients’ lives, including interpersonal relationships, emo-
tional state, work productivity, sexual health, and reproduc-
tion decisions. Patient perception of the disease is often 
incongruent with the physician’s perspective, possibly due to 
variability in symptoms, the waxing and waning nature of 
UC, and incomplete disclosure of symptoms to the physician. 
The most common quality of life measure is the McMaster 
Infl ammatory Bowel Disease Questionnaire (IBDQ), which 
is available in long form and short form [ 121 ,  122 ]. The long 
form is a 32-item questionnaire used in many study trials. The 
short form consists of ten questions regarding social, emo-
tional, bowel, and systemic measures of health and is more 
ideal for clinical use to monitor patients’ quality of life.  

    Prevention and Management of Complications 

 An important goal of UC therapy is the prevention and man-
agement of disease and drug-related complications. These 
include anemia, venous thromboembolism, CRC, and the 
toxicity of steroids and other agents. Anemia is a common 
but surprisingly undertreated complication [ 123 – 125 ]. 
Successful treatment of iron-defi ciency anemia correlates 
with improved quality of life [ 126 ,  127 ]. Multiple large 
s tudies have demonstrated that IBD patients have a 1.5- to 
 3.5- fold higher risk of venous thromboembolism when 

 compared with non-IBD patients [ 128 ]. The Adult IBD 
Physician Performance Measures Set developed by the AGA 
includes a measure on prophylaxis for venous thromboem-
bolism in IBD inpatients [ 24 ]. Although the incidence of 
CRC is increased in the UC population, emerging data sug-
gest that risk may be declining, possibly as a result of sur-
veillance and more effective therapies [ 129 ,  130 ]. Medication 
toxicity is minimized by patient education and appropriate 
clinical and laboratory monitoring.  

    Mucosal Healing 

 Demonstration of endoscopic remission was historically not 
necessary if a patient was asymptomatic. As demonstration 
of mucosal healing is proof of concept that a drug is effective 
in UC, assessment of healing has been a secondary endpoint 
in recent phase II and phase III RCTs. However, there is 
ongoing debate as to whether mucosal healing should also 
constitute an endpoint in clinical practice. 

 Endoscopic healing has been associated with improved 
long-term outcomes, such as lower rates of relapse and col-
ectomy, decreased steroid use, and improved quality of life 
[ 131 – 136 ]. Besides endoscopic assessment, mucosal healing 
can also be assessed histologically. Increased histologic 
infl ammation has been associated with higher rates of 
relapse, hospitalization, and colectomy [ 137 ,  138 ]. However, 
at the present time, management driven by endoscopic and/
or histologic disease assessment cannot be recommended 
over management based on simple clinical assessment: 
There is a good correlation between clinical and endoscopic 
disease assessment [ 131 ,  139 ]; endoscopy with biopsies is 
expensive; and there is no evidence that, in patients in clini-
cal remission but with persistent endoscopic or histologic 
infl ammation, escalation of therapy improves outcomes in a 
cost-effective manner. 

 Endoscopic and histologic assessment may have a role in 
stratifying the risk of colorectal (CRC) cancer. The risk of 
CRC in UC is increased in patients with endoscopic and his-
tologic evidence of active infl ammation or evidence of 
chronic injury (such as colonic strictures, or a foreshortened 
or tubular colon) [ 140 – 142 ]. Incorporating these fi ndings, 
the British Society of Gastroenterology has recommended 
surveillance at 5-year intervals in low-risk patients, includ-
ing those without endoscopic/histological active infl amma-
tion on the previous colonoscopy [ 143 ].   

    Conclusions 

 Ulcerative colitis is a life-long disease portending decades of 
potential morbidity. Effective management requires educa-
tion and empowerment of patients and a coordinated 
 healthcare system involving primary care physicians, 
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 dedicated IBD teams, and other subspecialists. The selection 
of medical therapy must take into account the severity and 
extent of the patient’s disease but also suit the patient’s life-
style and treatment goals. 

 5-ASA is fi rst-line therapy in patients with UC and dosing 
should be maximized with incorporation of topical formula-
tions whenever tolerated. Corticosteroids are only indicated 
for induction therapy and should be tapered as soon as 
 clinical remission is established. Maintenance therapy with 
immunomodulators should be considered in steroid- 
dependent UC as well as in patients with frequent fl ares, but 
may require up to 4 months to reach full effectiveness. Tumor 
necrosis factor antagonists are used (with or without con-
comitant immunomodulators) in steroid-dependent or refrac-
tory UC. These agents, as well as cyclosporine, are options 
for patients failing intravenous steroids and wishing to avoid 
colectomy in the short term. 

 Besides the induction and maintenance of clinical remis-
sion, the goals of treatment include improved quality of life 
and prevention of complications. It is premature to regard 
mucosal healing as a therapeutic goal in daily clinical prac-
tice. The medical therapy of UC patients requires a multifac-
eted, patient-centered approach that takes into account 
individual patient preferences.     
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        Introduction 

 Ulcerative colitis (UC) is an idiopathic condition of the 
colon, in which acute and chronic infl ammation results in an 
injured bowel. Chronic infl ammatory damage, confi ned 
exclusively to the mucosa of the colorectum, is the hallmark 
of the disease. The infl ammation is characteristically superfi -
cial in nature and appears to begin in the rectum with vari-
able extension to more proximal portions of the colon. This 
infl ammation, and subsequent loss of function, is the mecha-
nism underlying the typical symptoms of UC. Although 
there may be more systemic symptoms, the majority of the 
symptoms of UC are derived from an infl amed rectum and 
due to loss of compliance of the rectum, loss of sensation of 
stool, as well as symptoms of tenesmus incomplete evacua-
tion, urgency, and bleeding with hematochezia. The healed 
bowel can result in the resolution of symptoms and has been 

associated with disease control and resolution, but traditional 
clinical assessment of UC involves symptom management 
primarily, with the assumption that when bleeding and 
urgency are improved, adequate disease control has been 
achieved. However, resolution of bowel infl ammation is not 
always manifest as improved or resolved symptoms, and 
improved symptoms are not always associated with a healed 
bowel or durable disease control. This chapter reviews the 
importance of musical healing as a prognostic marker and 
therapeutic endpoint in UC.  

    Endoscopic Scoring of Mucosal 
Infl ammation in UC 

 The description of infl ammation in UC varies from mild 
mucosal disruption with loss of vascularity and some edema 
to more signifi cant diffuse infl ammation, with mucopus or 
even diffuse ulcerations and areas of complete loss of the 
mucosa. An additional feature of active mucosal infl amma-
tion in UC is contact friability or spontaneous bleeding. 
Although traditionally described as diffuse in its extent and 
involvement, some patchiness to the endoscopic appearance 
may be seen during disease onset or with partial treatment by 
medical therapy (Fig.  5.1 ).

   In an effort to quantify the degree of infl ammation, a 
number of different clinical, endoscopic, and composite 
scoring systems have been developed over time (Table  5.1 ). 
Most frequently embraced is the so-called Mayo endoscopic 
subscore, which was developed from the previously pub-
lished “Baron score” and modifi ed in order to be part of a 
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composite index (the “Mayo score”) for the clinical trials of 
delayed-release mesalamine [ 1 ]. In the Mayo endoscopic 
subscore, the endoscopic appearance is rated from 0 to 3 
(Fig.  5.2 ). A score of 0 is termed “normal,” which is defi ned 
as an intact mucosa with a preserved vascular pattern and no 
friability or granularity. A score of 1 represents an abnormal 
appearance but is not grossly hemorrhagic. The mucosa may 

appear erythematous and edematous, and the vascular pat-
tern may appear blunted. A score of 2 is moderately hemor-
rhagic, with bleeding to light touch but without spontaneous 
bleeding seen ahead of the instrument on initial inspection. 
In the traditional Mayo scoring, friability is part of a score of 
1, but in the modifi ed Mayo scoring (as in the clinical trials 
with MMX mesalamine), friability is part of a score of 2. 

  Fig. 5.1    Variable appearances of mucosa in ulcerative colitis       

   Table 5.1    Measuring disease activity in ulcerative colitis   

 Based on clinical and biochemical disease 
activity  Based on endoscopic disease activity 

 Composite clinical and 
endoscopic disease activity 

 Truelove and Witts severity index (TWSI)  Truelove and Witts sigmoidoscopic assessment  Mayo score (DAI) 
 Powell-Tuck index  Baron score  Sutherland index (DAI, UCDAI) 
 Clinical activity index (CAI)  Powell-Tuck sigmoidoscopic assessment 
 Activity index (AI or Seo index)  Rachmilewitz endoscopic index 
 Physician global assessment  Sigmoidoscopic index 
 Lichtiger index (mTWSI)  Sigmoidoscopic infl ammation grade score 
 Investigators global evaluation  Mayo score fl exible proctosigmoidoscopy assessment 
 Simple clinical colitis activity index (SCCAI)  Sutherland mucosal appearance assessment 
 Improvement based on individual symptom 
scores 

 Modifi ed Baron score 

 Ulcerative colitis clinical score (UCCS)  UC endoscopic index of severity (UCEIS) 
 Patient-defi ned remission 

  Adapted from D’Haens G, Sandborn WJ, Feagan BG, Geboes K, Hanauer SB, Irvine EJ, Lémann M, Marteau P, Rutgeerts P, Schölmerich J, 
Sutherland LR. A review of activity indices and effi cacy end points for clinical trials of medical therapy in adults with ulcerative colitis. 
Gastroenterology. 2007 Feb;132(2):763–86 [ 47 ]  
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A score of 3 is termed “severe,” which is defi ned as having 
marked erythema, absent vascular markings, granularity, 
spontaneous bleeding, and ulcerations. In most clinical trials, 
the term “mucosal healing” has been defi ned as a Mayo sub-
score of 0 or 1. The prior defi nitions of mucosal healing have 
had limitations, and there has been interest in clarifying 
endoscopic and histologic defi nitions for future clinical trials 
and disease management paradigms. Therefore, in 2007, the 
International Organization for the Study of Infl ammatory 
Bowel Disease (IOIBD) defi ned mucosal healing as an 
absence of friability, blood, erosions, or ulcerations [ 2 ,  3 ].

    Most recently, Travis and colleagues have described a 
novel UC scoring index of severity, the UCEIS (Ulcerative 
Colitis Endoscopic Index of Severity). In the two-phase 
development study, a library of 670 video sigmoidoscopies 
from patients with composite Mayo scores between 0 and 11 
were supplemented by 10 videos from 5 people without UC 
and 5 patients hospitalized with severely active disease. In 
phase 1, 10 investigators each viewed 16/24 videos to deter-
mine agreement on the Baron score with a central reader and 
agreed defi nitions of 10 endoscopic descriptors. In phase 2, 
30 investigators each rated 25/60 videos for said descriptors 
and assessed overall severity on an analog scale that ranged 
from 0 to 100. The study found a 76 % agreement for severe 
and a 27 % agreement for normal endoscopic appearances. It 
was concluded that the UCEIS accurately predicted the over-
all assessment of endoscopic severity in UC; however, addi-
tional testing and further validity are needed before use in 
clinical practice. 

 For clinical trials, the use of a centralized reader for 
endoscopic scoring is of interest and has demonstrated sig-
nifi cant impact on clinical trial outcomes. Further training 
of gastroenterologists in particular will be necessary in 
order to develop reliable approaches to the use of endo-
scopic mucosal healing as a clinical practice treatment 
 endpoint [ 4 ,  5 ]. 

 Histologic scoring of mucosal healing in UC notably, 
 histologic fi ndings previously have not been part of these 
defi nitions of mucosal healing in UC. The IOIBD also 
defi ned the two histologic patterns that are consistent with 

remission. The fi rst is demonstration of chronic infl ammation 
in the lamina propria with regular or irregular glands. The 
second is a lack of infl ammation with an atrophic glandular 
pattern with short crypts, glands with lateral buddings, 
dichotomic glands, or an apparently normal glandular pat-
tern [ 3 ]. Numerous methods of classifying histologic activity 
have been proposed, but despite emerging interest by regula-
tory bodies, these scales have not been validated as clinical 
trial endpoints or for clinical practice [ 6 ]. There remain 
numerous unanswered questions about whether histologic 
healing or remission can be a realistic treatment goal for the 
majority of patients [ 6 ,  7 ].  

    Why Mucosal Healing Is Important in UC 

 Although the obvious connection between the status of the 
mucosal infl ammation and the condition of the patient with 
UC has long been recognized, it has only been in recent 
years that a therapeutic goal of mucosal healing could be 
entertained. This is due to the ability to measure mucosal 
injury in easier ways, emerging data on clinical outcomes 
associated with degrees of mucosal infl ammation, and the 
development of many therapies that offer methods of healing 
the mucosa in patients with UC [ 2 ]. It is also due to the 
appreciation that symptoms similar to active UC can be 
mimicked by the presence of irritable bowel syndrome or, 
possibly, injury to the mucosa and submucosa from prior 
infl ammation and chronic changes that occur. In addition, 
the emerging clinical goal of endoscopic mucosal healing 
enables further distinction from other conditions such as 
infections, which also may produce confounding symptoms. 
Therefore, the adoption of mucosal healing as a therapeutic 
goal theoretically can reduce the diagnostic reliance on sub-
jective clinical characteristics. Such a therapeutic endpoint 
also clarifi es response to therapy, so that therapeutic adjust-
ments are made with more accurate information. Finally, 
emerging evidence demonstrates that endoscopic mucosal 
healing is associated with improved short- and long-term 
outcomes in UC (Table  5.2 ).

  Fig. 5.2    Representative photos of the Mayo endoscopic subscore. Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-aminosalicylic acid 
therapy for mildly to moderately active ulcerative colitis. A randomized study. N Engl J Med. 1987 Dec 24;317(26):1625–9 [ 46 ]       
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   Histologic and endoscopic infl ammatory activity has been 
shown to be associated with higher rates of disease relapse in 
UC. Riley and colleagues evaluated 82 ulcerative colitis 
patients who were in remission to see if histologic infl amma-
tion during remission predicted relapse. Each of the 82 
patients were in clinical remission and had rectal biopsies 
obtained at the beginning of the trial. They were then main-
tained on sulfasalazine or mesalamine and followed for clini-
cal relapse. The investigators found that a number of 
histologic fi ndings predicted clinical relapse. The histologic 
fi ndings predictive of clinical relapse at 12 months were 
acute infl ammatory cell infi ltrate, crypt abscesses, mucin 
depletion, and breached surface epithelium [ 8 ]. A more 
recent study by Meucci and colleagues determined that 
endoscopic mucosal infl ammation during clinical remission 
predicted disease relapse. The investigators induced clinical 
remission in ulcerative colitis patients with mesalazine and 
then performed colonoscopy at 6 weeks of treatment. Patients 
who had achieved both endoscopic and clinical remission by 
week 6 had a signifi cantly lower rate of disease relapse in the 
following 12 months (23 %) than patients who achieved clin-
ical remission alone (80 %,  p  < 0.01) [ 9 ]. 

 Active endoscopic infl ammation and mucosal healing are 
also predictive of rates of surgery. Carbonnel and colleagues 
performed endoscopy on 85 patients with active UC. They 
found that 93 % of patients with endoscopically severe disease 
(defi ned as deep/extensive ulcers, mucosal detachment, large 
mucosal abrasions, or well-like ulcers) required subsequent 
colectomy compared to 23 % of the patients with endoscopi-
cally moderately active disease (superfi cial ulcers, deep but 
not extensive ulcers) [ 10 ]. Additional evidence was described 
by Frøslie and colleagues in the study of a Norwegian obser-
vational cohort. Patients were enrolled and had follow-up 
colonoscopies 1 and 5 years after enrollment.    Of the 354 
patients who completed the follow-up, those who had achieved 
mucosal healing after the 1-year colonoscopy were less likely 
to undergo colectomy by the 5-year follow- up, regardless of 
treatment exposure (in other words, the healing itself was pre-
dictive of the outcome, not how they achieved it). The relative 
risk of having a colectomy in the patients with mucosal heal-
ing was 0.22 (95 % CI: 0.06–0.79) [ 11 ]. 

 Increased histologic infl ammatory activity is also associ-
ated with a higher risk of cancer and dysplasia. Rutter and 
colleagues fi rst published a case-control study to evaluate the 

association between severity of infl ammation on surveillance 
colonoscopy and later development of colonic dysplasia. 
Univariate analysis demonstrated that both endoscopic and 
histologic infl ammation were associated with an increased 
risk for dysplasia and colorectal cancer. After controlling for 
other explanatory variables, only histologic infl ammation 
was signifi cantly associated with an increased risk for dys-
plasia or colorectal cancer. For each one-unit increase in the 
histologic score, the odds of colorectal neoplasia increased 
by a factor of 4.69 (95 % CI: 2.10–10.48,  p  < 0.001) [ 12 ]. 
Gupta and colleagues also reviewed a cohort of 418 patients 
and assessed their histologic activity scores, as reported by 
their pathologists. Univariate analysis found that mean, max-
imal, and cumulative severity of histologic infl ammation was 
associated with signifi cant risk for developing advanced neo-
plasia [ 13 ]. Rubin and colleagues performed a case-control 
study with 59 cases of colorectal neoplasia matched to 141 
controls, with prospective regrading of the degrees of histo-
logic infl ammation by two expert pathologists. We created a 
novel expanded histologic grading scale, in order to capture 
more detail at the lower end of the scale, and included “nor-
malization” of biopsies as well. On multivariate analysis, 
mean histologic activity index score over the surveillance 
period was signifi cantly associated with colorectal neoplasia 
risk (as was male sex). For each one-unit increase in histo-
logic activity index score, there was an adjusted odds ratio of 
3.68 (95 % CI, 1.69–7.98;  p  = 0.001) [ 14 ]. These studies all 
demonstrate that increased infl ammation over time is a spe-
cifi c and independent risk factor for neoplasia in 
UC. However, while these studies suggest that altering the 
course of infl ammation may change the likelihood of cancer, 
there is no direct evidence of this point, and prospective stud-
ies to measure such an endpoint will be diffi cult to perform. 
Nonetheless, the British Society of Gastroenterology has 
incorporated a stratifi cation scheme for intervals of surveil-
lance colonoscopy based on the presence of infl ammation 
during the exam [ 15 ].  

    Achieving Mucosal Healing 
with Therapy in UC 

 There are multiple therapeutic avenues by which to achieve 
mucosal healing in UC. The available therapies for UC 
include corticosteroids, 5-aminosalicylic acid derivatives, 
immunomodulators, and biological agents. 

 Interestingly, corticosteroids have been shown to have 
some mucosal healing effect for decades. In 1955, Truelove 
and Witts reported on the use of cortisone in UC. They iden-
tifi ed a signifi cant difference between the group treated with 
oral cortisone and the placebo group, with treated patients 
having a higher likelihood of achieving a normal or near- 
normal appearing bowel on sigmoidoscopy [ 16 ]. In a later 

   Table 5.2    Possible primary and secondary benefi ts of mucosal healing 
in ulcerative colitis   

 Reduction of clinical relapse 
 Reduction in surgical rates 
 Reduction in hospitalization 
 Reduction in neoplasia 
 Improvement in quality of life 
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report, they found similar results with intravenous steroids 
on inducing clinical remission but they did not report on sig-
moidoscopic appearance [ 17 ]. More recent studies of oral 
glucocorticoids include a study by Lofberg and colleagues 
which compared oral budesonide and prednisolone. They 
used the Mayo endoscopic subscore to determine mucosal 
response to therapy. They found that 12 % of patients on 
budesonide and 17 % of patients on prednisolone achieved 
complete endoscopic remission and there was no signifi cant 
difference between the two groups [ 18 ]. These fi ndings must 
be interpreted with the additional knowledge that steroids are 
not effective maintenance therapies in UC and the under-
standing of the mechanism of steroids on the mucosa of UC, 
including the inhibition of prostaglandin synthesis, which 
may in fact impair healing. 

 Many studies have shown that 5-aminosalicylate therapy 
can achieve mucosal healing in UC and the majority have 
used the prior defi nition of a Mayo endoscopic subscore of 0 
or 1. Kamm and colleagues studied mesalazine with Multi 
Matrix System (MMX) technology (Cosmo, Lainate, Italy) 
in patients with mild to moderate ulcerative colitis. They 
determined that 77.6 % of patients on 4.8 g of MMX mesala-
zine daily, 69.0 % of patients on 2.4 g of MMX mesalazine 
daily, and 61.6 % of patients on 2.4 g delayed-release mesa-
lamine three times daily were able to achieve mucosal heal-
ing at 8 weeks of treatment. This was compared to 46.5 % of 
patients on placebo, and mucosal healing was defi ned as a 
modifi ed Sutherland index less than or equal to 1 [ 19 ]. 
A similar study by Lichtenstein and colleagues studied the 
percentage of patients who received clinical and endoscopic 
remission in 8 weeks on MMX mesalamine at a dose of 2.4 g 
twice per day ( n  = 93), 4.8 g once per day ( n  = 94), or placebo 
( n  = 93). This study reported similar results with remission 
achieved by 34.1 % of patients on a twice-daily dose of 
MMX mesalamine 2.4 g, 29.2 % on 4.8 g once daily, and 
12.9 % on placebo [ 20 ]. The combined rate of mucosal heal-
ing in both of these studies was 32.0 % of patients on MMX 
mesalazine 2.4 g daily and 32.2 % of patients on MMX 
mesalazine 4.8 g daily, compared 15.8 % of patients in the 
placebo group [ 21 ]. 

 In the ASCEND I study, Hanauer and colleagues reported 
that oral delayed-release mesalamine induced complete 
remission in 46 % and 36 % of patients with mild to moderate 
ulcerative colitis for 4.8 g daily and 2.4 g daily, respectively 
[ 22 ]. The ASCEND II study again compared delayed-release 
mesalamine in 4.8 g daily or 2.4 g daily formulations, limited 
to patients with moderately active ulcerative colitis. The study 
found that 20.2 % of the patients on 4.8 g daily and 17.7 % of 
the patients on 2.4 g daily were able to achieve complete 
remission [ 23 ]. These studies reported patients who achieved 
complete remission, which required both endoscopic and 
clinical remission, but did not report on the subset that 
achieved mucosal healing. A combined analysis of patients 

with moderate ulcerative colitis from ASCEND I and 
ASCEND II showed mucosal healing (a score of 0 or 1) at 
week 3 in 65 % of patients receiving 4.8 g daily of delayed-
release mesalazine and 58 % of patients receiving 2.4 g daily. 
At week 6 they found that mucosal healing rates were signifi -
cantly higher in patients receiving 4.8 g daily than 2.4 g daily 
(80 % vs. 68 %,  p  = 0.012) [ 24 ]. In a subsequent post hoc 
analysis, Lichtenstein and colleagues reviewed the mucosal 
healing rates of the ASCEND trials when a Mayo endoscopic 
subscore of 0 was used and found that the healing rates were 
substantially lower in those treated with delayed-release 
mesalamine 2.4 g per day versus 4.8 g/day [ 24 ]. 

 In another report, Kruis and colleagues studied once-daily 
dosing of mesalazine versus three times daily dosing in 
patients with ulcerative colitis [ 25 ]. In this study they mea-
sured mucosal healing by a Rachmilewitz endoscopic index 
of less than 4. Patients achieved mucosal healing in 71 % 
with once-daily dosing of mesalazine and 70 % of patients 
with three times daily dosing. These studies show that 5-ASA 
compounds, despite their different formulations, are capable 
of inducing mucosal healing (albeit with variable defi nitions) 
at signifi cant rates for mild to moderate ulcerative colitis. 

 There is much less evidence regarding the immunomodu-
lators, azathioprine and 6-mercaptopurine. Ardizzone and 
colleagues compared the effi cacy of azathioprine to oral 
5-aminosalicylic acid for inducing remission in steroid- 
dependent ulcerative colitis. They found that 53 % of patients 
taking azathioprine achieved both clinical and endoscopic 
remission compared to 19 % of patients taking oral 
5- aminosalicylic acid ( p  = 0.006). Additionally, they found 
that the mean Baron index score for endoscopic activity was 
signifi cantly lower in the azathioprine group compared to the 
5-aminosalicylic acid group at the 3- and 6-month follow-up 
[ 26 ]. Paoluzi and colleagues also performed a trial of aza-
thioprine without a comparison group. They found that 
68.7 % of patients achieved endoscopic remission as defi ned 
by a Baron index score of 0 [ 27 ]. These studies suggest that 
mucosal healing is achievable with azathioprine, but the 
results are not directly comparable to other therapies and the 
exact rate of healing is not known. 

 The clinical trials of tumor necrosis factor alpha inhibi-
tors have shown that they are capable of inducing mucosal 
healing (Table  5.3 ). In contrast to the varied defi nitions of 
mucosal healing that studies of the other classes have used, 
the biologic therapy trials used a Mayo endoscopic subscore 
of 0 or 1 to defi ne mucosal healing. Infl iximab was found in 
the ACT 1 and ACT 2 trials to achieve mucosal healing at 
week 8 at rates of 16.5 % on adalimumab versus 9.3 % on 
placebo. Among those who were anti-TNF-α naïve com-
pared to those who had previously received anti-TNF agents, 
the rates of remission at week 8 were 21.3 % on adalimumab 
and 11 % on placebo, and 9.2 % on adalimumab and 6.9 % 
on placebo, respectively. The signifi cant difference between 
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infl iximab dosed at 5 mg/kg, 10 mg/kg, and placebo was also 
demonstrated at weeks 30 and 54 [ 28 ]. In a follow-up post 
hoc analysis, Colombel and colleagues showed that achiev-
ing Mayo endoscopy score of 0 or 1 was associated with a 
reduction in colectomy [ 29 ].

   There is also evidence that adalimumab can induce muco-
sal healing. The ULTRA 1 study was a randomized con-
trolled trial of adalimumab in moderate to severe ulcerative 
colitis. The results of the induction phase were reported by 
Reinisch and colleagues. They found that there were no sta-
tistically signifi cant differences between the rates of mucosal 
healing for adalimumab dosed 160 mg followed by 80 mg, 
adalimumab dosed 80 mg followed by 40 mg, and placebo 
[ 30 ]. This negative result was likely due to an unexpectedly 
high rate of mucosal healing in the placebo group. In the 
follow-up study of ULTRA 1, all patients were placed on 
adalimumab following induction, whether or not they had 

received adalimumab or placebo. They found that 36.5 % of 
all patients in the study achieved mucosal healing by week 
52 [ 31 ]. The ULTRA 2 study was a double-blinded, random-
ized, placebo-controlled trial of adalimumab. Mucosal heal-
ing was achieved in 41.1 % of patients receiving adalimumab 
at week 8, compared to 31.7 % of patients receiving placebo 
( p  = 0.032). At week 52, 25 % of patients receiving adalim-
umab had achieved mucosal healing, compared to 15.4 % of 
patients receiving placebo ( p  = 0.009) [ 32 ]. In addition to inf-
liximab and adalimumab, a recent phase 2/3 randomized, 
placebo-controlled trial of golimumab showed that patients 
were able to achieve mucosal healing using this new TNF- 
inhibitor therapy. Sandborn and colleagues reported in the 
PURSUIT-SC study the results of golimumab induction. 
They found a signifi cant difference in the rate of mucosal 
healing with 42.3 % of patients receiving the 200 mg/100 mg 
induction dosing ( p  = 0.0014) and 45.1 % of patients 

   Table 5.3    Mucosal healing rates from trials of biologic therapies for ulcerative colitis   

 Drug  Clinical trial  Reported rates of mucosal healing a  

 Infl iximab  ACT1  5 mg  10 mg  Placebo 
 8 weeks  62.00 %  59.00 %  33.90 % 
  p  value  <0.001  <0.001 
 30 weeks  50.40 %  49.20 %  24.80 % 
  p  value  <0.001  <0.001 
 54 weeks  45.50 %  46.70 %  18.20 % 
  p  value  <0.001  <0.001 

 ACT2  5 mg  10 mg  Placebo 
 8 weeks  60.30 %  61.70 %  30.90 % 
  p  value  <0.001  <0.001 
 30 weeks  46.30 %  56.70 %  30.10 % 
  p  value  0.009  <0.001 

 Adalimumab  ULTRA2  160 mg/80 mg/40 mg  Placebo 
 8 weeks  41.10 %  31.70 % 
  p  value  0.032 
 52 weeks  25.00 %  15.40 % 
  p  value  0.009 

 Golimumab  PURSUIT-SC  400 mg/200 mg  200 mg/100 mg  Placebo 
 6 weeks  45.10 %  42.30 %  28.70 % 
  p  value  <0.0001  0.0014 

 PURSUIT-M  100 mg  50 mg  Placebo 
 54 weeks  43.50 %  41.80 %  26.90 % 
  p  value  0.002  0.011 

 Vedolizumab  GEMINI-1  300 mg  Placebo 
 6 weeks  40.90 %  24.80 % 
  p  value  0.001 
 52 weeks, dosing every 8 weeks  41.80 %  15.90 % 
  p  value  <0.001 
 52 weeks, dosing every 4 weeks  44.80 %  15.90 % 
  p  value  <0.001 

   a Mucosal healing was defi ned as a Mayo endoscopic subscore of 0 or 1 for each study included. Dosing schedules are indicated by the fi rst dose, 
followed by the second and third doses if necessary as reported in the individual studies. Results are reported at various time points after initiating 
therapy and are accompanied below by their respective  p  value for comparison with placebo  
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 receiving the 400 mg/200 mg induction dosing ( p  < 0.0001) 
 compared to 28.7 % of patients receiving placebo had 
achieved mucosal healing at week 6 [ 33 ]. In the follow-up 
PURSUIT-M study, Sandborn and colleagues reported sig-
nifi cantly higher rates of patients achieving mucosal healing 
at both 30 and 54 weeks for golimumab than placebo [ 34 ]. 
The patients on golimumab 100 mg achieved mucosal heal-
ing at a rate of 42.4 % compared to 26.6 % with placebo 
( p  = 0.002). As well, patients on golimumab 50 mg achieved 
mucosal healing at a rate of 41.7 % ( p  = 0.011). 

 A new class of biologic medication for ulcerative colitis 
blocks the leukocyte traffi cking from the endothelium to the 
bowel. Vedolizumab is a humanized monoclonal antibody 
against the alpha-4-beta-7 integrin. In the GEMINI 1 trial, 
vedolizumab was found to be capable of inducing mucosal 
healing in ulcerative colitis [ 35 ]. The defi nition of mucosal 
healing was the same as in the prior studies of TNF inhibi-
tors, a Mayo endoscopic subscore of 0 or 1. After induction 
with vedolizumab, 40.9 % of patients achieved mucosal 
healing, compared to 24.8 % of patients in the placebo arm 
( p  = 0.001). Maintenance with vedolizumab was also found 
to have higher rates of mucosal healing. Vedolizumab dosed 
every 8 weeks achieved mucosal healing in 51.6 % at 52 
weeks of treatment, compared to 56.0 % if it was dosed every 
4 weeks, and 19.8 % of the patients in the placebo arm. Both 
dosing regimens were signifi cantly different from placebo 
( p  < 0.001 and  p  < 0.001, respectively), but not statistically 
signifi cant between each other.  

    Challenges to the Adoption of Mucosal 
Healing into Clinical Practice 

 The next challenge in mucosal healing is incorporating this 
new knowledge into clinical practice and addressing barriers 
to adopting mucosal healing as a goal for therapy. The evi-
dence presented in the previous sections supports the idea 
that those who achieve mucosal healing would have better 
outcomes. However, these studies were not performed to 
compare therapeutic strategies. Currently, there is no pro-
spectively collected evidence that targeting mucosal healing 
provides a benefi t over treating to symptoms and only some 
emerging information that it can be systematically achieved 
as a desired clinical endpoint. Additionally, there are impor-
tant management concerns that have yet to be answered. 
First, it is unclear if mucosal healing is an achievable end-
point for the majority of patients. Second, there is unclear 
risk or cost to performing serial endoscopic exams to deter-
mine response to therapy. And, importantly, patients’ will-
ingness to undergo more frequent invasive testing has not 
been investigated. 

 One of the challenges is that the correlation between 
mucosal healing and clinical remission is not perfect. 

Mismatch between symptoms and endoscopic appearance 
can occur when a patient feels well but has endoscopic 
infl ammation greater than a Mayo endoscopic subscore of 1 
or when a patient is still experiencing symptoms despite a 
Mayo endoscopic subscore of 1 or 0. The choice to adjust 
therapy based on endoscopic appearance when a patient feels 
well requires consideration of the risks incurred by the 
change in therapy and the risk of not achieving mucosal heal-
ing despite such therapy adjustments. While there is retro-
spective evidence to support the long-term benefi ts of having 
achieved mucosal healing during the course of treatment, 
there is not a complete understanding of the near-term risks 
associated with this pursuit. More frequent invasive testing 
to assess the status of the mucosa and increased exposure to 
higher intensity therapies and their side effects are primary 
concerns that may adversely affect quality of life in the near 
term, particularly if the patient is symptomatically well. The 
converse may have implications for management too, 
although scoping a patient who is still symptomatic but is 
found to have mucosal healing is the standard of practice in 
the course of evaluating an actively symptomatic patient. 

 There is evidence that mismatch between symptoms and 
mucosal healing is a common clinical problem. The ACT1 
trial found a poor correlation between mucosal healing and 
clinical remission [ 28 ]. There are two potential explanations 
for this observation. First is that the use of a broader defi ni-
tion of mucosal healing (a Mayo endoscopic subscore of 0 or 
1) leads to inclusion of patients in the mucosal healing group 
who actually have clinically active disease. The groups might 
have appeared more similar if mucosal healing was defi ned 
as a Mayo endoscopic subscore of 0 rather than 0 or 1. The 
second potential explanation is that patients who achieved 
mucosal healing were experiencing overlap symptoms from 
irritable bowel syndrome, the side effects from therapy, or 
another diagnosis, all of which may confound their clinical 
appearance. 

 The gold standard for determining the presence or 
absence of mucosal healing remains endoscopic evaluation. 
Endoscopy is an invasive test that can provide signifi cant 
information about the activity of a patient’s disease. 
However, endoscopy requires signifi cant resources, entails 
risk of patient morbidity, and is limited by interoperator 
variability [ 36 ]. 

 Alternatives to endoscopy for the detection of mucosal 
healing are being investigated and becoming more widely 
available to practitioners. The most commonly encountered 
is a stool test for the quantity of calprotectin. Calprotectin is 
a prevalent cytosolic protein in granulocytes. The presence 
of calprotectin in the stool is proportional to neutrophil 
migration to the gastrointestinal tract and also proportional 
to the degree of infl ammation [ 37 ]. Lobaton and colleagues 
tested a quantitative test for fecal calprotectin and investi-
gated its correlation with endoscopic infl ammation. Using a 
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280 microgram per gram level, they found a sensitivity of 
75.4 % and a specifi city of 89.1 % for the presence of muco-
sal healing [ 37 ]. 

 Another noninvasive and easily accessible test is the mea-
surement of serum C-reactive protein (CRP) levels. CRP 
production by hepatocytes increases under conditions of 
infectious stimuli, infl ammatory diseases, neoplasia, and 
stress among others. While a strong CRP response has been 
seen in certain infl ammatory conditions such as Crohn’s dis-
ease and rheumatoid arthritis, other conditions like ulcerative 
colitis produce a much milder effect [ 38 ]. The reason for this 
discrepancy is not yet known. Therefore, the assessment of 
CRP levels should not be solely used to determine the sever-
ity of mucosal infl ammation. 

 Because of its utility as a noninvasive marker of infl am-
mation and the studies showing that mucosal healing can 
predict clinical course, investigators have been testing the 
ability of calprotectin levels to make similar predictions. 
Recently, Lasson and colleagues tested fecal calprotectin 
levels in the stool of patients at 3 months after being diag-
nosed with ulcerative colitis and starting treatment. They 
found that a fecal calprotectin level of 169 micrograms per 
gram at 3 months after diagnosis predicted those patients 
who would have more active disease over the following year 
with a sensitivity of 64.4 % and a specifi city of 70.8 %. 
Similarly, a fecal calprotectin level of 262 micrograms per 
gram predicted those patients who would have more active 
disease over the 2- and 3-year follow-up period. The sensi-
tivity and specifi city of a cutoff of 262 micrograms per gram 
were 51 % and 81.8 % at 2 years and 52.2 % and 85.9 % at 3 
years [ 39 ]. As well, elevated fecal calprotectin levels seem to 
be able to predict patients at higher risk of disease relapse 
[ 40 ,  41 ]. De Vos and colleagues studied fecal calprotectin 
levels in patients receiving treatment with infl iximab. 
Patients with an 80 % decrease in fecal calprotectin level 
between the baseline measurement and the measurement at 2 
weeks or a calprotectin level of less than 50 mg/kg at 2 weeks 
after initiating therapy were found to have achieved mucosal 
healing at week 10 of therapy with infl iximab with a sensitiv-
ity of 54 % and specifi city of 67 % [ 42 ]. In a separate study 
of patients receiving infl iximab, they found that those 
patients who achieved deep remission at 52 weeks had con-
sistently very low levels of fecal calprotectin throughout the 
follow-up period. Additionally, two consecutive fecal calpro-
tectin levels greater than 300 micrograms per gram 1 month 
apart was predictive of disease relapse while on treatment 
with a sensitivity of 61.5 % and specifi city of 100 % [ 43 ]. 

 Fecal calprotectin is an important addition to the manage-
ment of ulcerative colitis, but it does have limitations. The 
ability to distinguish active ulcerative colitis from irritable 
bowel syndrome symptoms is one of the important strengths 
of using endoscopy to monitor for mucosal healing. Studies 
have shown that fecal calprotectin is not able to differentiate 

irritable bowel syndrome symptoms from ulcerative colitis 
[ 44 ,  45 ]. As well, as demonstrated by the study by Lobaton 
and colleagues, the test characteristics are good, but the test 
is not completely able to rule in the presence of mucosal 
healing or rule out its absence [ 37 ]. As a result, if one were 
to use fecal calprotectin instead of endoscopic evaluation for 
monitoring disease activity, there would be patients who 
have achieved mucosal healing that have a negative test and 
patients who have not achieved mucosal healing who have a 
positive test. Additionally, the various test characteristics of 
fecal calprotectin for predicting clinical course are not strong 
enough to be relied upon with complete certainty [ 40 – 43 ]. 
They may be able to help guide physician expectations but 
should be considered within the clinical context.  

    Integrating Mucosal Healing into Current 
UC Management 

 With the therapeutic goal of mucosal healing, an effi cient, 
practical algorithm for assessing disease response begins 
with baseline assessment of disease activity. This can be 
done with the initial endoscopic evaluation. This baseline 
evaluation can be paired with a surrogate marker, such as 
CRP if the patient manifests an elevated level, or fecal 
calprotectin. 

 After the initial assessment, the fi rst choice of therapy can 
be based on existing practices and standards for starting 
medical management of the disease. The therapeutic trial of 
this initial management is monitored for approximately 3–6 
months, with the time to reassessment varying based on the 
clinical trial data (approximately 3 months for anti-TNF 
therapies or mesalamine and 6 months for azathioprine/6- 
mercaptopurine). After this monitoring period, the disease 
activity is reassessed with either endoscopic evaluation or 
with surrogate marker testing. 

 If the endoscopy does not reveal mucosal healing, or the 
surrogate marker is not consistent with mucosal healing, the 
next steps are discussed with the patient in a shared decision- 
making approach. As was previously discussed, the decision 
to change management based on objective fi ndings can be 
complicated when the subjective disease activity is discor-
dant. In a subset of patients who do not achieve mucosal 
healing but who do have symptomatic relief, there may be 
resistance to escalating beyond therapy that the patient per-
ceives as being effective. For these patients, a comprehensive 
evaluation of their comorbidities, disease course, and psy-
chosocial factors will help guide discussion. For some 
patients, the potential reduction in colorectal dysplasia or 
potential for reduction in hospitalizations may be signifi cant 
enough to outweigh the risks of increasing medical therapy. 

 If the endoscopic evaluation reveals mucosal healing, or 
the surrogate marker is consistent with mucosal healing, then 
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regular clinical follow-up is recommended. During these 
follow-up visits, disease stability can be measured using 
standard clinical criteria. After a period of 6–12 months of 
disease monitoring, the next step is reassessment of disease 
activity by endoscopy or surrogate marker. Clinical disease 
monitoring may be complicated by scenarios in which the 
patient has objectively achieved mucosal healing, but the dis-
ease symptoms are still present. Similar to the converse situ-
ation, this will require the clinician to pursue alternative 
diagnoses that can complicate UC. As well, the clinician 
must have a discussion with the patient about therapeutic 
options and the reasoning for not escalating therapy in the 
face of signifi cant symptoms.  

    Summary 

 Objective assessment of mucosal infl ammation is clearly 
associated with improvement in short-term and long-term 
clinical status of patients with UC and can be obtained with 
currently available therapies. Emerging indices of infl amma-
tory activity and paradigm shifts in our management strate-
gies are making the adoption of mucosal healing as an 
endpoint a practical reality. The practicing clinician and 
clinical scientist need to incorporate this rapidly moving 
fi eld into their current work.     
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        Introduction 

 Ulcerative colitis (UC) is a chronic infl ammatory bowel 
 disease characterized by a relapsing-remitting course due to 
recurrent intestinal infl ammation [ 1 ,  2 ]. The pathogenesis of 
UC remains incompletely understood, but the ongo-
ing chronic infl ammation has traditionally been the target of 
treatment. Conventional medications including 
5- aminosalicylates (sulfasalazine, olsalazine, balsalazide, 
and mesalamine formulations), corticosteroids, and immu-
nomodulators such as azathioprine and mercaptopurine have 
been used for many years in the treatment of UC [ 3 ]. More 
recently, anti-tumor necrosis factor (TNF) agents have 
brought more options in the medical management of UC [ 4 ]. 
Meanwhile, the goal of treatment remains the same, i.e., suc-
cessful induction and maintenance of steroid-free remission 
to improve quality of life and to reduce the risks of future 
colectomy and/or cancer. 

 As in any other disorder, successful management of UC 
begins by accurate diagnosis, evaluation of extent of disease, 
and assessment of severity of disease. Accurate diagnosis is 
required to rule out other types of acute or chronic infl amma-
tory bowel diseases, as well as to differentiate infectious 
causes such as  Clostridium diffi cile  and cytomegalovirus 
infections [ 4 ]. Evaluation of extent of disease can be accu-
rately and easily measured by endoscopic studies. Based on 
the most proximal extent of disease, UC can be categorized 
into proctitis, left-sided colitis, and pancolitis. Microscopic 

infl ammation may occasionally extend beyond the most 
proximal point of macroscopically visible mucosal infl am-
mation, but the clinical relevance of such microscopic 
infl ammation is unknown. Patients with left-sided colitis or 
proctitis often have the fi nding of a patch of cecal infl amma-
tion adjacent to the appendiceal orifi ce called cecal patch. 
The etiology, as well as the clinical relevance of a cecal 
patch, is unknown and need not be considered when treating 
more distal disease. The severity of disease can be assessed 
by several means. The gross appearance on endoscopy, clini-
cal symptoms, and laboratory data needs to be collected and 
appropriately assessed. Several indices have been developed 
to assess disease severity, of which some include all three 
aforementioned components, whereas some lack the endos-
copy parameter [ 5 – 9 ]. Stool frequency, abdominal pain, 
bleeding, nocturnal stool, and fever are incorporated into 
most activity indices. Some indices include laboratory 
parameters like erythrocyte sedimentation rate or hematocrit, 
but none have incorporated C-reactive protein or stool cal-
protectin. Extraintestinal manifestations such as arthritis, 
erythema nodosum, and pyoderma gangrenosum may 
become present during a fl are that may affect the overall 
health condition of the patient. 

    After a careful evaluation of the extent of disease and 
overall disease activity, one must consider the available ther-
apeutic options. Oral mesalamines are the fi rst choice of 
drug in the management of mild to moderate UC [ 4 ]. It can 
also be given in combination with topical agents for distal 
colitis, especially in less severe cases. After achieving remis-
sion, both oral and topical mesalamine can also be used for 
maintenance purpose. In outpatients with moderate to severe 
UC, systemic steroids need to be considered and are usually 
effective in about two thirds of the patients. In steroid- 
refractory cases, recent data indicate that infl iximab-induced 
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and maintained remission leads to decreased colectomy rates 
and fewer hospitalizations [ 10 ,  11 ]. Alternative anti-TNF 
agents, adalimumab and golimumab, were also recently 
shown to be effective for induction and maintenance of 
remission in moderate to severe UC [ 12 – 15 ]. The use of 
immunosuppressives, such as azathioprine and mercaptopu-
rine, is associated with improved outcome in steroid- 
dependent UC allowing patients to successfully wean off 
corticosteroids. In hospitalized patients with steroid-resistant 
severe UC, infl iximab and tacrolimus may be alternatives to 
cyclosporine in those who are otherwise candidates for col-
ectomy [ 16 – 18 ]. Adequate long-term maintenance therapy 
with immunosuppressives or anti-TNF therapy is required 
after rescue therapy for a sustained benefi t. The current treat-
ment algorithm for UC, and the position of mesalamines, is 
summarized in Fig.  6.1 .

   In the present chapter, we will review the pharmacology, 
mechanisms of action, and effectiveness of oral mesalamine 
products in the management of UC.  

    5-Aminosalicylic Acid Formulations 

 There are currently various 5-aminosalicylic acid (5-ASA 
[mesalamine]) formulations (sulfasalazine, olsalazine, bal-
salazide, and mesalamine) available that utilize different 
methods to increase effi cient delivery of the active ingredient 
to small and/or large intestine [ 19 ,  20 ]. Sulfasalazine was 
one of the fi rst drugs that were introduced to treat UC. Earlier 
in the past century, sulfasalazine was started being used to 
treat rheumatoid arthritis. Swedish investigators initially 
found that sulfonamides were effective in treating septic 
arthritis and tried it in rheumatoid arthritis without success. 
They then coupled sulfonamide with salicylic acid, which 
was already shown to be effective in treating arthritis, under 

the assumption that it would actively carry the latter to the 
infl amed joints. This combination was not shown to be effec-
tive for rheumatoid arthritis, but they went on to try a variety 
of different combinations. One such combination was sul-
fasalazine, consisting of 5-ASA and sulfapyridine joined 
together by a diazo-bond. This proved to be effective in treat-
ing rheumatoid arthritis, and it then became widely used. 
Sulfapyridine, which is an antimicrobacterial drug directed 
against Gram-positive and Gram-negative intestinal bacteria, 
was already being used to treat UC, but then some physicians 
used sulfasalazine, and it turned out that it showed a great 
success in some cases with UC. The use of sulfasalazine 
gradually increased after the Second World War, and then in 
1962, Baron et al. reported the results of a controlled, double- 
blinded study [ 21 ]. They showed that sulfasalazine was 
effective in the treatment of active UC and later also in main-
taining remission of UC [ 22 ]. In rheumatoid arthritis, either 
5-ASA or sulfapyridine, when given alone, is unlikely to 
show clinical benefi t. 5-ASA is rapidly metabolized and 
secreted into urine once absorbed from the gastrointestinal 
tract. Contrary to its effect in infl ammatory bowel diseases, 
studies suggest that the intact sulfasalazine molecule may 
possess anti-infl ammatory properties in rheumatoid arthritis. 
Furthermore, it is known that about 10–20 % of orally 
administered sulfasalazine is absorbed systemically and can 
accumulate in connective tissues of infl amed joints, where it 
slowly releases 5-ASA, raising the possibility that it also acts 
as a prodrug in rheumatoid arthritis. 

 Research into the mechanisms of action of sulfasalazine 
revealed that it acted as a prodrug, with sulfapyridine work-
ing as a carrier and delivering the active component 5-ASA 
to the colon [ 23 ] (Fig.  6.2a ). This also led to the discovery 
that sulfapyridine was responsible for the majority of adverse 
effects, such as headache, nausea, infertility, hemolytic ane-
mia, and photosensitization. The development of novel drug 

  Fig. 6.1    The potential role of mesalamine in the current treatment algorithm for UC       
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delivery systems allowed direct delivery of the active moiety, 
5-ASA, to the small bowel and colon. This can be broadly 
categorized into three groups [ 24 ]. The fi rst are those that 
bind 5-ASA to another carrier, similar to sulfasalazine, 
which requires splitting of the diazo-bond by the colonic 
bacterial fl ora. The other two coat 5-ASA into either a pH- 
dependent formulation or a microsphere formulation. The 
oral mesalamine products currently available in the USA are 
summarized in Table  6.1 .

       Prodrugs 

 Sulfasalazine, balsalazide, and olsalazine work as a pro-
drug and use a similar mechanism to carry the active moi-
ety, 5-ASA, to the colon. As mentioned above, sulfasalazine 
consists of 5-ASA and sulfapyridine joined together by a 
diazo- bond. Sulfasalazine is 40 % 5-ASA, and about 
80–90 % reaches the colon, where it is broken down to 
5-ASA and sulfapyridine by the azoreductase of the 
colonic microbiota [ 23 ]. The bioavailability of the 5-ASA 
moiety that is released ranges from 11 to 33 %. Balsalazide 
instead uses 4-aminobenzoyl-β-alanine as a carrier to 

reach the colon [ 25 ]; 4-aminobenzoyl-β-alanine and 
5-ASA are joined by a diazo-bond (Fig.  6.2b ). Balsalazide 
is 35 % 5-ASA, and nearly the entire dose reaches the 
colon, where the diazo- bond is uncleaved to release 
5-ASA. The bioavailability for balsalazide ranges from 12 
to 35 % [ 26 ]. Olsalazine is a polymer of two molecules of 
5-ASA joined together by a diazo-bond, and it contains 
about 89 % of 5-ASA [ 27 ,  28 ] (Fig.  6.2c ). Approximately 
98 % reaches the colon, where it releases two molecules of 
5-ASA. The bioavailability of the 5-ASA moiety that is 
released is about 14–31 %. These three products are all 
delivered to the colon as an intact form (~about 90–99 %) 
and are degraded by the bacterial azoreductase to release 
5-ASA. Azoreductase is an intracellular enzyme possessed 
mainly by a wide range of colonic bacteria, which rapidly 
uncleaves the diazo-bond. Concurrent use of antibiotics 
that affect the colonic microbiota can decrease the metabo-
lism of these three agents, as can shortened colonic transit 
time, such as diarrhea, medication, and colectomy. Some 
studies suggest that during active infl ammatory bowel dis-
ease, the bioavailability of the bacterial enzymes including 
azoreductase are compromised, which may interfere with 
its clinical effi cacy [ 29 ].  

  Fig. 6.2    ( a ) Chemical structure of sulfasalazine and its degradation to sulfapyridine and 5-aminosalicylic acid (mesalamine). ( b ) Chemical struc-
ture of balsalazide. ( c ) Chemical structure of olsalazine       
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    pH-Dependent Formulations 

 pH-dependent formulations utilize the gradient of pH in the 
gastrointestinal tract to deliver the active agent into aimed 
part of the intestine. The pH in the stomach is approxi-
mately 2. The pH in the upper small bowel is about 5–6, 
and in the lower parts of the small bowel including the ter-
minal ileum, it reaches 6–7. Throughout the colon, the pH 
is maintained close to neutral between 7 and 8 [ 30 ]. Asacol ®  
utilizes an acrylic-based resin (Eudragit-S) coating that is 
soluble at a pH of >7, thus delivering 5-ASA in the terminal 
ileum and entire colon [ 31 ]. Asacol ®  was recently replaced 
by Delzicol ® , which is a bioequivalent product that does not 
contain dibutyl phthalate (DBP), a solvent with potential 
adverse effect on fetal reproductive system [ 32 ,  33 ]. Lialda ®  
is a Multi-Matrix System (MMX ® ) mesalamine (marketed 
as Lialda ®  in the USA and Mezavant ®  in the European 
Union) that is designed to deliver 5-ASA throughout the 
entire colon as a high-strength once-daily dosing tablet [ 34 , 
 35 ]. The mechanism of the MMX ®  delivery system is a 
double matrix consisting of a lipophilic matrix dispersed 
within a hydrophilic matrix [ 36 ]. 5-ASA is incorporated 
into microparticles in the lipophilic matrix, contained 
within the hydrophilic matrix. This double matrices is then 
covered by a pH- dependent polymer fi lm that delays the 
release of 5-ASA until the fi lm dissolves when exposed to 
a pH of >7.0 in the terminal ileum to colon. When the 
hydrophilic matrix is exposed to the intestinal fl uids, it 
swells and creates a viscous gel mass, theoretically result-
ing in slow dispersion of 5-ASA. The hydrophilic matrix 
adheres to the colonic mucosa, which also contributes to 
targeted drug delivery to the colon. Apriso ®  utilizes a pat-
ented delivery system called Intellicor TM  delayed- and 
extended-release delivery system that provides coverage 
throughout the colon [ 37 ]. It disintegrates at pH 6.0 in the 
distal jejunum where the 5-ASA begins to be released. This 
formulation combines delayed and sustained release and 
allows the5-ASA to travel through the jejunum to the colon. 
It provides the convenience of once-daily dosing like the 
MMX ®  mesalamines.  

    Microsphere Formulation 

 Pentasa ®  is currently the only available microsphere formu-
lation of mesalamine [ 38 ,  39 ]. It encapsulates 5-ASA in 
ethyl cellulose-coated microgranules that gradually starts to 
release 5-ASA beginning in the duodenum. The release of 
5-ASA from the microgranules is not affected by the bowel 
acidity and occurs in any enteral pH conditions. Thus, the 
release continues throughout the jejunum, the ileum, and the 
colon as well as the rectum.   

    Mechanisms of Action of Mesalamine 

 Aspirin and nonsteroidal anti-infl ammatory drugs (NSAIDs) 
have been shown to inhibit prostaglandin synthesis by block-
ing the effect of cyclooxygenase (COX) enzymes. Similarly 
to aspirin, its breakdown product salicylate suppresses local 
prostanoid production at sites of infl ammation. 5-ASAs, i.e., 
mesalamines, are one of the most widely used salicylates, 
but its pharmacological profi le and mechanism of action 
remains to be fully elucidated. In 1977, Khan et al. demon-
strated in a non-placebo-controlled trial that 5-ASA is the 
active therapeutic moiety of sulfasalazine. Free 5-ASA, if 
administered orally, is rapidly absorbed from the upper intes-
tine. 5-ASA is poorly absorbed from the colonic mucosa, 
and about 50 % will be metabolized to acetyl-5-ASA by the 
intestinal epithelium and luminal bacteria [ 40 ]. The absorbed 
5-ASA is also metabolized to acetyl-5-ASA in the liver and 
then excreted into the urine as a mixture of free 5-ASA and 
acetyl-5ASA. Acetyl 5-ASA is therapeutically inactive, and 
it is presumed that 5-ASA acts topically on the mucosa of the 
gastrointestinal tract. This led to the subsequent develop-
ment of various mesalamine products. After oral or rectal 
administration into the colon, small amounts of mesalamine 
is absorbed by the intestinal epithelial cells, but most are 
passed into the stool in an intact form [ 40 ,  41 ]. The mucosal 
concentrations of 5-ASA ranged from 3 to 50 ng/mg of wet 
colonic tissues in patients receiving standard treatment with 
mesalamine [ 23 ]. The therapeutic effect of 5-ASA is depen-
dent on the direct contact of the molecule with the epithelial 
cells of the intestine than on its tissue concentration, which 
suggests that a high intraluminal concentration of 5-ASA is 
required for its action. The proposed mechanisms regarding 
the effect of mesalamine are summarized in Table  6.2 .

   Sulfasalazine and mesalamine inhibit the COX and lipox-
ygenase pathways resulting in reduced production of prosta-
glandins and leukotrienes, respectively [ 42 ,  43 ]. 
Prostaglandins and leukotrienes are chemotactic and pro- 
infl ammatory factors that play a major role in the infl amma-
tion of infl ammatory bowel disease [ 44 ,  45 ], and the 
anti-infl ammatory effect of mesalamine is in part by the 

   Table 6.2    Proposed mechanism of action of mesalamine   

 Proposed mechanism  Reference 

 Blocking the production of prostaglandin and 
leukotrienes 

 [ 38 ,  39 ,  42 ,  43 ] 

 Inhibition of pro-infl ammatory cytokine production  [ 44 – 46 ] 
 Inhibition of iNO  [ 50 ] 
 Free radical scavenger and antioxidant effect  [ 51 – 54 ] 
 Inhibition of the activation of NF- K B  [ 44 ,  47 ,  48 ] 
 Increasing PPAR-γ expression in epithelial cells  [ 49 ] 
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effects    on their metabolism [ 46 ,  47 ]. Mesalamine also 
 inhibited the transcription of infl ammatory mediators in 
intestinal epithelial cells, which counteracted the antiprolif-
erative effects of TNF-α [ 48 ]. Several studies have shown 
that mesalamine inhibited the production of pro-infl amma-
tory cytokines including interleukin-1 (IL-1) from colonic 
epithelial cell lines [ 49 ,  50 ]. Egan et al. demonstrated that 
mesalamine modulated RelA/p65 phosphorylation which 
ultimately decreased transcriptional activity of NF-κB [ 51 ]. 
Mesalamine also suppressed TNF-α activation of NF-κB by 
inhibiting the TNF-α-stimulated NF-κB inhibitory protein 
kinase α (IKKα) activity toward IκBα in intestinal epithelial 
cells [ 48 ,  52 ]. Peroxisome-proliferator-activated receptor-γ 
(PPAR-γ) are members of the nuclear receptor superfamily, 
which are activated by fatty acids. They are involved in the 
transduction of metabolic and nutritional signals into tran-
scriptional responses. Rousseaux et al. showed that mesala-
mine increased PPAR-γ expression in epithelial cells. The 
translocation of PPAR-γ from the cytoplasm to the nucleus 
was enhanced and resulted in the activation of a peroxisome- 
proliferator response element-driven gene. These results 
were likely responsible for the therapeutic effect of mesala-
mine on colitis induced in wild type, but not PPAR-γ +/−  mice 
[ 53 ]. Nitric oxide (NO) is an important fi nal effector of 
mucosal injury in infl ammatory bowel disease. Kennedy 
et al. showed that mesalamine inhibited inducible NO (iNO) 
production by human intestinal epithelial cells lines [ 54 ]. 
This was owing to the mesalamine-induced inhibition of the 
expression of iNO synthetase (iNOS) protein and mRNA 
and the suppression of cytokine-induced transcriptional 
upregulation of the iNOS gene. Various studies have also 
shown that mesalamine prevents tissue damage caused by 
neutrophil-derived oxidants [ 55 – 58 ]. Greenfi eld et al. 
showed that sulfasalazine suppressed the upregulation of 
HLA molecules on leucocytes, suggesting an immunological 
effect of mesalamines [ 59 ].  

    Adverse Effects of Mesalamine 

 The clinical effi cacy of sulfasalazine is dose related; how-
ever, not many can tolerate the drug at higher doses due to 
side effects. The incidence of side effects from sulfasalazine 
is reported to be about 45 % [ 40 ]. The side effect profi le of 
sulfasalazine includes those that are unique to the compound 
and others, which are common to all mesalamine products. 
Most of the side effects are intolerance, not allergy, and are 
related to the sulfapyridine moiety. These include nausea, 
vomiting, and headache. Symptoms usually occur soon after 
initiation of sulfasalazine therapy in those patients who are 
taking higher doses. More severe reactions are uncommon 
but include allergic responses, various skin eruptions 
 (urticaria, photosensitivity, maculopapular lesions, and 
 epidermal necrolysis), pancreatitis, pulmonary reactions 

(bronchiolitis obliterans with organizing pneumonia, and 
eosinophilic pneumonitis, and pleuritis), hepatotoxicity 
(transaminitis, cholestasis), and arthralgias. Hematologic 
side effects such as agranulocytosis and immune thrombocy-
topenia are generally related to the sulfapyridine moiety. 
Spermatogenic dysfunction such as abnormal sperm counts, 
motility, and morphology that may contribute to reversible 
male infertility have also been attributed to sulfapyridine. 
Sulfasalazine inhibits folate absorption by way of competi-
tive inhibition of folate conjugation. This may cause folate 
defi ciency that hinders DNA synthesis and cell division, 
affecting most notably the bone marrow. When not many 
other mesalamine products were available, desensitization 
was used as a method to overcome allergic reactions to sul-
fasalazine [ 60 ,  61 ]. This was accomplished by starting at a 
very low dose of sulfasalazine and gradually increasing its 
dose after confi rming the safeness until the desired dose is 
reached. This method can also be applied to mesalamine 
products [ 62 ]. 

 Mesalamine is contraindicated in patients who have had 
hypersensitivity reactions to salicylates in the past. Those 
who were intolerant or had an allergic reaction with sul-
fasalazine may be able to take mesalamine without risk of 
similar reaction. However, of course, introduction of mesala-
mine should be done with caution in patients with a reported 
adverse event with sulfasalazine. Renal dysfunctions, includ-
ing acute and chronic interstitial nephritis and minimal 
change nephropathy, can occur with sulfasalazine and mesa-
lamine products. We recommend that all patients treated 
with mesalamine products should have their kidney function 
evaluated prior to the initiation of therapy and at least annu-
ally thereafter. Pulmonary and cardiac hypersensitivity reac-
tions, such as pleuritis, pneumonitis, myocarditis, and 
pericarditis, have been reported with various mesalamine 
products. Other minor side effects include alopecia, abdomi-
nal distention and fl atulence, headache, liver dysfunction, 
arthritis, skin changes, leucopenia, etc [ 40 ,  63 ,  64 ]. 

 An acute intolerance syndrome characterized by abdomi-
nal pain, diarrhea, and fever may rarely occur with mesala-
mine therapy [ 65 ,  66 ]. It is diffi cult to distinguish between a 
fl are of the underlying colitis; however, if intolerance syn-
drome is suspected, mesalamine should be discontinued 
immediately. Intolerance syndrome is universal to all mesa-
lamine products, and patients require alternative treatments. 

    Drug Interactions 

 The risk of renal dysfunction may be increased in patients 
receiving known nephrotoxic agents, such as NSAIDs. 
Coadministration of azathioprine or mercaptopurine with 
mesalamine products may result in an increase in blood 
6-thioguanine nucleotide concentrations which may lead to 
leucopenia [ 67 ].   
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    Oral Mesalamine During Pregnancy 
and Lactation 

 When sulfasalazine and mesalamine are given orally, the 
absorbed mesalamine readily crosses the placenta, and mesa-
lamine and its metabolite, acetyl-5ASA, are detected in the 
cord blood. However, this has not been linked to any fetal 
abnormalities in several large studies [ 68 ,  69 ]. Female 
patients taking sulfasalazine who are considering becoming 
pregnant should take folic acid to decrease the risk of neural 
tube defects. Animal studies in rodents have not revealed any 
evidence of impaired fertility or harm to the fetus. 

 Overall, sulfasalazine and mesalamine products are clas-
sifi ed as Food and Drug Administration (FDA) pregnancy 
Category B, except for Asacol ®  that is categorized as C. The 
coating of Asacol ®  contains dibutyl phthalate (DBP) [ 70 ]. In 
animal studies, DBP was associated with external and skel-
etal malformations and adverse effects on the male reproduc-
tive system at doses >190 times the human dose. Though 
there are no adequate and well-controlled studies in pregnant 
  women     for either sulfasalazine or mesalamine, they can 
 generally be continued safely during any trimester of preg-
nancy. Low concentrations of mesalamine and higher con-
centrations of the N-acetyl metabolite have been detected in 
human breast milk; however, in general, it can be used safely 
during lactation.  

    Therapeutic Effi cacy of Mesalamine 

    Mesalamine for Active Mild to Moderate UC 

 The 5-ASA formulations (sulfasalazine, olsalazine, balsala-
zide, and mesalamine) have long been foundational treat-
ments for mild to moderate UC. Guidelines suggest that 
combination of oral and topical therapies induces remission 
in mild to moderately active distal colitis patients and may 
effectively maintain remission [ 71 – 73 ]. As described above, 
the therapeutic effect of mesalamine in UC depends on the 
ability of the active drug to reach the sites of infl ammation 
for topical (not systemic) anti-infl ammatory activity. The 
currently available oral mesalamine preparations each uti-
lize a slightly different method to increase effi cient delivery 
of the active ingredient to small and/or large intestine. These 
methods include incorporation of mesalamine into a pro-
drug through covalent azo-bond, incorporation of unmodi-
fi ed mesalamine into a pH-sensitive acrylic coating or 
moisture- sensitive ethyl cellulose microspheres, and a 
newer formulation that utilizes both a pH-sensitive acrylic 
layer and a coating of lipophilic/hydrophilic excipients [ 19 , 
 39 ,  74 ,  75 ]. All formulations are equally as effective, though 
the use of sulfasalazine is limited in its use mainly due to 
patient intolerance [ 76 ]. 

 Dating back to the 1950–1960s, several studies  demonstrated 
that sulfasalazine was superior to placebo for the treatment of 
active UC. In these initial studies, sulfasalazine was used at a 
dose of 4–6 g daily and was effective in 60–80 % of patients as 
compared to 30–40 % of the patients treated with placebo [ 21 , 
 77 ,  78 ]. The response was also dose dependent. 

 Two randomized double-blinded studies demonstrated 
that balsalazide 6.75 g/day was as effective as sulfasalazine 
3 g/day, but with a favorable safety profi le [ 75 ,  79 ]. Balsalazide 
was shown to be superior to mesalamine in a double-blinded 
randomized trial for active UC. Patients on balsalazide 6.75 g/
day showed superior 12-week clinical remission rate as com-
pared to mesalamine 2.4 g/day (62 % vs. 37 %,  p  = 0.02), and 
it appears that the effect of balsalazide was more rapidly 
achieved [ 80 ]. Several other studies demonstrated similar 
effi cacy between balsalazide and mesalamine [ 64 ]. In a dou-
ble-blinded placebo-controlled trial, olsalazine 2 g/day was 
superior to placebo in achieving a clinical and endoscopic 
response [ 27 ]. Several studies have shown comparable effi -
cacy between olsalazine 1.5–2 g/day and sulfasalazine 3 g/
day for mildly to moderately active UC [ 81 – 83 ]. 

 Asacol ®  was shown to be superior to placebo at a dose of 
1.6 or 2.4 g/day in achieving remission at 6 weeks (43 % and 
49 % vs. 23 % of placebo,  p  = 0.03, and 0.003, respectively) 
[ 84 ]. Schroeder et al. showed superior rates of remission 
with Asacol ®  4.8 g/day compared to placebo (24 % vs. 5 %, 
 p  = 0.047) [ 5 ]. The rates of clinical response were more sig-
nifi cant in patients with left-sided colitis (75 % vs. 21 %, 
 p  = 0.0001). Pentasa ®  was more effective than placebo at 2 or 
4 g/day in achieving clinical and endoscopic remission at 8 
weeks [ 85 ]. A double-blind trial between Pentasa ®  and sul-
fasalazine showed that Pentasa ®  at a dose 2.4 g/day was 
superior to sulfasalazine 2 g/day in achieving symptomatic 
and endoscopic improvement at 4 weeks [ 86 ]. 

 In a dose-fi nding study of Apriso ® , Kruis et al. demon-
strated that doses of 1.5 g, 3 g, or 4.5 g daily were equally as 
effective for active UC [ 87 ]. There were no signifi cant differ-
ences in remission rates, time to response, endoscopic 
improvement, or histological improvement. In another study, 
3 g once-daily dosing was as effective as 1 g three times 
daily, suggesting that once-daily dosing of Apriso ®  is effi ca-
cious [ 88 ]. Lialda ® , a once-daily mesalamine product, was 
tested in a randomized clinical trial of 2.4 g, 4.8 g, and pla-
cebo for 8 weeks [ 35 ]. Remission rates with both doses of 
Lialda ®  were signifi cantly superior to placebo, but not differ-
ent from each other. 

 More recently, the interest of mesalamine therapy has 
focused on optimized dosing and once-daily formulations.  

    High-Dose Mesalamine 

 The ASCEND (Assessing the Safety and Clinical Effi cacy 
of a New Dose of 5-ASA) trials aimed to investigate the 
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dose–response effect of mesalamine (Asacol ® ) in the 
 induction of remission in UC. The ASCEND I trial random-
ized 301 patients with mildly to moderately active UC to 
receive either 2.4 g/day or 4.8 g/day of Asacol ®  [ 89 ]. At 
week 6, similar proportion of patients experienced improve-
ment in each group (51 % vs. 56 %,  p  = ns). The difference 
was not signifi cant; however, when results were stratifi ed 
according to the disease severity, patients with moderate 
disease had a more substantial response to the 4.8 g/day 
dose compared to those with mild disease. Based on these 
results, the ASCEND II trial focused on  moderately  active 
UC and confi rmed that 4.8 g/day of Asacol ®  led to a greater 
treatment response than 2.4 g/day (72 % vs. 59 %,  p  = 0.036) 
[ 90 ]. In the ASCEND III trial, 772 patients with moderately 
active UC were randomized to receive 2.4 g/day or 4.8 g/day 
doses of Asacol ® , and there was no difference between the 
two groups in terms of overall improvement (complete 
remission and partial response), but signifi cantly more 
patients who received 4.8 g/day compared to 2.4 g/day 
achieved clinical remission at week 3 ( p  = 0.02) and week 6 
( p  = 0.04) [ 74 ]. Furthermore, subgroup analysis showed that 
patients with diffi cult-to-treat disease, such as those previ-
ously treated with steroids, oral mesalamine, rectal thera-
pies, or those taking multiple UC medications, responded 
better to higher doses than to lower doses.  

    Once-Daily Mesalamines 

 Studies have shown that only about half of the patients are 
adherent to multidose therapy [ 91 ,  92 ], and in clinical prac-
tice, poor adherence often leads to recurrence of disease 
[ 93 ]. Once-daily oral formulations may improve the adher-
ence by decreasing the pill burden and, in fact, are a pre-
ferred choice by patients [ 94 ,  95 ]. Lialda ®  utilizes the 
MMX ®  system providing a slow and gradual release of 
mesalamine throughout the colon that permits once-daily 
administration [ 19 ]. Lichtenstein et al. performed a random-
ized, double- blind, parallel-group, placebo-controlled mul-
ticenter study in patients with mildly to moderately active 
UC comparing the effect of Lialda ®  2.4 g/day given twice 
daily, 4.8 g/day given once daily, and placebo [ 96 ]. Similar 
proportion of patients achieved clinical remission with 
2.4 g/day twice daily or 4.8 g/day once daily (34.1 % and 
29.2 % vs. 12.9 % of placebo,  p  < 0.001 and  p  = 0.009, 
respectively). In another double-blind, placebo-controlled, 
multicenter trial, the effect of Lialda ®  2.4 g once daily and 
4.8 g once daily was compared to placebo and a delayed-
release mesalamine (Asacol ® ) 2.4 g daily given three times 
daily [ 35 ]. At week 8, more patients achieved clinical and 
endoscopic remission in the Lialda ®  groups compared to 
placebo (40.5 % and 41.2 % vs. 22.1 %, vs. placebo;  p  = 0.01 
and  p  = 0.007, respectively). No signifi cant difference in 

clinical remission rates between patients receiving Asacol ®  
and placebo was seen (33.7 % vs. 22.1 %,  p  = 0.089); how-
ever, it was unclear whether there was a statistical difference 
between Lialda ®  and Asacol ® . Furthermore, a subsequent 
study combining the patients that achieved clinical and 
endoscopic remission in the abovementioned 2 studies eval-
uated the effi cacy of Lialda ®  2.4 g daily dosed once or twice 
daily as maintenance therapy [ 97 ]. At 12 months, similar 
proportion of patients was in clinical and endoscopic remis-
sion with once-daily and twice-daily regimen (64.4 % vs. 
68.5 %,  p  = ns). Another once-daily mesalamine preparation 
(Salofalk ® ) that is available in Europe was evaluated in a 
dose-ranging trial and also proved to be effi cacious in induc-
ing remission in mildly to moderately active UC [ 98 ]. In a 
randomized, investigator-blinded study, controlled-release 
mesalamine (Pentasa ® ) was shown to be more effective 
when given in once-daily regimen [ 98 ]. At 12 months, 
73.8 % of patients receiving Pentasa ®  2 g once daily main-
tained remission compared to 63.6 % of patients receiving 
1 g twice daily ( p  = 0.024). The study also demonstrated that 
compliance was better with once-daily regimen.  

    Mesalamine for Active Moderate to Severe UC 

 Corticosteroids have been the primary therapies for the 
induction of remission in moderate to severe UC [ 71 ]. 
However, patients with left-sided colitis or proctitis may still 
benefi t from topical treatment with mesalamine or glucocor-
ticoid suspensions [ 3 ,  99 ]. Those who fail to respond to treat-
ment with the combination of mesalamine and corticosteroids 
or who present with severely active UC are candidates for 
further intensive treatment. Disease activity as well as extent 
should be reassessed, and prompt decision should be made 
as to whether the patient needs to be admitted. For patients 
with moderate to severe UC that can be managed as an out-
patient, treatment with biologics (infl iximab and adalim-
umab) has recently emerged. The role of mesalamines in the 
treatment of severe UC is unclear and likely has no additive 
effect on corticosteroids and biologics.  

    Mesalamine for Maintenance Therapy of UC 

 The majority of patients with UC have a clinical course that 
is either relapsing-remitting or chronic continuous. 
Corticosteroids are effective as a short-term induction agent 
but lack potential as a maintenance agent and, furthermore, 
are associated with unfavorable side effects when adminis-
tered for a long period. Shortly after shown to be effective as 
an induction agent, several studies aimed to assess the effi -
cacy of sulfasalazine as a maintenance therapy in patients 
with quiescent UC. Dissanayake et al. showed that 6-month 
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relapse rates were lower with 2 g/day of sulfasalazine 
 compared to placebo (12 % vs. 55 %,  p  < 0.001) [ 100 ]. 
Another study showed that maintenance treatment with sul-
fasalazine prolonged remission in distal UC [ 78 ]. Similar to 
its effect in active UC, the effect of sulfasalazine in maintain-
ing remission appeared to be dose dependent. 

 Balsalazide, at a higher dose, was shown to be superior 
to mesalamine in maintaining remission of UC [ 101 ]. 
Seventy- eight percent of patients on balsalazide 6 g/day 
were in remission at 26 weeks compared to 44 % on bal-
salazide 3 g/day and mesalamine 1.5 g/day ( p  = 0.006). 
Another study demonstrated similar effi cacy between high 
and low dose of balsalazide in maintaining remission of UC 
[ 102 ]. Olsalazine was shown to be superior to placebo in 
maintaining remission of UC in a randomized controlled 
trial in patients who were intolerant to sulfasalazine [ 103 ]. 
Olsalazine 1 g/day compared with placebo reduced the 
relapse rate from 45 to 23 %. Travis et al. showed a dose 
response of olsalazine in maintaining remission of UC 
[ 104 ]. Olsalazine 2 g/day was more effective than 0.5 or 
1 g/day, especially in patients with distal colitis. However, 
in another study, the rate of maintaining remission was sim-
ilar between different doses of olsalazine (0.5–2 g/day) and 
sulfasalazine 2 g/day [ 105 ]. 

 Asacol ®  0.8 and 1.6 g/day was superior to placebo in 
maintaining remission of UC for 6 months (63 and 70 % vs. 
48 % of placebo,  p  = 0.05 and 0.005, respectively) [ 106 ]. 
Several randomized, double-blind studies have shown that 
Asacol ®  was as effective as sulfasalazine in maintaining 
remission of UC with signifi cantly less drop outs [ 107 ]. 
Miner et al. demonstrated that with Pentasa ®  4 g/day sig-
nifi cantly more patients were in remission at 12 months 
compared to placebo (64 % vs. 38 %,  p  = 0.0004) [ 108 ]. 
Pentasa ®  1.5 g was equivalent to sulfasalazine 3 g/day in 
maintaining remission of UC over 12 months period [ 109 ]. 
The effect of Apriso ®  in maintaining remission of UC has 
been studied by Lichtenstein et al. who showed that signifi -
cantly more patients maintained remission over 6 months 
with Apriso ®  1.5 g as compared with placebo (78.9 % vs. 
58.3 %,  p  < 0.001) [ 37 ]. The once-daily preparation Lialda ®  
has also been evaluated as a maintenance agent. Patients 
who achieved remission with Lialda ®  were randomized to 
either 2.4 g daily dosed once or twice daily as maintenance 
therapy in an open-label trial [ 97 ]. At 12 months, similar 
proportion of patients were in clinical and endoscopic 
remission with once-daily and twice-daily regimen (64.4 % 
vs. 68.5 %,  p  = ns). 

 The various mesalamine products appear to be all simi-
larly effective for maintaining remission of UC. Some stud-
ies suggest that there is a dose-dependent effect; however, to 
date, we prefer to continue the dose that was required to 
induce remission as a maintenance therapy in our clinical 
practice.  

    Therapeutic Equivalence of Various 
Mesalamine Products 

 No adequate comparative trials have been conducted with 
equivalent mesalamine doses to determine if any of the cur-
rent formulations are superior in the treatment of UC. All of 
the mesalamine formulations are effective, but they differ in 
the release and absorption profi le, which may infl uence the 
outcome in some patients. The prevalence of sulfasalazine 
intolerance due to sulfapyridine has limited its use in clinical 
practice, but studies suggest that most mesalamines are 
equally potent when similar concentrations of mesalamine 
are provided [ 76 ]. The selection of a mesalamine agent 
should be based on the results of the clinical trials, individual 
patient characteristics, compliance issues, as well as price, 
until comparative head-to-head trials are performed.  

    Cancer Chemoprevention 

 Individuals with infl ammatory bowel disease, especially 
those with extensive UC and colonic Crohn’s disease, are at 
increased risk of developing colorectal cancer (CRC) com-
pared with the general population. Previous studies show this 
risk is strongly associated with dysplasia, extent of disease, 
duration of disease, and degree of infl ammation, while che-
moprevention of CRC has less support. 

 Epidemiologic studies evaluating the effect of mesala-
mine as a cancer chemopreventive agent have been equivocal 
[ 110 ,  111 ]. However, Velayos et al. demonstrated, by comb-
ing the results of 9 case–control or cohort studies, that the 
odds ratio for mesalamine’s association with CRC was 0.51 
(95 % confi dence interval 0.29–0.92) [ 112 ]. Since adherence 
to mesalamine medication is an issue for UC patients, both 
the disease maintenance effect and the cancer chemopreven-
tive effect should be emphasized. The once-daily mesala-
mine preparations have been shown to be accepted with 
better compliance with the patients; however, it remains 
unknown whether they are a preferred agent in this aim. 

    NSAID groups of compounds, including aspirin, coxibs, 
and sulindac, have been long studied as possible CRC che-
mopreventive agents. Pharmacologically, these drugs inhibit 
COX in various cell types. COX-1 isoform is constitutively 
expressed, but it is the inducible COX-2 isoform which is 
thought to play a prominent role in the development of 
CRC. COX-2 inhibition induces apoptosis and reduced 
angiogenesis, which leads to inhibition of cell proliferation 
[ 113 ]. Similar to its anti-infl ammatory effect, possible mech-
anisms for mesalamine as a CRC chemopreventive agent 
include inhibition of COX activity, inactivation of reactive 
oxygen species (free radicals), increased apoptosis through 
NF-κB suppression, and activation of PPAR-γ which is an 
epithelial cell antiproliferative agent. 
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 Balsalazide effectively reduced tumor formation in two 
rodent models for CRC carcinogenesis [ 114 ]. It is suggested 
that a decrease in proliferation and the induction of apoptosis 
in colon epithelial cells after the administration of mesala-
mine may be responsible for the underlying mechanism 
[ 115 ,  116 ]. Das et al. demonstrated that mesalamine and sul-
fasalazine, but not sulfapyridine, reduced the cellular expres-
sion of TC22, a tropomyosin isoform associated with colonic 
neoplasia, through modulating PPAR-γ [ 117 ]. They also 
showed that suppression of TC22 by small interfering RNA 
(siRNA) produced gene level changes on several critical car-
cinogenic pathways including apoptosis, adhesion, angio-
genesis, and tissue remodeling and suggested that these 
changes may be responsible for the antineoplastic molecular 
effect of mesalamine.   Schoeneck     et al. showed that mesala-
mine inhibited growth of colon cancer cells largely through a 
mitotic arrest, which has not been reported for NSAIDs so 
far. Mesalamine also induced apoptosis through partial 
 activation of caspases similar to, although weaker than, 
established chemopreventive agents [ 118 ].   

    Conclusion 

 In summary, mesalamine remains the mainstay in the treat-
ment of mildly to moderately active UC, both as an induction 
and maintenance of remission agent. Recent studies have 
shown that moderately active UC and patients with compli-
cated disease may preferentially respond to high-dose mesa-
lamine therapies. Once-daily formulations are as effective as 
other formulations and, owing to their simplifi ed regimen, 
may even result in better long-term compliance and out-
come. Though the use of more potent biologics and immuno-
modulators has increased, the value of mesalamine in the 
management of UC will continue to be recognized.     
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        Introduction 

 Mesalamine (called mesalazine in Europe) or 5- aminosalicylic 
acid is the recommended fi rst-line agent for both induction 
and maintenance of remission in patients with mild to mod-
erately severe ulcerative colitis [ 1 ]. Mesalamine is available 
as both oral and topical formulations. Topical preparations 
are preferred for distal and left-sided colitis, while oral 
agents are used for more extensive disease. 

 Sulfasalazine was the fi rst mesalamine-containing drug 
used in the treatment of ulcerative colitis. It was developed 
by Dr. Nana Svartz in the 1940s for the treatment of rheuma-
toid arthritis, but she noticed that it improved colitis symp-
toms in patients with ulcerative colitis [ 2 ,  3 ]. Later 
randomized controlled studies established its effi cacy in the 
treatment of ulcerative colitis [ 4 ,  5 ]. 

 Sulfasalazine contains mesalamine (anti-infl ammatory 
agent) and sulfapyridine (antibiotic) linked by an azo bond. 

Peppercorn and his colleagues demonstrated that the azo bond 
is cleaved by colon bacteria releasing mesalamine and sulfa-
pyridine [ 6 ]. In 1977, Azad Khan et al. showed that mesala-
mine (5-ASA) is the active therapeutic moiety of sulfasalazine, 
while sulfapyridine acted as the carrier molecule [ 6 ]. Despite 
its effi cacy in ulcerative colitis, sulfasalazine is not tolerated in 
up to 30 % of the patients. The toxicity of sulfasalazine has 
been attributed to the sulfapyridine, a sulfa compound [ 7 ]. 

 In order to decrease the side effects, several oral and topi-
cal mesalamine preparations have been developed without 
the sulfa component. Free mesalamine is rapidly absorbed 
from the proximal small intestine leaving very little to reach 
the colon—the site of active infl ammation. To prevent this, 
various mesalamine preparations have been developed to 
ensure maximal delivery to the colon. Broadly, three differ-
ent mechanisms have been used to protect mesalamine 
from metabolism before it reaches the terminal ileum and 
colon—pH-dependent delayed-release formulations (Asacol, 
Salofalk, Apriso, Lialda), pH-independent controlled release 
(Pentasa), and prodrugs which utilize the azo bond (balsala-
zide, olsalazine) [ 8 ]. 

 Topical formulations of mesalamine have the advantage 
of delivering the drug directly to the site of infl ammation [ 8 ]. 
They are available as suppositories, enemas, foams, and gels. 
Studies have shown that topical mesalamine preparations are 
very poorly absorbed from the colon [ 9 ,  10 ]. This minimizes 
their systemic side effects. Also, compared to oral mesala-
mine, topical mesalamine achieves greater mucosal concen-
tration in the distal colon. In a randomized study, Frieri et al. 
noted that after 2 weeks of treatment, rectal mucosal concen-
trations of mesalamine were 20 times greater in those treated 
with a combination of oral Asacol and mesalamine rectal 
enema than those treated with oral Asacol alone [ 11 ]. 
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 In this chapter, we will discuss various mesalamine 
 preparations currently available and compare and contrast 
them in their effi cacy in the induction of remission, mainte-
nance of remission, and their safety profi le. We will also 
briefl y discuss mechanism of action and metabolism of 
mesalamine.  

    Mechanism of Action 

 The exact mechanism of action of mesalamine is not well 
understood. Several potential theories have been proposed 
based on both in vivo and in vitro studies. Mesalamine is 
thought to exert its effect locally by acting on the infl amed 
mucosa [ 8 ]. Recent studies have shown that mesalamine is 
   peroxisome proliferator-activated receptor-γ agonist 
(PPAR-γ). The activation of PPAR-γ leads to decreased 
production of infl ammatory cytokines and decreased prolif-
eration of infl ammatory cells [ 12 ]. Mesalamine inhibits 
both the cyclooxygenase and 5′-lipooxygenase pathways 
leading to inhibition of prostaglandin E2 in the infl amed 
intestine and decreased production of leukotrienes, respec-
tively. Mesalamine is a scavenger of free radicals and thus 
exhibits antioxidant properties [ 7 ]. Mesalamine inhibits 
antibody production by B cells and interferes with 
 macrophage and neutrophil function [ 12 ]. Mesalamine also 
inhibits the production of several pro-infl ammatory cyto-
kines like IL-1, IL-2, TNF-α, and nuclear factor κ-β 
(NFκ-β) [ 13 ].  

    Metabolism of Mesalamine 
and Sulfasalazine 

 About 30 % of sulfasalazine is absorbed in the proximal 
intestine, and the rest is cleaved by colon bacteria yielding 
two byproducts—mesalamine and sulfapyridine. 
Sulfapyridine is absorbed into the systemic circulation and 
undergoes acetylation in the  liver  (Fig.  7.1 ) [ 12 ]. Adverse 
effects of sulfasalazine are due to the sulfa compound and 
are more pronounced in slow acetylators [ 7 ].

   The colon epithelial cells absorb mesalamine released in the 
colon. In the epithelial cells,  N -acetyl transferase 1 (NAT- 1) 
enzyme metabolizes mesalamine or 5-ASA into  N -Acetyl- 
5ASA . This is either secreted back into the lumen and excreted 
in feces or absorbed into the circulation and excreted in the 
urine [ 14 ]. Some of the 5-ASA is absorbed into the systemic 
circulation and undergoes acetylation in the liver and is excreted 
in the urine [ 14 ]. A very small portion of 5-ASA undergoes 
acetylation by colon bacteria and excreted in the feces [ 14 ]. 

 Are there any differences in the pharmacokinetic profi les 
of various oral mesalamine preparations? A recent system-
atic review by Sandborn and Hanauer showed that the sys-
temic absorption of mesalamine is comparable for all oral 
preparations. They demonstrated that the urinary and fecal 
excretion of total 5-ASA was similar among all oral mesala-
mine preparations [ 14 ]. This was also confi rmed by a study 
comparing pharmacokinetic profi les of equimolar doses of 
Asacol and balsalazide [ 15 ].  

Oral 5-ASA

Unformulated
absorption

Optimal
delivery

Excretion

Small intestine

Large intestine

Liver

5-ASA

Blood

Kidney

UrineFaeces
5-ASA

N-Ac-5-ASA
5-ASA

N-Ac-5-ASA

N-Ac-5-ASA

  Fig. 7.1    Proposed metabolic 
pathway of 5-ASA after oral 
administration. The  shaded area  
(large intestine) indicates the site 
of topical action. Unformulated 
5-ASA is absorbed rapidly from 
the small intestine, and many 
current formulations are 
designed to delay the release of 
5-ASA until the terminal ileum 
or proximal colon.  5-ASA  
5-aminosalicylic acid,  N-AC-5-
ASA N -acetyl-5- ASA (Reprinted 
from Lichtenstein GR, Kamm 
MA. Review article: 
5-aminosalicylate formulations 
for the treatment of ulcerative 
colitis- methods of comparing 
release rates and delivery of 
5-aminosalicylate to the colonic 
mucosa. Alimentary Pharmacol 
Ther 2008; 28 (6): 663-73; 
Copyright 2008) [ 73 ]       
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    Mesalamine Formulations and Preparations 

 A variety of mesalamine formulations have been developed 
that ensure maximal delivery of active 5-ASA to the terminal 
ileum and colon. These include both oral and topical mesala-
mine preparations. While oral preparations ensure maximal 
5-ASA concentrations in the proximal colon, topical prepa-
rations deliver 5-ASA directly to the left side of the colon. 
Tables  7.1  and  7.2  summarize various oral and topical 5-ASA 
preparations currently available, respectively.

       Oral pH-Dependent Formulations 

 These include Asacol, Ipocol, Claversal, Salofalk, Apriso, and 
Lialda. In order to prevent proximal absorption, mesalamine 
is coated with pH-sensitive polymers. The two most common 
polymers used are Eudragit-S and Eudragit-L [ 8 ,  12 ]. 

 Eudragit-S coating breaks down at pH > 7 and releases 
mesalamine in the terminal ileum and colon [ 12 ]. Asacol 
(Procter and Gamble Pharmaceuticals, Cincinnati, OH, 
USA) and Ipocol (Sandoz Pharmaceuticals, Bordon, 
Hampshire, UK) are examples of mesalamine preparations 
which are enteric coated with Eudragit-S [ 8 ,  12 ,  16 ]. Asacol 
is available as 400 and 800 mg tablets and administered 2–3 
times per day [ 17 ]. Eudragit-L, a derivative of S-polymer, 
breaks down at a lower pH and releases mesalamine in the 
jejunum, terminal ileum, and colon [ 12 ]. Claversal (Merckle 

GMBH, Ulm, Germany) and Salofalk (Axcan Pharma, Mont 
St. Hilaire, Quebec, Canada, and Falk Pharma, Freiburg, 
Germany) are examples of mesalamine formulations coated 
with Eudragit-L [ 12 ]. Studies on healthy volunteers and ile-
ostomy patients have demonstrated that Eudragit-L-coated 
mesalamine preparations are released more proximally than 
Eudragit-S-coated mesalamine preparations [ 12 ]. 

 Apriso (Salix Pharmaceuticals Inc., Morrisville, NC, USA) 
has been approved by FDA only for the maintenance of remis-
sion in ulcerative colitis [ 8 ]. It consists of a gelatin capsule 
containing granules of mesalamine, which are coated with 
Eudragit-L polymer resin. The capsule dissolves in the stom-
ach and releases the mesalamine granules which in turn break 
down at pH greater than 6. The granules also contain a poly-
mer matrix, which swells and ensures gradual release of the 
mesalamine throughout the colon [ 8 ]. It is dosed once daily. 

 MMX mesalamine marketed as Lialda in the USA and 
Mezavant elsewhere is a novel pH-dependent once-daily 
mesalamine formulation [ 8 ,  12 ,  16 ]. FDA has approved it for 
both induction and maintenance of remission in ulcerative 
colitis patients. In this formulation, MMX technology is 
 utilized. It contains both hydrophilic and lipophilic matrices, 
which are in turn coated by pH-sensitive Eudragit-S resin. 
The Eudragit-S coating delays release of mesalamine until 
the terminal ileum and colon where pH is greater than 7. The 
hydrophilic matrix then comes in contact with intestinal fl u-
ids and swells forming a viscous gel mass [ 12 ,  16 ]. The vis-
cous gel mass ensures slow release of the mesalamine. The 
lipophilic core prevents the water from entering the core of 

   Table 7.1    5-ASA formulations and release sites   

 Name  Formulation/release site  Dosage 

 Sulfasalazine/Azulfi dine ®   5-ASA linked to sulfapyridine by an azo bond  500 mg tablets 
 Asacol ® /delayed-release mesalamine  Enclosed in enteric “fi lm” (Eudragit-S) releasing at pH ≥ 7 in the 

terminal ileum and colon 
 Asacol, 400 mg 
 Asacol HD, 800 mg 

 Salofalk ® , Claversal ®   Enclosed Eudragit-L releasing at pH ≥ 6 in the jejunum, ileum, and 
colon 

 250 and 500 mg tablets 

 Pentasa ®   Microspheres within a moisture-sensitive, ethyl cellulose, 
semipermeable membrane releasing mesalamine in the duodenum, 
jejunum, ileum, and colon 

 250 and 500 mg capsules 

 Apriso ®   The outer coating (Eudragit-L) dissolves in the jejunum, ileum, and 
colon (pH ≥ 6), while a polymer matrix core facilitates slow, sustained 
release throughout the colon 

 375 mg 

 Olsalazine/Dipentum ®   Two molecules of 5-ASA linked by an azo bond between their amino 
groups cleaved by azoreductase 

 250 mg 

 Balsalazide disodium/Colazal ®   5-ASA linked by an azo bond to 4-amino- benzoyl-β-alanine cleaved 
by azoreductase 

 750 mg 

 Lialda ® , Mezavant ®   Has lipophilic and hydrophilic matrices to provide delayed release of 
mesalamine. Has Eudragit-S which enables mesalamine release at 
pH ≥ 7 in the terminal ileum and continues throughout the colon 

 1.2 g 

    Salofalk Granu-Stix ®  and Pentasa ®  sachets  Micropellet formulations  500 mg sachets 

   5-ASA  5-aminosalicylic acid 
 With permission from Sonu I, Lin MV, Blonski W, Lichtenstein GR. Clinical pharmacology of 5-ASA compounds in infl ammatory bowel disease. 
Gastroenterol Clin North Am. 2010;39(3):559-99. © Elsevier 2010 [ 8 ]  
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the tablet and dissolving it. This helps to prolong the half-life 
of the drug [ 8 ,  12 ,  16 ]. MMX mesalamine is available as 
1,200 mg tablets and administered once or twice daily [ 17 ].  

    Oral pH-Independent Formulations 

 This includes Pentasa (Shire Pharmaceuticals Inc., Wayne, 
PA, USA, licensed from Ferring A/S Copenhagen, Denmark), 
a controlled-release mesalamine formulation. It utilizes a 
semipermeable, moisture-sensitive ethyl cellulose coating 
[ 16 ]. This allows a slow and sustained release of mesala-
mine. It also differs from other mesalamine preparations by 
releasing mesalamine in the duodenum and jejunum, in addi-
tion to the terminal ileum. It is estimated that approximately 
about 20 % of mesalamine is released in the small intestine 
and the rest in the colon [ 12 ]. It is available as 250 and 
500 mg tablets and 250 mg capsules. It is administered four 
times per day. 

 Both Pentasa and Salofalk are available as sachets (micro-
pellet formulations). One of the advantages of micropellet 
formulations is that it facilitates prolonged release of the 
mesalamine, thereby allowing less frequent dosing. This has 
been demonstrated in two studies comparing tablets to 
micropellets [ 16 ].  

    Mesalamine Prodrug Formulations 

 These mesalamine formulations similar to sulfasalazine utilize 
a diazo bond (Fig.  7.2 ). The diazo bond is cleaved by colon 
bacteria’s azoreductase enzyme-releasing mesalamine. 
Balsalazide and olsalazine are examples of prodrugs. 
Balsalazide/Colazal (Salix Pharmaceutical Inc., Morrisville, 
NC) utilizes an inert molecule (4-aminobenzoyl-β-alanine) for 
binding with a single 5-ASA molecule. Balsalazide is avail-
able as 750 mg tablets and is administered three times per day 
[ 17 ]. Olsalazine (Alaven Pharmaceuticals, Marietta, GA/
Dipentum (UCB Pharma, Brussels, Belgium)) contains two 
5-ASA molecules linked by a diazo bond. Olsalazine is avail-
able as 250 mg capsules and is administered twice daily [ 17 ].

       Topical Mesalamine Formulations 

 Topical mesalamine preparations deliver 5-ASA directly 
to the site of infl ammation in the distal colon. They are 
 available as suppositories, suspension enemas, gels, and 
foams. Currently in the USA, only mesalamine suppositories 
(Canasa) and suspension enemas (Rowasa) are available. 
Scintigraphy studies have demonstrated that suppositories 
deliver active drug to the rectum, while suspension enemas 
can reach as far as the splenic fl exure [ 12 ].   

    Effi cacy of Mesalamine in the Induction 
of Remission in Active UC 

 The fi rst placebo-controlled study demonstrating sulfasala-
zine’s effi cacy in the induction of remission in UC was pub-
lished by Baron et al. [ 2 ]. But due to side effects and intolerance 
of sulfasalazine, newer mesalamine preparations have been 
developed in an effort to reduce side effects and improve effi -
cacy. In this section, we will discuss how newer mesalamine 
preparations compare to placebo and sulfasalazine in the 
induction of remission and also evaluate if there are any differ-
ences among various mesalamine preparations in their ability 
to induce remission. It is important to recognize that different 
studies used varied defi nitions for clinical and endoscopic 
remissions making comparison between various 5-ASA prep-
arations diffi cult. Refer to Table  7.3  for randomized double-
blind controlled trials comparing therapy with various oral 
5-ASA formulations in inducing remission of UC.

      Oral Mesalamine Preparations Versus Placebo 

 Several randomized controlled studies and meta-analyses 
have demonstrated superiority of oral mesalamine prepara-
tions over placebo in the induction of remission. In one of the 
recent meta-analyses published by Ford et al. (included 11 
RCTs and 2,086 patients), the relative risk of failure to 
induce remission with mesalamine compared to placebo was 
0.79 (95 % CI 0.73–0.85,  p  = 0.009) [ 18 ]. This meta-analysis 
also found that the number needed to treat for mesalamine 
derivatives was 6 (95 % CI 5–8) [ 18 ]. Ford et al. did not fi nd 
any signifi cant differences between the type of oral mesala-
mine drug and their effi cacy in inducing remission in active 
UC (Cochrane  Q  = 1.11,  p  = 0.77) [ 18 ]. 

 The Cochrane meta-analysis published in 2006 also found 
that mesalamine preparations were superior to placebo for 
induction of remission as well as clinical and endoscopic 
improvement in patients with active UC. In terms of ability 
to induce clinical or global improvement or remission, the 
pooled Peto odds ratio between 5-ASA and placebo was 0.40 
(95 % CI 0.30–0.53) [ 19 ].  

   Table 7.2    Topical 5-ASA preparations   

 Formulation  Brand name  Dosages 

 Suspension enema  Rowasa, Asacol, 
Pentasa, Salofalk 

 1 g/60 ml, 2 g/60 ml, 
4 g/60 ml 

 Suppository  Canasa, Asacol, 
Claversal, Pentasa 

 250, 400, 500, 100 mg 

 Gel  Asacol, Claversal, 
Salofalk 

 1 g/30 ml, 1 g/60 ml, 
2 g/60 ml, 2 g/120 ml 

 Foam  Enterasin  2 g/60 ml 

   5-ASA  5-aminosalicylic acid  

P.R. Mudireddy et al.
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    Asacol Versus Placebo 

 Delayed-release mesalamine preparation like Asacol has 
been shown to be superior to placebo in two RCTs. 
Schroeder et al. compared 4.8 and 1.6 g/day of Asacol to 
placebo. Asacol 4.8 g/day produced statistically signifi cant 
remission compared to placebo ( p  < 0.0001), while 1.6 g/day 
did not induce signifi cant remission rates compared to pla-
cebo ( p  = 0.51) [ 20 ]. In another study comparing Asacol to 
placebo, Snisky found that Asacol 2.4 g/day induced remis-
sion in 32 % patients compared to only 9 % by placebo 
( p  = 0.003) [ 21 ]  

    Pentasa Versus Placebo 

 In a large multicenter double-blind RCT, Pentasa 2 g/day 
(57 %) and 4 g/day (59 %) produced signifi cantly better clin-
ical improvement compared to placebo, while Pentasa 1 g/
day (36 %) could not induce statistically signifi cant remis-
sion compared to placebo [ 22 ].  

    MMX Mesalamine Versus Placebo 

 Lichtenstein et al. demonstrated that MMX mesalamine is 
superior to placebo in the induction of both clinical and 
endoscopic remission. In a large multicenter, double-blind 
RCT, 280 patients were randomized to either MMX mesala-
mine 4.8 g/day, MMX mesalamine 2.4 g/day, or placebo. 
MMX mesalamine 4.8 g/day induced remission in 29.2 % of 
patients, MMX mesalamine 2.4 g/day in 34.2 % patients, and 
placebo in 12.4 % patients [ 23 ].  

    Olsalazine Versus Placebo 

 In only RCT comparing clinical remission rates between 
olsalazine and placebo in patients with active UC, olsalazine 
was not superior to placebo [ 18 ,  24 ]. But if the results of 
three trials that compared clinical improvement rates (rather 
than clinical remission) between olsalazine and placebo 
were to be included in the analysis, then olsalazine would be 
superior to placebo (RR of no remission or improve-
ment = 0.81, 95 % CI 0.68–0.96) [ 18 ,  25 – 27 ].  
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    Balsalazide Versus Placebo 

 Scherl and colleagues demonstrated that balsalazide (3.3 g 
twice daily) was better than placebo in achieving remission 
in patients with mild to moderately active UC. The relative 
risk of failure to achieve remission between balsalazide and 
placebo was 0.82 (95 % CI 0.74–0.91) [ 28 ].  

    Oral Mesalamine Preparations Versus 
Sulfasalazine 

 The Cochrane meta-analysis updated in 2006 suggested that 
the newer mesalamine drugs tended toward therapeutic ben-
efi t when compared to sulfasalazine in the induction of 
remission in patients with active UC [ 19 ]. The newer mesa-
lamine preparations in comparison to sulfasalazine had a 
pooled Peto odds ratio of 0.83 (95 % CI 0.60–1.13) for fail-
ure to induce global/clinical improvement or remission and 
0.66 (95 % CI 0.42–1.04) for failure to induce endoscopic 
improvement [ 19 ]. Also they noticed that newer mesalamine 
preparations had fewer side effects compared to sulfasala-
zine [ 19 ]. 

 In another meta-analysis by Nikfar and his colleagues 
found that none of the new mesalamine formulations were 
superior to sulfasalazine in inducing overall improvement in 
patients with active UC (overall improvement defi ned as a 
positive change in at least two of the following criteria: sig-
moidoscopic appearances, histologic appearances, clinical 
severity, and percentage of bloody stools) [ 29 ]. In four trials 
(three trials comparing delayed mesalamine and one trial 
comparing Pentasa to sulfasalazine), the relative risk of over-
all improvement between sulfasalazine and mesalamine was 
a nonsignifi cant value of 1.04 (95 % CI 0.89–1.21). In three 
trials comparing sulfasalazine and olsalazine, the relative 
risk for overall improvement was 1.14 (95 % CI 0.91–1.43, 
 p  = 0.16), again a nonsignifi cant value [ 29 ]. In two trials, 
comparing sulfasalazine and balsalazide, the relative risk of 
overall improvement was a nonsignifi cant value of 1.3 (95 % 
CI 0.93–1.81,  p  = 0.12) [ 29 ].  

    Comparison Between Different Mesalamine 
Drugs for Induction of Remission 

 There have been few studies and meta-analyses comparing 
various oral mesalamine preparations in their ability to 
induce remission in patients with active UC. A meta-analysis 
by Rahimi et al. found that balsalazide was superior to mesa-
lamine in the induction of both symptomatic and complete 
remission [ 30 ]. In the pooled analysis of three trials compar-
ing balsalazide to mesalamine in their ability to induce 
symptomatic remission, the relative risk was 1.23 (95 % CI 

1.03–1.47,  p  = 0.0204), while the relative risk for ability to 
induce complete remission was 1.3 (95 % CI 1.002–1.68, 
 p  = 0.0481) [ 30 ]. In a meta-analysis by Ford et al., there was 
no statistically signifi cant difference between the type of 
mesalamine formulation and their ability to induce remission 
in patients with active UC (Cochrane  Q  = 1.11,  p  = 0.77) [ 18 ]. 

 In a multicenter, randomized, double-blind trial, olsala-
zine was similar in effi cacy to delayed-release mesalamine in 
terms of clinical improvement and endoscopic remission in 
patients with mild to moderately active UC [ 31 ]. Kamm 
et al. compared MMX mesalamine to placebo and delayed- 
release mesalamine in randomized controlled sphase 3 trial. 
MMX mesalamine (both 2.4 and 4.8 g/day) was found supe-
rior to placebo in the induction of both clinical and endo-
scopic remission. But delayed-release mesalamine was not 
superior to both placebo and MMX mesalamine in inducing 
clinical or endoscopic remission [ 32 ].   

    Effi cacy of Mesalamine in the Maintenance 
of Remission in UC Patients 

 Table  7.4  summarizes randomized double-blind controlled 
trials comparing therapy with various oral 5-ASA formula-
tions in maintaining remission in UC.

      Mesalamine Versus Placebo 

 The latest Cochrane meta-analysis published in 2006 found 
that newer mesalamine preparations were superior to pla-
cebo in maintaining both clinical and endoscopic remission 
[ 33 – 35 ]. The Peto odds ratio for failure to maintain clinical 
or endoscopic remission for mesalamine versus placebo was 
0.47 (95 % CI 0.36–0.62) [ 35 ]. The number needed to treat 
to achieve clinical or endoscopic remission was 6 [ 33 ]. 

 In the meta-analysis published in 2011 by Ford et al., 
again mesalamine preparations were shown to be superior to 
placebo in maintaining remission [ 18 ]. A pooled analysis of 
11 RCTs and 1,502 patients found that relative risk of 
relapse for patients on 5-ASAs was 0.65 (95 % CI 0.55–
0.76) compared to placebo [ 18 ]. The number needed to treat 
was 4 [ 18 ].  

    Delayed-Release Mesalamine (Asacol) 
Versus Placebo 

 The effi cacy of Asacol compared to placebo in maintaining 
remission in UC patients was studied in two RCTs. 
Hanauer et al. randomized patients to Asacol 1.6 g/day, 
Asacol 0.8 g/day, and placebo groups, and they were 
treated for a period of 6 months. The remission rates in 
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Asacol 1.6 g/day group, 0.8 g/day group, and placebo were 
66 %, 59 %, and 39 %, respectively. Both doses of Asacol 
maintained signifi cantly better remission rates compared 
to placebo, but there was no difference in the remission 
rates of Asacol 1.6 g/day and Asacol 0.8 g/day [ 34 ]. In 
another RCT, Asacol 1.2 g/day for 12 months maintained 
remission in 77 % of patients compared to 51 % of patients 
in the placebo group ( p  = 0.035) [ 35 ].  

    Pentasa Versus Placebo 

 Miner et al. demonstrated that Pentasa 4 g/day was signifi -
cantly superior to placebo in maintaining remission at 12 
months. Around 36 % of patients receiving Pentasa relapsed 
compared to 64 % of patients on placebo ( p  < 0.05) [ 36 ].  

    Apriso Versus Placebo 

 Lichtenstein and his colleagues demonstrated the superiority 
of Apriso (mesalamine granules) over placebo in maintain-
ing remission at 6 months. A total of 305 patients were ran-
domized to either Apriso (i = 209) 1.5 g/day or placebo 
( n  = 96). The percentage of patients who remained in remis-
sion at the end of 6 months was signifi cantly higher in the 
Apriso group (78.9 %) compared to placebo (58.3 %) 
( p  < 0.001) [ 37 ].  

    Olsalazine Versus Placebo 

 In two clinical trials comparing olsalazine to placebo, there 
was no statistically signifi cant difference in their effi cacy to 
maintain remission in patients with inactive UC (RR = 0.72, 
95 % CI 0.40–1.30) [ 38 ,  39 ].  

    Mesalamine Versus Sulfasalazine 

 The latest Cochrane meta-analysis demonstrated that sul-
fasalazine was signifi cant to newer mesalamine preparations 
in its effi cacy to maintain remission [ 33 ]. The Peto odds ratio 
for failure to maintain clinical or endoscopic remission 
between sulfasalazine and mesalamine formulations was 1.29 
(95 % CI 1.05–1.57), with a negative number needed to treat 
of 19 [ 35 ]. Also, the adverse event profi le of sulfasalazine and 
newer 5-ASA drugs was found to be similar (odds ratio 1.16 
for sulfasalazine and odds ratio of 1.3 for newer mesalamine 
preparations). But authors also observed that trials might be 
biased in favor of sulfasalazine because the patients enrolled 
in sulfasalazine trials were tolerant to sulfasalazine, and this 
might have minimized its adverse effects [ 33 ]. 

 In meta-analysis by Nikfar et al., there was no statistically 
signifi cant difference between pH-dependent and pH- 
independent mesalamine preparations and sulfasalazine 
relapse rates [ 29 ]. The pooled analysis of 6 trials showed 
nonsignifi cant relative risk of 0.98 (95 % CI 0.78–1.23, 
 p  = 0.85) [ 29 ]. The pooled analysis of fi ve trials comparing 
olsalazine and sulfasalazine yielded a nonsignifi cant relative 
risk of 0.93 (95 % CI 0.77–1.12,  p  = 0.42), showing no differ-
ence in their effi cacy to maintain remission. Similarly, pooled 
analysis of two trials comparing balsalazide to sulfasalazine 
yielded a nonsignifi cant relative risk of 1.3 (95 % CI 0.93–
1.81,  p  = 0.12) [ 29 ].  

    Comparison Between Different Mesalamine 
Drugs for Maintenance of Remission 

 In a recent meta-analysis, Ford et al. did not fi nd any statisti-
cally signifi cant difference between the type of mesalamine 
preparation and their effi cacy in preventing a relapse in 
patients with inactive UC (Cochrane  Q  = 1.23,  p  = 0.54) [ 18 ]. 

 In a meta-analysis by Rahimi et al., balsalazide was supe-
rior to mesalamine in maintaining remission in UC patients. 
A pooled analysis of two trials yielded a nonsignifi cant rela-
tive risk of 0.77 (95 % CI 0.56–1.07,  p  = 0.12) [ 30 ]. In an 
RCT by Courtney et al., olsalazine was found to be superior 
to mesalamine in maintaining remission. Patients were 
treated with olsalazine 1 g/day and mesalamine 1.2 g/day for 
12 months. The relapse rate was signifi cantly lower in the 
olsalazine group (12 %) than in the mesalamine group 
(33 %), with a signifi cant  p  value of 0.024 [ 40 ]. 

 In an RCT, Prantera et al. compared MMX mesalamine 
and Asacol. A total of 331 patients were randomized to 
receive either MMX mesalamine ( n  = 162, 2.4 g/day once 
daily) or Asacol ( n  = 169, 2.4 g/day in two divided doses) for 
12 months [ 41 ]. Sixty   -eight percent (68 %) of patients in the 
MMX mesalamine group and 66 % of patients in the Asacol 
group were in clinical remission ( p  = 0.69), while 61 % of 
patients in the MMX mesalamine group and 62 % of patients 
in the Asacol group were in clinical and endoscopic remis-
sion ( p  = 0.89). This study demonstrated that there was no 
signifi cant difference in effi cacy of MMX mesalamine and 
Asacol in maintaining remission in UC patients [ 41 ]. 
Similarly, in    a recent RCT by D’Haens et al., it was demon-
strated that MMX mesalamine and delayed-release mesala-
mine (Asacol) were similar in their effi cacy for the 
maintenance of endoscopic remission in UC patients. MMX 
mesalamine (2.4 g/day once daily) maintained endoscopic 
remission in 83.7 % of per protocol population compared to 
81.5 % by delayed-release mesalamine (1.6 g/day twice 
daily dosage) [ 42 ]. 

 In a multicenter randomized, double-blind study, Ito et al. 
compared effi cacy of pH-dependent mesalamine (65 

7 Contrast and Comparison of Mesalamine Derivatives in the Treatment of Ulcerative Colitis
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patients) to time-dependent mesalamine (66 patients) prepa-
rations in the maintenance of remission. At the end of 48 
weeks of treatment, 77 % patients in the pH-dependent 
5-ASA group and 69 % of patients in the time-dependent 
5-ASA group were in remission. Thus, both preparations 
were similar in their effi cacy of maintaining remission in UC 
patients [ 43 ]. But patients receiving pH-dependent 5-ASA 
were in remission longer than those receiving time- dependent 
5-ASA [ 43 ].   

    Topical Mesalamine in the Induction 
of Remission 

 Several randomized controlled studies and meta-analyses 
have demonstrated the effi cacy of topical mesalamine prepa-
rations in the induction of remission in active distal ulcer-
ative colitis (proctitis and left-sided colitis). Current ACG 
guidelines recommend topical mesalamine as the fi rst-line 
treatment for patients with mild to moderately active ulcer-
ative proctitis, while combination therapy of oral and topical 
mesalamine is recommended for active left-sided colitis [ 1 ]. 
But the main disadvantage of rectal therapy seems to be poor 
patient tolerability. Some of the reasons for this include 
problems with retention and leakage, diffi culty in adminis-
tration, and patient discomfort. 

    Topical Mesalamine Versus Placebo 

 In several RCTs, mesalamine suppositories and liquid ene-
mas have demonstrated their superiority over placebo in the 
induction of remission [ 44 – 51 ]. In the most recent meta- 
analysis by Marshall and his colleagues, rectal 5-ASA was 
demonstrated to be superior to placebo in all respects, i.e., 
induction of symptomatic, endoscopic, and histologic 
improvement and remission [ 52 ]. In a pooled analysis of 
eight trials, the odds ratio in favor of topical mesalamine for 
symptomatic remission was 8.3 (95 % CI 4.28–16.28, 
 p  < 0.00001), odds ratio for endoscopic remission was 5.31 
(seven trials, 95 % CI 3.15–8.92,  p  < 0.00001), and odds ratio 
for histologic remission was 6.28 (fi ve trials, 95 % CI 2.74–
14.4,  p  < 0.0001) [ 52 ].  

    Topical Mesalamine Versus Topical Steroids 

 Meta-analyses and RCTs have shown that rectal mesalamine 
preparations are superior to rectal steroids in the induction of 
remission in patients with active UC. In the meta-analysis of 
seven trials by Marshall et al., the pooled odds ratio in favor 
of rectal mesalamine for induction of symptomatic 
 improvement was 1.56 (95 % CI 1.15–2.11,  p  = 0.004) and 

for induction of symptomatic remission was 1.65 (95 % CI 
1.11–2.45,  p  = 0.01) [ 52 ].  

    Topical Mesalamine Versus Oral Mesalamine or 
Combination of Oral and Rectal Mesalamine 

 In the fi rst meta-analysis published by Marshall et al. in 
1995, the topical mesalamine was found to be signifi cantly 
superior to oral mesalamine in the induction of both symp-
tomatic improvement (odds ratio 6.3, 95 % CI 2.7–14.5) and 
symptomatic remission (odds ratio 4.1, 95 % CI 1.4–10.9) 
[ 53 ]. Several randomized controlled trials have also demon-
strated superiority of rectal 5-ASA over oral 5-ASA inactive 
UC [ 54 – 56 ]. An RCT published by Prantera et al. in 2005 
found that MMX mesalamine (1.2 g/day) was superior to 
mesalamine suspension (4 g/day) after 8 weeks of treatment 
[ 57 ]. But several concerns regarding the design of the trial 
were raised [ 58 ]. The primary end point in this trial was set 
at 8 weeks in contrast to 3–6 weeks set in other induction of 
remission studies. The 5-ASA suspension arm was numeri-
cally superior to oral 5-ASA groups at 4 weeks (68 % vs. 
58 % respectively) [ 58 ]. Also results in this study were con-
founded by high dropout rate of 30 % in the 5-ASA suspen-
sion arm. In the latest meta-analysis published by Marshall 
et al., which included Prantera et al.’s study, the rectal 5-ASA 
was not found superior to oral 5-ASA. The pooled odds ratio 
for symptomatic improvement was 2.25 (95 % CI 0.53–
19.54,  p  = 0.27) [ 52 ]. 

 In another recent meta-analysis published by Ford et al., 
there was no signifi cant difference between oral and rectal 
5-ASA in the induction of remission in patients with mild to 
moderate UC [ 59 ]. In the pooled analysis of four RCTs, the 
relative risk of failure to achieve remission with topical 
mesalamine compared to oral mesalamine was 0.82 (95 % CI 
0.52–1.28). Ford et al. also demonstrated that combination 
treatment with rectal and oral mesalamine was signifi cantly 
superior to oral mesalamine alone in the induction of remis-
sion in mild to moderately active UC [ 59 ]. The relative risk 
of failure to achieve remission with combined therapy com-
pared to oral therapy alone was 0.65 (four RCTs, 95 % CI 
0.47–0.91). The number needed to treat with combined ther-
apy to achieve remission was 5 [ 59 ].  

    Comparison Among Various Topical 
Mesalamine Preparations 

 In their systematic review, Harris and Lichtenstein con-
cluded that all four rectal mesalamine preparations were 
equally effi cacious in the treatment of proctitis. They also 
suggested that suspension enemas, gels, and foams were 
equal in their effi cacy for treatment of active distal UC [ 58 ]. 
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A study by Campieri et al. demonstrated that mesalamine 
suspension enema was similar in effi cacy to mesalamine 
suppositories in the treatment of active proctitis [ 60 ]. In a 
single-blind, randomized study, mesalamine foam and gel 
were equal in effi cacy when used in patients with active 
distal UC. But gel preparation was better tolerated by 
patients [ 61 ]. In another randomized, single-blind study, 
the response rates were comparable between mesalamine 
foam arm and mesalamine suspension arm when used in 
patients with distal UC [ 62 ].   

    Topical Mesalamine in the Maintenance 
of Remission 

 Topical mesalamine has also shown to be effective in the 
maintenance of remission in distal UC patients up to 1 year 
[ 58 ]. Current American College of Gastroenterology guide-
lines recommend 5-ASA as the fi rst-line therapy for the 
maintenance of remission in patients with left-sided inac-
tive UC [ 1 ]. 

    Topical Mesalamine Versus Placebo 

 In a meta-analysis of seven randomized controlled trials 
(total 555 patients), topical mesalamine demonstrated its 
superiority over placebo in the maintenance of remission in 
quiescent UC. The relative risk of relapse for patients on 
topical mesalamine compared to those on placebo was 0.60 
(95 % CI 0.49–0.73) [ 63 ]. The number needed to treat was 3. 
Since only one trial included patients with extensive colitis, 
the authors concluded that topical mesalamine was only 
effective in maintaining remission in patients with inactive 
distal colitis [ 63 ].  

    Topical Mesalamine Versus Oral Mesalamine 
Versus Combination of Oral and Topical 
Mesalamine 

    In a meta-analysis of three RCTs (total 129 patients), Ford 
et al. demonstrated that intermittent therapy with topical 
mesalamine was superior to oral therapy in the prevention of 
relapse in those with inactive UC [ 59 ]. The relative risk of 
relapse with topical mesalamine compared to oral mesala-
mine was 0.64 (95 % CI 0.43–0.95). The number needed to 
treat with intermittent topical mesalamine therapy was 4 
(95 % CI 2–14) [ 59 ]. In the same meta-analysis, pooled anal-
ysis of two RCTs comparing combined therapy with oral and 
topical mesalamine to oral mesalamine alone did not show 
any signifi cant difference in the relapse rates. The relative 

risk of relapse with combined therapy compared to oral 
mesalamine alone was 0.48 (95 % CI 0.17–1.38) [ 59 ].   

    Adverse Effects/Tolerability of Mesalamine 
Preparations 

 Mesalamine preparations are well tolerated compared to sul-
fasalazine. The most common adverse effects with mesala-
mine are nausea, vomiting, diarrhea, headache, and rash 
[ 14 ]. These are usually dose related. Less common side 
effects, which are idiosyncratic, include pancreatitis, hepati-
tis, pneumonitis, nephrotoxicity, leukopenia, hemolytic ane-
mia, agranulocytosis, and pulmonary fi brosis [ 7 ]. 

 Two side effects, which are seen more frequently with 
mesalamine preparations than sulfasalazine, are worsen-
ing of diarrhea and nephrotoxicity [ 64 ]. Worsening of 
diarrhea is particularly more common with olsalazine. In 
clinical trials of olsalazine approximately 36 % of patients 
experienced worsening of diarrhea, and about 10–20 % of 
them had to be withdrawn [ 64 ]. Drug-induced diarrhea is 
characterized by increased diarrhea (usually bloody), 
urgency, nocturnal diarrhea, fevers, myalgia, and arthral-
gia. These usually begin within 24–48 h after starting the 
medication and resolve within 24–48 h after discontinu-
ing the medication [ 64 ]. 

 Renal toxicity is a very rare side effect of mesalamine 
preparations [ 64 ]. Though animal studies demonstrated a 
signifi cant nephrotoxicity with high doses of mesalamine, in 
clinical practice this is rarely reported [ 65 ]. A large British 
epidemiological study showed that risk of renal toxicity with 
mesalamine/sulfasalazine is very low, and it can be partly 
attributed to underlying IBD [ 66 ]. 

    Mesalamine Versus Placebo 

 In a meta-analysis of ten induction of remission studies, 
there was no signifi cant difference between mesalamine 
preparations and placebo in the likelihood of experiencing 
any adverse event (RR = 1.02, 95 % CI 0.8–1.29) [ 38 ]. Also 
there was no statistically signifi cant difference in the fre-
quency of any individual adverse event except that there was 
a lower risk of abdominal pain with mesalamine [ 18 ]. 

 In a pooled analysis of fi ve maintenance of remission 
trials, there was no statistically signifi cant difference 
between mesalamine preparations and placebo in the 
 incidence of total adverse events (RR = 0.98, 95 % CI 
0.84–1.15) or individual adverse event like nausea or vom-
iting or headache [ 18 ]. Also there was no signifi cant differ-
ence detected in the incidence of adverse events between 
topical mesalamine and placebo when used to prevent 
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relapse of UC. A pooled analysis of 6 trials yielded an RR 
of 1.01 (95 % CI 0.59–1.72) [ 18 ].  

    Mesalamine Versus Sulfasalazine 

 In Cochrane meta-analysis of the induction of remission tri-
als, sulfasalazine resulted in signifi cantly higher proportion 
of withdrawals due to adverse events compared to mesala-
mine preparations [ 19 ]. But in the maintenance of remission 
trials, there was no difference in the number of adverse 
events between sulfasalazine and mesalamine. Authors noted 
that there might be a bias in favor of sulfasalazine as most 
studies included patients who were known to be tolerant to 
sulfasalazine in the past [ 33 ]. In another meta-analysis by 
Nikfar et al., there was no difference in the incidence of 
adverse events or withdrawals due to adverse events between 
sulfasalazine and mesalamine (delayed and controlled 
release) or sulfasalazine and olsalazine [ 29 ]. There were sig-
nifi cantly higher withdrawals due to adverse events with sul-
fasalazine compared to balsalazide [ 29 ].  

    Comparison Between Mesalamine 
Preparations 

 Loftus and his colleagues performed a systematic review of 
46 trials to evaluate the difference in the short-term adverse 
effects of various mesalamine preparations. They concluded 
that all three mesalamine preparations resulted in similar 
adverse events in short term [ 67 ]. Though olsalazine resulted 
in higher number of adverse events than placebo, this differ-
ence was not statistically signifi cant [ 67 ]. Rahimi et al. in 
their meta-analysis showed that the number of patients with 
any adverse events and withdrawals due to serious adverse 
events was similar for balsalazide and mesalamine [ 30 ].   

    Mesalamine Dosing 

 The Cochrane meta-analysis demonstrated a trend toward 
dose-response relationship in the induction of remission tri-
als and no dose-response relationship in the maintenance of 
remission trials [ 19 ,  33 ]. 

 In ASCEND I (Assessing the Safety and Clinical Effi cacy 
of New Dose of 5-ASA) trial, patients with mild to moder-
ately active UC were randomized to receive either 4.8 or 
2.4 g/day of mesalamine. There was signifi cant improvement 
on the higher-dose mesalamine compared to standard dose in 
patients with moderately active UC (57 % in 2.4 g/day vs. 
72.4 % in 4.8 g/day,  p  = 0.0384), but not in those with mild 

disease [ 68 ]. In ASCEND 2 trial, which only included 
patients with moderately active UC, patients were  randomized 
to receive 4.8 or 2.4 g/day. There was signifi cant treatment 
success with 4.8 g/day than 2.4 g/day (72 % vs. 59 %; 
 p  = 0.036) [ 69 ]. Thus, results of ASCEND I and ASCEND II 
trials suggest that dose of 2.4 g/day is suffi cient to induce 
remission in patients with mild disease, while those with 
moderately active UC benefi t from higher dose of 4.8 g/day 
[ 69 ]. The ASCEND III trial, which also compared mesala-
mine 4.8 g/day to 2.4 g/day in moderately active UC, showed 
no difference in the effi cacy between the two doses. This 
showed that higher-dose mesalamine (4.8 g/day) is not effec-
tive in all patient populations. Indeed, in post hoc analysis, 
therapeutic benefi t of 4.8 g/day over 2.4 g/day dose was seen 
in patients on multiple UC medications [ 70 ]. 

 The meta-analysis by Ford et al. demonstrated that a 
mesalamine dose of ≥2 g/day was superior to <2 g/day dose 
both for induction of remission (RR = 0.91, 95 % CI 0.85–
0.98) and prevention of relapse (RR = 0.79, 95 % CI 0.64–
0.97) [ 38 ]. Also this meta-analysis showed that doses ≥2.5 g/
day were not superior to doses between 2 and 2.4 g/day (see 
Tables  7.5  and  7.6  for details) [ 18 ].

    Also recent meta-analyses and RCTs have demonstrated 
that once-daily dosing is at least as effective as conventional 
dosing [ 23 ,  32 ,  56 ,  71 ]. Feagan and Macdonald performed a 
meta-analysis comparing once-daily dosing of oral mesala-
mine to conventional dosing. There was no signifi cant differ-
ence between once-daily dosing and conventional dosing in 
terms of clinical remission (RR = 0.95, 95 % CI 0.82–1.10), 
clinical improvement (RR = 0.87, 95 % CI 0.68–1.10), or 
relapse at 6 months (RR = 1.10, 95 % CI 0.83–1.46) or 12 
months (RR = 0.92, 95 % CI 0.83–1.03) [ 72 ]. There was no 
difference in the compliance rates between once-daily dos-
ing and conventional dosing. But authors attributed this to 
higher compliance observed in clinical trial environment 
[ 72 ]. Similarly, the meta-analysis by Ford et al. showed for 
the prevention of relapse once daily mesalamine was equally 
effective as conventional dosing schedules (RR of 
relapse = 0.94; 95 % CI 0.82–1.08) [ 73 ]. There was no differ-
ence in the frequency of adverse events (RR = 1.08, 95%CI 
0.97–1.20), but there was no any evidence to suggest that 
compliance was superior with once-daily dosing (RR = 0.87; 
95 % CI 0.46–1.66) [ 73 ]. See Table  7.7  for details.

       Conclusion 

 Mesalamine is the fi rst-line agent for both induction of 
remission and maintenance of remission in patients 
with mild to moderately severe ulcerative colitis. Topical 
mesalamine is the preferred treatment for patients with dis-
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tal disease, and combination of oral and rectal mesalamine is 
preferred in patients with more extensive disease. Several 
individual studies and meta-analyses have demonstrated 
the superiority of mesalamine over placebo. Sulfasalazine 
was the fi rst mesalamine-containing drug used, but due to 
its intolerance, several newer mesalamine agents have 
been developed without the sulfa component. Newer mesa-

lamine preparations have been shown to be equivalent to 
sulfasalazine in their effi cacy to induce remission and 
maintain remission. Also, various newer mesalamine prep-
arations are similar in their effi cacy. Therefore, the choice 
of initial agent should be based on patient preference, cost-
effectiveness, tolerability, and patient’s ability to comply 
with the treatment regimen.     

   Table 7.6    Characteristics of randomized controlled trials of high- or standard-dose 5-ASAs vs. low-dose 5-ASAs in preventing relapse in 
 quiescent ulcerative colitis   

 Study 

 Country and 
number of 
centers  Disease distribution 

 Criteria used to defi ne 
relapse 

 Number 
of 
patients  5-ASA used 

 Duration 
of therapy 
(months)  Methodology 

 Azad Khan 
et al. (1977) 
[ 7 ] 

 UK, 1 site  Not reported  Sigmoidoscopic relapse  170  Sulfasalazine 
1, 2, or 4 g 
daily 

  6  Randomization, 
concealment, and 
blinding unclear 

 Green et al. 
(2002) [ 112 ] 

 UK, 4 sites  33 % pancolitis, 40 % 
left-sided colitis, 27 % 
proctosigmoiditis 

 Increased stool 
frequency for 1 week 
and friable mucosa or 
spontaneous 
hemorrhage at 
sigmoidoscopy 

 108  Balsalazide 3 
or 6 g daily 

 12  Randomization and 
concealment 
unclear, double 
blind 

 Travis et al. 
(1994) [ 102 ] 

 UK and 
Sweden, 2 
sites 

 35 % pancolitis, 48 % 
left-sided colitis, 17 % 
proctosigmoiditis 

 Increase in bowel 
frequency with blood or 
mucus and active 
disease on 
sigmoidoscopy 

 198  Olsalazine 
500 mg, 1 g, or 
2 g daily 

 12  Randomization, 
concealment, and 
blinding unclear 

 Fockens et al. 
(1995) [ 113 ] 

 Holland, 12 
sites 

 22 % pancolitis, 28 % 
left-sided colitis, 50 % 
proctosigmoiditis 

 Clinical assessment and 
sigmoidoscopic score 
of >2 out of 18 

 169  Mesalamine 
(Pentasa) 
500 mg or 
1 g t.i.d. 

 12  Randomization and 
concealment 
unclear, double 
blind 

 Kruis et al. 
(2001) [ 99 ] 

 Germany, 21 
sites 

 40 % pancolitis, 34 % 
left-sided colitis, 24 % 
proctosigmoiditis 

 CAI ≥6 and EI >4   89  Balsalazide 1.5 
or 3 g b.i.d. 

  6  Randomization and 
concealment 
unclear, double 
blind 

 Paoluzi et al. 
(2005) [ 103 ] 

 Italy, 1 site  23 % pancolitis, 77 % 
left-sided colitis 

 Clinical or endoscopic 
relapse 

 156  Mesalamine 
(Asacol) 400 
or 800 mg t.i.d. 

 12  Randomization and 
concealment 
unclear, single blind 

 Kruis et al. 
(2011) [ 104 ] 

 Multinational, 
65 sites 

 Not reported  EI >3  648  Mesalamine 
(Salofalk) 3 g 
o.d., 1.5 g o.d., 
or 500 mg t.i.d. 

 12  Randomization and 
concealment stated, 
double blind 

   5-ASA  5-aminosalicylic acid,  b.i.d.  twice daily,  CAI  clinical activity index,  o.d.  once daily,  EI  endoscopic index,  RCT  randomized controlled trial, 
 t.i.d.  three times daily,  UC  ulcerative colitis 
 Reprinted from Ford AC, Achkar JP, Khan KJ, Kane SV, Talley NJ, Marshall JK, Moayyedi P. Effi cacy of 5-aminosalicylates in ulcerative colitis: 
systematic review and meta-analysis. Am J Gastroenterol. 2011 Apr;106(4):601-16. © Nature Publishing Group 2011) [ 18 ]  
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        Introduction 

 Proctitis and left-sided colitis represent the majority of newly 
diagnosed ulcerative colitis (UC) cases [ 1 – 3 ]. Affected 
patients, with infl ammation limited to the distal 60 cm of the 
colon, can be effectively treated with both oral and topical 
mesalamine formulations. The current 2010 American 
College of Gastroenterology guidelines state that for mild to 
moderate distal ulcerative colitis, topical mesalamine is 
superior to oral mesalamine or topical steroids [ 4 ]. 
Furthermore, the combination of oral and topical mesala-
mine is more effective than either agent alone.  

    Rationale for Topical Mesalamine Use 
in Ulcerative Colitis 

 Professor Nanna Svartz fi rst described the use of sulfasala-
zine in the treatment of ulcerative colitis in 1941, though the 
fi rst report of a placebo-controlled trial of the medication 
for ulcerative colitis did not occur until 1962 [ 5 – 7 ]. Still, 
the mechanism of the medication’s effi cacy remained 
 uninvestigated until the 1977 study by Azad Khan, Piris, 

and Truelove [ 8 ]. Sulfasalazine is a conjugate of 
 5-aminosalicylic acid (5-ASA) and sulfapyridine, linked by 
an azo bond. About 1/3 of the drug is absorbed in the upper 
GI tract [ 9 ]. Upon delivery of the drug to the colon, colonic 
bacteria cleave the azo bond, releasing 5-ASA and sulfapyri-
dine [ 10 ]. While most of the sulfapyridine is absorbed, very 
little of the 5-ASA is absorbed [ 11 ]. 

 Azad Khan, Piris, and Truelove investigated whether sul-
fasalazine’s therapeutic effi cacy was provided by the parent 
compound itself or one of the two products found in the 
colon: 5-ASA or sulfapyridine [ 8 ]. The authors noted that 
when given as individual oral medications, 5-ASA and sulfa-
pyridine were almost completely absorbed in the small intes-
tine. Thus, their study could not compare the effects of oral 
sulfasalazine to oral 5-ASA and sulfapyridine. Instead, the 
authors formulated retention  enemas containing sulfasala-
zine, 5-ASA, and sulfapyridine to determine the direct effects 
of these compounds on the colonic mucosa. 

 In patients receiving enema formulations of these com-
pounds for 2 weeks, 30 % of the patients receiving topical 
sulfasalazine or 5-ASA had histologic improvement of 
colonic infl ammation on fl exible sigmoidoscopy biopsies, 
while only 5 % of those receiving sulfapyridine improved 
[ 8 ]. Thus, this study demonstrated that 5-ASA was the active 
component of sulfasalazine. Furthermore, this study demon-
strated the effi cacy of topical treatment with 5-ASA and sul-
fasalazine in ulcerative colitis. 

 This study was soon followed by several other studies of 
sulfasalazine enemas. Palmer, Goepel, and Holdsworth 
found improvement in 70 % of patients taking a 3 g sul-
fasalazine enema for 2 weeks versus improvement in 11 % of 
those taking placebo in a double-blind study [ 12 ]. Frimberger 
et al. found a 73.6 % response rate in a double-blind study 
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of 33 patients with left-sided ulcerative colitis on 3 % 
 sulfasalazine enemas [ 13 ]. 

 Early studies, such as the one by Palmer et al., describe 
the need to evaluate topical sulfasalazine therapy because of 
many patients’ inability to tolerate oral sulfasalazine due to 
nausea and vomiting [ 12 ]. A further rationale    for the use of 
topical mesalamine to target this medication to the distal 
colon has been the variability of 5-ASA concentrations in 
this area after ingestion of oral 5-ASA. The achieved muco-
sal concentration of 5-ASA in the distal colon when deliv-
ered orally is dependent on several variables such as pH and 
colonic transit, with evidence that the highest 5-ASA con-
centrations are found in the proximal colon [ 14 – 16 ]. 

 Topical therapy increases mucosal mesalamine concen-
tration up to the splenic fl exure. In a study of 22 patients with 
mild to moderate ulcerative colitis that were randomized to 
receive 2.4 g of oral mesalamine plus 4 g/day of topical 
mesalamine or 2.4 g of oral mesalamine alone, biopsies were 
taken from the rectum and from the descending colon, just 
distal to the splenic fl exure, after 2 weeks of therapy [ 17 ]. 
High performance liquid chromatography analysis of these 
biopsies showed that mucosal levels of mesalamine in the 
rectum were signifi cantly higher in the group that received 
oral plus topical therapy than in the group that received oral 
therapy alone (52.1 ng/mg, range 13.6–122.1 ng/mg, vs. 
0.2 ng/mg, range 0.2–9.7 ng/mg;  p  < 0.0001). Mucosal mesa-
lamine levels in the descending colon were also signifi cantly 
higher in patients who received oral plus topical therapy as 
compared to those who received oral therapy alone (46.6 ng/
mg, range 6–112.6 ng/mg, vs. 15.9 ng/mg, range 2.3–42.4 ng/
mg;  p  = 0.01) [ 17 ]. 

 Furthermore, higher mucosal levels of 5-ASA do appear 
to correlate with improvements in colonic infl ammation. 
A group of 24 ulcerative colitis patients receiving 2.4–3.2 g 
of oral mesalamine per day, of which 4 patients were also 
receiving topical 5-ASA treatment at 2 g/day, underwent 
endoscopic biopsies of the rectum [ 18 ]. 5-ASA concentra-
tions in the biopsies were measured by high performance 
liquid chromatography. Higher mucosal concentrations of 
5-ASA were associated with signifi cantly lower endoscopic 
scores of infl ammation severity as well as with lower scores 
of histologic infl ammation [ 18 ].  

    Topical Mesalamine Formulations 

 Suppositories, enemas (liquid suspensions), gels, and foam 
formulations of topical mesalamine have been developed, 
though only suppositories and enemas are currently com-
mercially available in the United States. 

 5-ASA suppositories are effi cacious in treating rectal and 
sigmoid colon infl ammation. In a study of six patients with  
infl ammatory bowel disease (IBD) compared with six 
healthy controls,  99m Tc 5-ASA suppositories localized to the 
sigmoid colon and rectum over a 3-h study period (Fig.  8.1 ) 
[ 19 ]. A double-blind, placebo- controlled trial of patients 
with 9–10 cm of proctitis using 500 mg 5-ASA or placebo 
suppositories three times daily resulted in remission in 
78.6 % (11/14) of the treatment group after 6 weeks [ 19 ]. 
None of the 11 patients remaining in the placebo group at the 
end of 6 weeks achieved remission. More recently, a single-
center, single-blind trial of 403 patients with mild to moder-

  Fig. 8.1       Distribution of 5-ASA suppository in a patient with ulcerative 
proctitis.  99m Tc-labeled 5-ASA suppository was given to a patient with 
refractory ulcerative proctitis. The medication spread to the sigmoid 
colon after 3.5 h in ( a )  anterior view  and ( b )  right lateral view. From 
Williams CN ,  Haber G ,  Aquino JA. Double-blind ,  placebo-controlled 

evaluation of 5-ASA suppositories in active distal proctitis and mea-
surement of extent of spread using    99m   Tc-labeled 5-ASA suppositories. 
Dig Dis Sci. 1987;32(12 Suppl):71S–75S. With permission from 
Springer © 1987  [ 19 ]       
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ately active proctitis taking 1 g 5-ASA suppositories 
administered nightly as compared to 500 mg suppositories 
given three times daily showed non- inferiority for the once-
daily dosing, with clinical remission rates of 87.9 % and 
90.7 %, respectively, in a per protocol analysis [ 20 ].

   Mesalamine foam is also useful in the treatment of left- 
sided ulcerative colitis. In a randomized, double-blind, 
placebo- controlled study of 2 g of mesalamine foam vs. pla-
cebo in 111 patients with mild to moderately active proctitis, 
proctosigmoiditis, or left-sided ulcerative colitis over a 
6-week period, 65 % in the treatment group versus 40 % in 
the placebo group achieved clinical remission, 57 % vs. 
37 % achieved endoscopic remission, and 59 % vs. 41 % had 
improved histologic indices [ 21 ]. The treatment group uti-
lized two 1 g 5-ASA foam enemas. In a subgroup analysis, 
the clinical benefi t of treatment was seen in the group with 
mild disease (with a clinical disease activity index of eight or 
less), but was not seen in the smaller group of 16 patients 
with moderate disease activity. In terms of disease location, 
patients with proctosigmoiditis had the highest response rate 
to treatment (61 %), as compared to those with proctitis 
(54 %) or left-sided colitis (40 %). 

 A crossover study of 10 patients compared a  99m Tc-labeled 
preparation of 4 g 5-ASA in 20 mL foam vs. 4 g 5-ASA in 
100 mL suspension enemas [ 22 ]. In vitro studies of the foam 
suggested that the 4 g foam expanded to 180–200 mL after 
being expelled with a propellant gas. Study subjects were 
asked to lie supine for 4 h after administration. After 120 min, 
6/10 patients receiving the 5-ASA foam had homogenous 
coverage of the medication in the descending colon, 3/10 had 
nonhomogenous spread in the descending colon, and 1/10 
had no drug coverage in the descending colon. In the 5-ASA 
enema group, 7/10 had nonhomogenous coverage in the 
descending colon, while 3/10 had no coverage. 

 The total foam volume does not appear to determine effi -
cacy. A 2007 study by Eliakim et al. reported remission rates 
of 77 % after 6 weeks of twice-daily treatment with either a 
30 mL or a 60 mL 1 g mesalamine foam [ 23 ]. 

 A gel formulation of mesalamine has also been designed 
with the hope for effi cacy with easier tolerability and less 
“messy” application. Unlike the mesalamine foam, a propel-
lant gas is not instilled into the colon with the gel formula-
tion. A 4 g/60 mL 5-ASA gel was tested in a study of 12 
patients with mild to moderately active ulcerative colitis 
[ 24 ]. In this open-label study, patients were asked to lie on 
their left side for 4 h after administration of a  99m Tc-labeled 
gel. 11/12 (92 %) of patients had spread of the gel beyond the 
sigmoid colon, while 6/12 (50 %) had coverage past the 
splenic fl exure [ 24 ]. In a randomized, multicenter, 
investigator- blind trial of 103 patients with mild to moderate 
left-sided ulcerative colitis or proctosigmoiditis, the effi cacy 
of a 2 g/60 mL 5-ASA gel enema was compared to a 
2 g/120 mL 5-ASA foam enema over a 4-week treatment 

period [ 25 ]. After 4 weeks of therapy, clinical remission was 
observed in 76 % of patients using the gel and 69 % using the 
foam. Endoscopic remission was achieved in 51 % using the 
gel and 52 % using the foam. Patients using the foam reported 
more diffi culty in retention (25 % vs. 6 %), more bloating 
(50 % vs. 26 %), and more discomfort (48 % vs. 26 %) [ 25 ]. 

 The distribution of all of the topical mesalamine formula-
tions is variable and is partially dependent on patient factors, 
such as severity of infl ammation and ability to lie on their 
left side for an extended time after administration. In gen-
eral, suppositories are expected to reach the rectum, foams 
are expected to reach the rectum and sigmoid, and gel and 
liquid enemas can reach the splenic fl exure (Fig.  8.2 ).

       Topical 5-ASA for Induction of Left-Sided 
Ulcerative Colitis Remission 

 Marshall et al. published a Cochrane Database systematic 
review of rectal 5-aminosalicylic acid for induction of remis-
sion in ulcerative colitis, evaluating randomized trials com-
paring rectal 5-ASA to placebo or another active therapy in 
patients with ulcerative colitis with a distal disease margin 
60 cm from the anal verge or distal to the splenic fl exure 
[ 26 ]. The authors conducted a search of the MEDLINE 
 database (1966–2008), the Cochrane Central Register of 
Controlled Trials and the Cochrane IBD/FBD Group 
Specialized Trials Register, as well as manual reviews of ref-
erence listings and conference proceedings. Thirty-eight tri-
als fulfi lled the inclusion criteria. This group found that 

  Fig. 8.2    Expected distribution of topical mesalamine formulations. 
( a ) Suppositories reach the rectum. ( b ) Foam reaches the rectum and 
sigmoid colon. ( c ) Liquid and gel enemas can reach the splenic fl exure. 
 From Marshall JK ,  Irvine EJ. Putting rectal 5-aminosalicylic acid in its 
place: The role in distal ulcerative colitis. Am J Gastroenterol. 
2000;95(7):1628–1636  [ 57 ]       

 

8 Topical Mesalamine



104

topical 5-ASA was superior to placebo for inducing 
 remission, with a pooled odds ratio for eight trials of 8.30 for 
symptomatic remission (95 % CI 4.28–16.12,  p  < 0.00001). 
The pooled odds ratio for seven of the same eight trials for 
endoscopic remission was 5.31 (95 % CI 3.15–8.92, 
 p  < 0.00001). Furthermore, the pooled odds ratio for histo-
logic remission was 6.28 (5 trials, 95 % CI 2.74–14.40; 
 p  < 0.0001) (Table  8.1 ).

   Our group at the University of Chicago conducted a 
 meta- analysis and overview of the mesalamine literature 

from 1958 to 1997 on treatment options for left-sided 
 ulcerative colitis and ulcerative proctitis [ 27 ]. This overview 
reported that in placebo-controlled trials studying mesala-
mine enemas in active left-sided ulcerative colitis, mesala-
mine enemas showed a duration, but not dose response, in 
achieving remission. 

 In the University of Chicago study, meta-analyses were 
conducted for studies examining mesalamine suppository 
treatment for ulcerative proctitis. One of these meta-analyses 
included two studies of 1 g mesalamine suppositories 

   Table 8.1    Summary of results from trials included in the Marshall et al. meta-analyses of studies comparing rectal 5-ASA to placebo for clinical 
remission, endoscopic remission, and histologic remission [ 26 ]   

 Study  Medication  Disease location  Duration  Remission or response and data 

 Campieri et al. [ 28 ]  1 and 1.5 g 5-ASA 
suppositories vs. placebo 

 Less than 20 cm from 
the anal verge 

 4 Weeks   Clinical remission : 69 % 5-ASA 1 g/day vs. 74 % 
5-ASA 1.5 g/day vs. 39 % placebo 
  Endoscopic remission : 55 % 5-ASA 1 g/day vs. 
59 % 5-ASA 1.5 g/day vs. 23 % placebo 
  Histologic remission : 10 % 5-ASA 1 g/day vs. 
16 % 5-ASA 1.5 g/day vs. 6 % placebo 

 Campieri et al. [ 30 ]  1.5 g 5-ASA suppositories 
vs. placebo 

 Less than 20 cm from 
the anal verge 

 30 Days   Clinical remission : 56 % 5-ASA vs. 7 % placebo 
  Endoscopic remission : 41 % 5-ASA vs. 7 % 
placebo 
  Histologic remission : 28 % 5-ASA vs. 3 % placebo 

 Campieri et al. [ 59 ]  Sucralfate 10 g vs. 5-ASA 
2 g vs. placebo in 100 mL 
enemas 

 Mild to moderate 
activity no further than 
splenic fl exure 

 30 Days   Clinical improvement : 22 % sucralfate vs. 94 % 
5-ASA vs. 14 % placebo 
  Endoscopic improvement : 22 % sucralfate vs. 88 % 
5-ASA vs. 14 % placebo 
  Histologic improvement : 17 % sucralfate vs. 83 % 
5-ASA vs. 7 % placebo 

 Campieri et al. [ 60 ]  1, 2, and 4 g 5-ASA 
enemas vs. placebo 

 Mild to moderate UC 
distal to the splenic 
fl exure 

 4 Weeks   Clinical remission : 85 % 5-ASA 1 g vs. 83 % 
5-ASA 2 g vs. 86 % 5-ASA 4 g vs. 41 % placebo 
  Endoscopic remission : 74 % 5-ASA 1 g vs. 73 % 
5-ASA 2 g vs. 79 % 5-ASA 4 g vs. 30 % placebo 
  Histologic remission : 63 % 5-ASA 1 g vs. 70 % 
5-ASA 2 g vs. 76 % 5-ASA 4 g vs. 15 % placebo 

 Hanauer et al. [ 58 ]  1, 2, or 4 g 5-ASA enema 
vs. placebo 

 Mild to moderate UC 
extending less than 
30 cm from the anal 
verge 

 8 Weeks   Clinical remission : vs. 47 % 5-ASA 1 g vs. 49 % 
5-ASA 2 g vs. 44 % 5-ASA 4 g vs. 14 % placebo 
  Endoscopic remission : 59 % 5-ASA 1 g vs. 65 % 
5-ASA 2 g vs. 66 % 5-ASA 4 g vs. 24 % placebo 
  Histologic remission : 42 % 5-ASA 1 g vs. 49 % 
5-ASA 2 g vs. 55 % 5-ASA 4 g vs. 16 % placebo 

 Moller et al. [ 61 ]  3 g sulfasalazine enema 
vs. placebo 

 Extending less than 
15 cm from the anal 
verge 

 2 Weeks   Symptomatic response : 81 % excellent response (no 
symptoms) with sulfasalazine vs. 14 % excellent 
response with placebo 
  Endoscopic response : 75 % excellent response (full 
endoscopic remission) with sulfasalazine vs. 21 % 
excellent response with placebo 

 Pokrotneiks et al. [ 21 ]  2 g 5-ASA foam enema 
vs. placebo 

 Mild to moderate UC 
distal to the splenic 
fl exure 

 6 Weeks   Clinical remission : 65 % 5-ASA vs. 40 % placebo 
  Endoscopic remission : 57 % 5-ASA vs. 37 % 
placebo 
  Histologic improvement : 59 % 5-ASA vs. 41 % 
placebo 

 Williams et al. [ 19 ]  5-ASA suppositories 
500 mg TID vs. placebo 

 Extending less than 
15 cm from the anal 
verge 

 6 Weeks  Mean DAI treatment group was 0.4 ± 0.9 compared 
to 5.4 ± 3.4 in the placebo 
 Remission achieved by 79 % on 5-ASA compared 
to 8 % placebo 
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 examining clinical and endoscopic remission at 2 weeks 
[ 28 ,  29 ]. Meta-analysis of these two studies showed a pooled 
advantage of mesalamine suppositories over placebo of 
23.6 % for clinical remission with the 95 % confi dence inter-
val crossing zero (−8.8. to 56.0). The pooled advantage for 
endoscopic remission was 32.7 % with a CI of 15.3–50.1. 
The University of Chicago group performed a separate meta-
analysis of two studies of 1.5 g mesalamine suppositories for 
4 weeks and two studies of 1.5 g mesalamine suppositories 
for 6 weeks, which showed a pooled advantage over placebo 
in inducing clinical remission of 44.3 % (CI 29.4–59.1) at 4 
weeks and 57.9 % (CI 36.1–79.7) at 6 weeks [ 19 ,  28 ,  30 ,  31 ]. 
The pooled advantage in achieving endoscopic remission at 4 
weeks was 33.3 % higher in the treatment group (CI 18.5–48) 
and the pooled advantage over placebo in achieving clinical 
remission at 4 weeks was 52 % (CI 37.8–66.3). Overall 
review of mesalamine suppository studies for ulcerative proc-
titis revealed a duration, but not dose response (Fig.  8.3 ).

       Comparison of Topical Mesalamine 
to Topical Corticosteroids 

 The Marshall et al. 2010 meta-analysis included a study of 
rectal 5-ASA as compared to rectal corticosteroids [ 26 ]. This 
analysis showed that rectal 5-ASA was superior to rectal cor-
ticosteroids for inducing symptomatic remission. A compari-
son of six trials showed a pooled odds ratio of 1.65 (95 % CI 
1.11–2.45,  p  = 0.01) for symptomatic remission. 

 Lee et al. compared 2 g 5-ASA foam to 20 mg  prednisolone 
foam in a 4-week trial of 295 patients in 36 centers in the 
United Kingdom with mild to moderately active UC [ 32 ]. 
The 5-ASA group achieved a signifi cantly higher rate of 
clinical remission than the prednisolone group (52 % vs. 
31 %,  p  < 0.001). The rates of endoscopic and histologic 
remission did not differ between groups. In a separate study   , 
the Danish 5-ASA group reported a double-blind, multi-
center trial of 1 g/day 5-ASA enemas compared to 25 mg/
day prednisolone enemas for 4 weeks in 123 patients [ 33 ]. 
The overall response to therapy was defi ned as the sum of the 
clinical and endoscopic effects. Though no signifi cant differ-
ence in clinical and endoscopic improvement occurred in the 
groups after 2 weeks, rates of remission did signifi cantly dif-
fer, with 51 % in the 5-ASA group and 31 % in the predniso-
lone group achieving remission ( p  < 0.05). 

 Two studies compared 5-ASA foam or enema to beclo-
methasone foam or enema [ 34 ,  35 ]. Biancone et al. found, in 
a randomized, multicenter, double-blind trial, that 3 mg 
beclomethasone dipropionate foam or enema vs. 2 g 5-ASA 
foam or enema did not have signifi cantly different rates of 
remission (24 % vs. 28 % at 4 weeks and 36 % vs. 52 % at 8 
weeks) [ 34 ]. Gionchetti et al. also reported on a single- 
center, randomized, investigator-blind trial which demon-
strated that patients with active distal UC receiving 1 g 
5-ASA enemas or 3 mg beclomethasone propionate enemas 
for 6 weeks both had signifi cantly improved disease activity 
indices but no statistically signifi cant difference in the rates 
of clinical remission [ 35 ]. 
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  Fig. 8.3    Comparison of mesalamine suppositories for treatment of 
ulcerative proctitis. Numbers within bar graphs are percent advantage 
over placebo.  N  is the number of patients; the number of studies is in 
 parentheses. From Cohen RD ,  Woseth DM ,  Thisted RA ,  Hanauer SB. A 

Meta- analysis and Overview of the Literature on Treatment Options 
for Left-Sided Ulcerative Colitis and Ulcerative Proctitis. Am J 
Gastroenterol. 2000;95 (5) :1263–1276  [ 27 ]       
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 Farup et al. compared 5-ASA suppositories 500 mg twice 
daily to hydrocortisone foam 178 mg twice daily for 4 weeks 
[ 36 ]. Remission rates at 2 and 4 weeks did not signifi cantly 
differ between treatments. A nonsignifi cant trend towards 
more histologic improvement with 5-ASA suppositories at 2 
and 4 weeks (70 and 78 % vs. 50 and 61 %, respectively) was 
noted. Patients on 5-ASA suppositories had a greater mean 
increase in DAI than those on hydrocortisone foam, which 
was attributed to improved effi cacy in the subgroup with 
proctitis. 

 Finally, Leman et al. compared 1 g 5-ASA enemas to 
2.3 mg budesonide enemas in 97 patients with UC distal to 
the splenic fl exure at endoscopy [ 37 ]. Clinical remission was 
achieved in 60 % of the 5-ASA patients vs. 38 % of the 
budesonide patients ( p  = 0.03), although there was no statisti-
cal difference in the rates of endoscopic improvement, histo-
logic improvement, or histologic remission between the two 
groups.  

    Effi cacy of Topical vs. Oral Mesalamine 
in Achieving Remission 

 Ford et al. have recently performed a systematic review and 
meta-analysis examining the effi cacy of oral vs. topical, or 
combined oral and topical 5-ASA in ulcerative colitis [ 38 ]. 
Four randomized, controlled trials with endpoints between 4 
and 8 weeks compared topical 5-ASA to oral 5-ASA for 
induction of remission in mild to moderate UC [ 39 – 42 ]. One 
trial, by Gionchetti et al., studied only patients with proctitis 
on 400 mg 5-ASA suppositories three times daily, while the 
other three studies examined the use of 4 g 5-ASA enemas. 
Overall, 49.5 % of patients taking topical 5-ASA alone failed 
to achieve remission compared to 58.7 % of patients on oral 
5-ASA alone. The relative risk of failure to achieve remis-
sion with topical 5-ASA was 0.82 (95 % CI = 0.52–1.28). 
Statistically signifi cant heterogeneity between studies was 
noted. When the Gionchetti study of patients with proctitis 
was removed from the analysis, the relative risk of remission 
with topical vs. oral 5-ASA was 1.04 (95 % CI 0.79–1.37). 

 Ford et al. also identifi ed four randomized, controlled tri-
als studying oral and topical mesalamine vs. oral mesala-
mine alone [ 42 – 45 ]. In a meta-analysis, 37.3 % of patients 
on combined therapy and 55.1 % of patients on oral therapy 
alone failed to achieve remission. The relative risk of failure 
to achieve remission with combination therapy as compared 
to oral therapy alone was 0.65 (95 % CI = 0.47–0.91) with no 
signifi cant heterogeneity between studies. The number 
needed to treat with combined therapy to prevent one failure 
of remission was fi ve (95 % CI 3–13). The Vecchi et al. study 
did include equivalent doses of 5-ASA in the combined ther-
apy and oral therapy alone groups, while the other trials had 
a higher total 5-ASA dose in the combination therapy group 
[ 45 ]. When only the three trials with higher total 5-ASA dose 

in the combination therapy group were analyzed, combina-
tion therapy was no longer superior to oral 5-ASA, with a 
relative risk of failure to achieve remission of 0.51 
(CI = 0.26–1.00).  

    Topical Mesalamine for Maintenance 
of Remission 

 Placebo-controlled trials have demonstrated the effi cacy of 
topical mesalamine in maintaining remission for distal ulcer-
ative colitis. Ford et al. performed a meta-analysis of seven 
randomized, controlled trials that examined the use of topi-
cal 5-ASA or placebo in adult patients with quiescent 
 ulcerative colitis [ 38 ]. Three of these trials included only 
patients with ulcerative proctitis using mesalamine supposi-
tories or placebo [ 29 ,  46 ,  47 ]. One study included patients 
with proctitis or proctosigmoiditis using mesalamine sup-
positories or placebo [ 48 ]. Two studies included only patients 
with left- sided colitis using mesalamine enemas or placebo 
[ 49 ,  50 ].    The seventh trial studied a mixture of patients with 
pancolitis, left-sided colitis, and proctosigmoiditis who were 
on mesalamine enemas and placebo [ 51 ]. This 1997 
d’Albasio trial also compared combined oral and topical 
5-ASA therapy to oral therapy with placebo as a topical ther-
apy. One of the three trials including only patients with proc-
titis, by Marteau et al., allowed the continued use of 
stable-dose, previously prescribed oral 5-ASA medications. 
The other fi ve trials in the meta-analysis compared patients 
on topical 5-ASA alone to patients on placebo. The duration 
of therapy ranged from 6 to 24 months. 

 The Ford meta-analysis found that 36.9 % of patients on 
topical mesalamine and 68.3 % of those on placebo experi-
enced a relapse of disease. The relative risk of relapse with 
topical mesalamine compared to placebo was 0.60 (95 % CI 
0.49–0.73). The number needed to treat with topical mesala-
mine to prevent one relapse was 3 (95 % CI 2–5). No signifi -
cant heterogeneity was detected between the trials. 

 Ford et al. have reported a separate meta-analysis of two 
studies examining the effi cacy of combined oral and topical 
5-ASA vs. oral 5-ASA in preventing relapse in quiescent 
ulcerative colitis [ 38 ]. One of the two trials    included was also 
the 1997 d’Albasio study, which included a mixture of 
patients with pancolitis, left-sided colitis, and proctosig-
moiditis on mesalamine enemas 4 g twice weekly and oral 
mesalamine 1.6 g a day vs. oral mesalamine alone 1.6 g a day 
[ 51 ]. The 2007 study by Yokoyama et al. also evaluated a 
mixture of patients with pancolitis, left-sided colitis, and 
proctitis. The two study groups took oral mesalamine 3 g a 
day with or without mesalamine enema 1 g twice weekly 
[ 52 ]. In total, 42.6 % of patients on combination therapy and 
73.5 % of patients on oral 5-ASA relapsed. The relative risk 
of relapse with combination therapy as compared with oral 
5-ASA therapy alone was 0.48 (95 % CI = 0.17–1.38). 
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 Notably, several of these trials examining the use of topical 
mesalamine in the maintenance of remission utilized an inter-
mittent dosing frequency, with use of 5-ASA enemas several 
times per week. Continuous versus intermittent dosing of topi-
cal mesalamine has not been compared in the literature. 
However, Pimpo et al. reported that mesalamine does remain 
in the rectal mucosa for several days beyond the day of dosing 
[ 53 ]. This study investigated 45 patients with ulcerative colitis 
in remission (16 with pancolitis and 29 with distal colitis) on 
oral 5-ASA therapy alone who were placed on 4 g mesalamine 
enemas every day, every other day, or every three days. Two 
rectal biopsies were taken for high performance liquid chro-
matography to measure mesalamine concentrations. The con-
centration of mesalamine in nanograms per milligram of rectal 
tissue was 1.32 ± 1.41 for oral therapy alone, 56.1 ± 39.2 for 
daily enema therapy, 9.65 ± 6.60 for enema therapy every other 
day, and 6.39 ± 5.03 for enema therapy every third day. Thus, 
while mucosal concentrations of mesalamine in the rectum 
rapidly decreased 2 days after topical therapy dosing, levels 
were still higher than with oral therapy alone (Fig.  8.4 ).

       Role of Mesalamine in Extensive 
Ulcerative Colitis 

 While topical mesalamine therapy does not reliably extend 
beyond the splenic fl exure, many symptoms, even in patients 
with pancolitis, may come from the disease activity in the 
distal colon. Frequency, bleeding, and urgency are often due 
to infl ammation in the distal colon. Marteau et al. found 

 signifi cantly higher rates of remission in patients with mild 
to moderate ulcerative colitis extending proximal to the 
splenic fl exure who were on combination therapy with topi-
cal and oral mesalamine as compared to those on oral mesa-
lamine alone after 8 weeks [ 43 ]. Each patient in this study 
received 4 g per day of oral mesalamine. For the fi rst 4 weeks 
of the study, the patients received a 1 g mesalamine enema or 
a placebo enema. After 4 weeks, remission rates were 44 % 
for the combined therapy group (95 % CI 31–58 %) and 
34 % (95 % CI 21–49 %) for the oral monotherapy group 
( p  = 0.31). Clinical improvement was achieved in 89 % of the 
combined therapy group (95 % CI 78–96) and 62 % of the 
oral monotherapy group (95 % CI 46–75), with  p  = 0.0008. 

 At 8 weeks, 64 % of the combined therapy group (95 % CI 
50–76 %) and 43 % (95 % CI 53–81) of the oral monotherapy 
group had achieved remission ( p  = 0.03). Clinical improve-
ment was achieved in 86 % of the combined therapy group 
(95 % CI 75–94) and 68 % of the patients on oral monother-
apy alone (95 % CI 53–81), with  p  = 0.026. Thus, the addition 
of topical therapy to oral therapy in patients with extensive 
disease did improve remission outcomes at 8 weeks and also 
improved clinical improvement after 4 and 8 weeks.  

    Acceptability of Topical Therapy to Patients 

 Although topical mesalamine therapy is effective, the market 
share has fallen in the past two decades [ 54 ]. From 1992 to 
2009, total 5-ASA prescriptions increased by 72 %, while 
relative to the total 5-ASA use, the market share of topical 

  Fig. 8.4    Comparison of rectal mucosal mesalamine concentrations 
after oral mesalamine therapy and 1, 2, and 3 days after a 4 g mesala-
mine enema administration. Statistical signifi cance reached for 1 day 
vs. 2 days after enema, 2 and 3 days after enema vs. oral therapy, and 3 

days after enema vs. oral therapy.  From Pimpo MT ,  Galletti B ,  Palumbo 
G , et al.  Mesalazine vanishing time from rectal mucosa following its 
topical administration. J Crohns Colitis. 2010;4 (1) :102–105  [ 53 ]       
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mesalamine fell from 11 to 9 % during this time period. The 
choice to use topical therapy is based not only on the 
 physician’s knowledge of its usefulness but also on the phy-
sician’s perceptions of patient preferences and actual patient 
preferences. 

 Data on patient compliance with topical therapy is mixed. 
Kane et al. performed a retrospective cohort study of 3,574 
patients with ulcerative colitis who were followed up to 
assess their medication adherence over 12 months [ 55 ]. 
Rectal 5-ASA use was associated with improved medication 
persistence at 12 months. The authors speculated that rectal 
5-ASA use may correlate with disease severity and that 
patients with more severe disease were more likely to take 
their prescribed medical therapy. A study of 485 infl amma-
tory bowel disease patients in Padua, Italy, who were given a 
questionnaire to determine treatment adherence, reported 
that the patients were more adherent with oral therapies than 
rectal therapy (60 % vs. 32 %,  p  = 0.001) [ 56 ]. While    assump-
tions regarding the patient’s willingness to accept topical 
therapy may affect prescription, a formal study of informed 
patients’ thoughts and opinions on this matter has not been 
extensively addressed.  

    Conclusions 

 Topical mesalamine therapy is an effective means of deliver-
ing 5-ASA to the distal colon. However, several different 
formulations    and modes of delivery designed to target differ-
ent extents of the distal colon are available. These medica-
tions are effective in achieving endoscopic, clinical, and 
histologic remission in patients with left-sided ulcerative 
colitis. Topical mesalamine is superior to topical steroids in 
several studies, and the combination of topical and oral 
mesalamine is more effective than oral therapy alone in 
inducing remission. 

 Topical therapy is also effective in preventing relapse. 
Though these medications do only reliably reach the left 
colon, they can be helpful in the management of symptoms 
in patients with extensive disease as well. While the effec-
tiveness of topical mesalamine has been established, ulti-
mately their use is dictated by the physicians’ offering of 
these therapies to patients and by the patients’ willingness to 
accept them.     
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        Introduction 

 Over the past 50 years, the widespread use of corticosteroids 
in the management of active ulcerative colitis (UC) has 
resulted in a dramatic mortality reduction. In the 1930s, mor-
tality from UC was estimated to be up to 75 % [ 1 ], and this 
has decreased to less than 1 % in the twenty-fi rst century [ 2 ]. 
Similarly to other drugs used to treat autoimmune infl amma-
tory disorders, corticosteroids were fi rst used in the treat-
ment of rheumatoid arthritis and then applied to infl ammatory 
bowel disease. 

 In 1949, Edward C. Kendall and Philip S. Hench, two 
American chemists, identifi ed “Compound E” which would 
later become known as cortisone [ 3 ]. They introduced 
“Compound E” to the rheumatology community and found 

that the wonder drug, when injected into rheumatoid arthritic 
joints, allowed for marked pain relief, as well as decreased 
infl ammation and recovery. Their contribution was 
 recognized in 1950, when they, along with Tadeus Reichstein, 
were awarded a Nobel Prize for Physiology and Medicine 
for their introduction and discovery of adrenal cortex 
 hormones [ 4 ]. 

 Glucocorticosteroids are a class of steroid hormones syn-
thesized in the adrenal cortex, and cortisol (or hydrocorti-
sone) is the most important human glucocorticosteroid. 
There are a variety of synthetic glucocorticosteroids, and 
they are grouped into classes based on chemical structure, 
route of administration, and pharmacokinetics. 
Corticosteroids can be administered orally (e.g., prednisone, 
prednisolone, and budesonide), parenterally (e.g., intrave-
nous methylprednisolone and hydrocortisone), and topically 
or rectally (e.g., hydrocortisone suppositories or foam). This 
chapter will focus on the oral and parenteral use of conven-
tional corticosteroids in ulcerative colitis. 

 The initial controlled trials demonstrating effi cacy of 
oral corticosteroids in patients with ulcerative colitis was 
published in 1955 by Truelove and Witts [ 5 ], and the main-
stay of intravenous corticosteroid use was established in 
1974 [ 6 ] for the treatment of severe disease exacerbations. 
Acute severe ulcerative colitis is potentially a life-threaten-
ing condition, and systemic corticosteroids remain the gold 
standard for the treatment of acute moderate and severe 
colitis. While there have been signifi cant advances in the 
number of therapies proven to be effective for both induc-
tion and maintenance of remission of UC, corticosteroids 
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remain a critical line of therapy that many if not most UC 
patients will be exposed to at some point during their dis-
ease course. It is important for physicians to clearly under-
stand how best to employ corticosteroids and the risks 
associated with their use.  

    Corticosteroid Mechanism of Action 

 The use of corticosteroids in infl ammatory bowel disease is 
based on its ability to modulate the immune response and 
suppress infl ammation. It is known that corticosteroids func-
tion partly by the induction of anti-infl ammatory genes such 
as secretory leukocyte proteinase inhibitor and lipocortin-1 
and interleukin-1 receptor antagonists [ 7 ]. However, the pri-
mary function of corticosteroids is repression of infl amma-
tory genes by binding to cytosolic glucocorticoid receptor 
(GR) that on activation translocates to the cell nucleus. GR 
activation then either induces or represses the expression of 

responsive genes [ 8 ]. By switching off the infl ammatory 
genes that are activated by pro-infl ammatory transcription 
factors and encoding anti-infl ammatory proteins, corticoste-
roids inhibit the expression of adhesion molecules and mini-
mize the traffi cking of infl ammatory cells to tissue, including 
the intestines [ 9 ]. They also induce apoptosis of activated 
lymphocytes and decrease infl ammatory cytokine release 
[ 10 – 12 ]. A schematic representation of the mechanism of 
action of corticosteroids on the immune system is described 
in Fig.  9.1 .

   Although corticosteroids can suppress infl ammatory 
genes, they also inhibit the transcription of other genes, 
including osteocalcin, keratin, proopiomelanocortin (POMC), 
and corticotropin-releasing factor (CRF-1) [ 8 ]. These genes 
are associated with some of the known side effects of long-
term corticosteroid use and include osteoporosis, poor wound 
healing, adrenal insuffi ciency, and diabetes. 

 Corticosteroid binding protein (Bs) transports corticoste-
roid molecules (Ss) into the cell cytoplasm, while  dissociated 

  Fig. 9.1    The mechanism of action of corticosteroids on the immune system       
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corticosteroid molecules can also cross the cell membrane 
freely. Once inside the cytoplasm, they bind to their recep-
tors (Rs), and the corticosteroid/receptor complex then trans-
locates into the nucleus and bind to the glucocorticoid 
response elements (GREs). GREs are located in the promoter 
region of steroid-responsive target genes and can either pro-
mote (ON) or suppress (OFF) the transcription of a gene. 
This in turn may also decrease the synthesis of proteins (pro-
tein A or B) and posttranscription of the gene (gene A or B). 
Adapted from Yang and Lichtenstein [ 13 ].  

    Effi cacy of Corticosteroids in Induction 
of Remission 

 Truelove and Witts [ 5 ] were the fi rst investigators to suggest 
the addition of corticosteroid use in the medical treatment of 
ulcerative colitis in 1955. Their preliminary fi ndings in 1954 
[ 14 ] included 210 patients from fi ve different hospitals with 
chronic ulcerative colitis that would normally have received 
6 weeks of treatment in the hospital. Of those patients, 109 
were treated with oral cortisone (up to 100 mg per day) 
compared to placebo ( n  = 101) for 6 weeks. At the end of the 
study period, patients were classifi ed into three categories: 
clinical remission, improved, and no change or worse. 
Clinical remission was defi ned as one or two nonbloody 
stools daily, weight gain, and without fever or tachycardia. 
Hemoglobin and ESR values were also either normal or 
returning to normal. The improved group included all inter-
mediate cases, and the no change or worse group is self- 
explanatory. Cortisone-treated patients appeared to do better 
than placebo-treated patients and were more likely to be in 
clinical remission (41.3 % vs. 15.8 %) at the end of the 
6-week study ( p -value <0.001). These fi ndings held particu-
larly true in patients treated with cortisone on their fi rst 
attack of disease but also true of disease relapse as well as 
all grades of disease severity. In a subset of patients, sig-
moidoscopic or barium enema examinations were also 
assessed at the end of treatment and seemed to suggest that 
the cortisone- treated group did better than the control group; 
however, the numbers of patients in these groups were a 
small sample of the total patients and therefore only a pre-
liminary conclusion [ 5 ]. 

 In 1974, it was discovered that a 5-day intensive intrave-
nous cortisone regimen for treatment of severe attacks simi-
larly resulted in higher remission rates [ 6 ]. A total of 49 
patients over a 5-year period received intravenous predniso-
lone 60 mg in divided doses for 5 days. Nearly 75 % ( n  = 36) 
of the patients experienced rapid improvement and were 
symptom-free after 5 days, and 92 % ( n  = 33) of these patients 
remained without symptoms during the next 6 weeks. The 
patients were followed on an average of 3 years, and approx-
imately 50 % remained in remission ( p -value <0.02). Factors 

that infl uenced the success of the intravenous regimen 
included patients who were treated during their fi rst attack 
and those with radiological evidence of extensive or distal 
disease. The authors also concluded that complete failure to 
respond to intravenous therapy or deterioration during the 
5-day course of treatment was an absolute indication for 
emergency surgery in patients with severe disease. 

 A number of subsequent studies have also demonstrated 
similar remission rates in patients treated with corticosteroid 
therapy. Furthermore, a recent systematic review [ 9 ] identi-
fi ed fi ve randomized controlled trials (RCTs) [ 5 ,  15 – 18 ], 
which involved 445 patients and determined the effi cacy and 
safety of corticosteroid therapy in ulcerative colitis. Of the 
226 patients that received corticosteroids, 46 % achieved 
remission compared to 21 % of the 219 patients that were 
treated with placebo after 2–8 weeks. Corticosteroids 
induced remission in active UC with a number needed to 
treat (NNT) of 3 (95 % CI 2–9). When oral corticosteroids 
that were thought to act mainly topically and therefore poorly 
absorbed, such as oral fl uticasone or beclomethasone, were 
excluded, there were three remaining trials [ 5 ,  16 ,  17 ] with a 
NNT of 2 (95 % CI 1.4–6) [ 19 ]. Similarly, intravenous corti-
costeroids were also successful at inducing remission [ 20 ], 
but given the route of administration and short duration ther-
apy, it was not included in the meta-analysis.  

    Who Should Receive Corticosteroid Therapy? 

 Severity and extent of disease is based on both clinical and 
endoscopic fi ndings and is characterized as mild, moderate, 
severe, as well as fulminant colitis [ 21 ]. Although the natural 
history of ulcerative colitis is variable, it is estimated that 
approximately 15 % of UC patients will develop severe 
symptoms that require hospitalization and intensive medi-
cal therapy [ 22 ]. Acute severe colitis is potentially a life- 
threatening condition that requires early appropriate medical 
therapy with a primary goal to induce remission and decrease 
the risk for colectomy. Indeed, corticosteroids have helped 
decrease the mortality risk associated with severe or fulmi-
nant colitis from 75 % in the 1930s [ 1 ] to less than 1 % in the 
twenty-fi rst century [ 2 ]; however, since the introduction and 
widespread use of corticosteroids, there has been no signifi -
cant change in colectomy rates over the last 30 years [ 2 ]. 

    Mild-to-Moderate Ulcerative Colitis 

 Based on the recent American College of Gastroenterology 
(ACG) practice guidelines for the management of ulcerative 
colitis in adult patients, oral or parenteral corticosteroid ther-
apy should be reserved for patients with moderate or severe 
disease activity [ 23 ]. The exception would include patients 
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who have failed fi rst-line therapy for their colitis. For 
 example, patients with mild-to-moderate distal colitis who 
have failed oral aminosalicylates, topical mesalamine, and 
topical steroids or who are refractory to these therapies and 
have also failed mesalamine enemas or suppositories should 
receive a course of oral corticosteroid therapy. Similarly, 
patients with    mild-to-moderate extensive colitis that have 
failed oral sulfasalazine or aminosalicylates, have a course of 
corticosteroids if refractory to other therapy, or have sys-
temic symptoms that require rapid improvement should be 
considered [ 23 ]. Corticosteroid therapy in these circum-
stances, and in fact in almost all cases, should be indicated 
primarily for short-term induction of remission and not as 
maintenance therapy [ 24 ].  

    Severe-to-Fulminant Ulcerative Colitis 

 Severe colitis has been previously defi ned by the Truelove 
and Witts criteria [ 5 ] and includes bloody stool frequency of 
six or more per day with evidence of toxicity as shown by 
tachycardia (>90 bpm), temperature >37.8 °C, anemia 
(hemoglobin <10.5 g/dL), or an elevated erythrocyte sedi-
mentation rate (ESR) of >30 mm/h. 

 Patients with severe colitis should receive oral corticoste-
roids (the equivalent of 40–60 mg of prednisone) daily with 
a goal to induce remission [ 23 ]. Those that are refractory to 
maximum oral prednisone, oral aminosalicylates, and topical 
medications or that have systemic signs of toxicity should be 
hospitalized for intravenous corticosteroid therapy. Although 
there have been no comparative head-to-head studies that 
have determined any differences in the effi cacy of different 
parenteral corticosteroids, the most commonly prescribed 
parenteral corticosteroid is in the form of methylpredniso-
lone (40–60 mg), since it has decreased mineralocorticoid 
properties as compared to hydrocortisone (300–400 mg 
daily) [ 24 ].  

    Maintenance Therapy in Ulcerative Colitis 

 Corticosteroids have not been shown to be benefi cial in the 
maintenance of remission in ulcerative colitis and therefore 
should not be used for this indication [ 25 ]. 

 Following the original large-scale therapeutic trials of 
oral cortisone [ 5 ] that demonstrated its effectiveness in the 
induction of disease remission, a follow-up trial assessed if 
small cortisone maintenance doses would sustain a patient in 
clinical remission [ 26 ]. A total of 68 patients were random-
ized to receive oral cortisone, 25 mg orally twice per day 
( n  = 37) compared to placebo ( n  = 31). Patients were observed 
for 1 year, and the study determined that maintenance treat-
ment with cortisone had no benefi cial effect on the course of 

disease. In fact, cortisone-treated patients suffered a higher 
rate of relapse (48.6 %) compared to the placebo arm 
(41.9 %), although this difference was not statistically sig-
nifi cant ( p -value >0.05). 

 Similarly, in another randomized trial, oral prednisone 
(5 mg orally three times per day) was given for 6 months in 
patients with ulcerative colitis in remission and compared to 
placebo [ 27 ]. The study determined no difference in the 
number of patients that remained in remission (12/32 in the 
treatment arm compared to 12/30 in the placebo arm) or had 
disease relapse (18/32 in the treatment arm compared to 
17/30 in the placebo arm) at the end of the study period. 
Furthermore, prednisone-treated patients experienced more 
side effects. 

 In a double-blind crossover trial ( n  = 24) that compared 
prednisone (40 mg orally given on alternate days) to placebo 
for maintenance treatment in ulcerative colitis, there was a 
reduced number of patients that experienced disease relapse 
when treated with corticosteroids over a period of 3 months 
( p -value <0.01) [ 28 ]. However, this was again at the expense 
of a larger number of corticosteroid-related side effects. 
While this trial did show benefi t of using corticosteroids over 
a 3-month period, given that UC is a lifelong disease with no 
known medical cure and the fact that by modern standards 
the length of this trial would not be an adequate period of 
time to be considered a maintenance trial, it must be empha-
sized that corticosteroids should not be used as a mainte-
nance treatment [ 24 ].   

    Corticosteroid Dose and Route Adjustment 

 Once the decision to use corticosteroids has been made, 
there is unfortunately little evidence-based data available to 
indicate the optimal dose and route for corticosteroid admin-
istration in management of active colitis. 

 In one study of outpatients with moderate ulcerative coli-
tis treated with corticosteroids (oral prednisone 20, 40, and 
60 mg), remission was achieved in two-thirds of the patients 
who received 40 or 60 mg but only in one-third of those 
given 20 mg daily. In addition, the side effects were more 
frequent in patients that received 60 mg daily than 40 mg and 
with no signifi cantly greater effi cacy [ 29 ]. 

 Another randomized trial performed on patients with 
active proctocolitis found no difference in response rate or 
side effects produced in those that received oral predniso-
lone at 10 mg four times a day or 40 mg as once per day 
dosing [ 30 ]. 

 With the lack of evidence that doses higher than 60 mg per 
day result in signifi cantly higher effi cacy, we recommend that 
patients with moderate-to-severe active colitis that require 
corticosteroid use for active disease be treated with a course 
of prednisone 40–60 mg orally once per day. In addition to 
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lack of evidence that higher doses result in higher effi cacy, 
higher doses of corticosteroids result in signifi cantly more 
frequent and severe adverse effects. Finally, another reason to 
use a single daily dosing regimen is that studies have shown 
that lowering the daily frequency of any given medication 
increases compliance rates. Thus, given the lack of evidence 
regarding improved effi cacy over single daily dosing regi-
men, in all likelihood this dose regimen will increase compli-
ance and hence increase the likelihood of effi cacy. 

 As noted above, there are a signifi cant percentage of UC 
patients whose disease is nonresponsive to corticosteroid 
therapy. Prior to diagnosing a UC patient as steroid-resistant 
or nonresponsive, a trial of corticosteroids is administered in 
intravenous form when there is a lack of response to oral 
treatment at 40–60 mg daily [ 31 ] or when there are systemic 
signs of toxicity, and the patient requires hospitalized care. 
This is based on the pharmacokinetics of oral versus paren-
teral corticosteroids. It has been demonstrated that peak 
plasma levels of oral corticosteroid absorption is delayed in 
patients with active colitis [ 32 ], and parenteral corticosteroid 
administration as a continuous infusion is associated with a 
higher plasma concentrations and less variability in plasma 
levels [ 33 ]. Hence, changing patients from oral to intrave-
nous steroids will insure that the lack of response is not due 
to any issues with absorption of oral corticosteroids. 

 If there is no clinical improvement with the initial oral 
corticosteroid regimen after 5–7 days, or if there are sys-
temic signs of toxicity or evidence of fulminant colitis, then 
the patient requires hospitalization for parenteral corticoste-
roid treatment, commonly methylprednisolone at a dose 
equivalent to 1 mg/kg per body weight. If signifi cant clinical 
improvement is achieved following administration of paren-
teral treatment, then the intravenous corticosteroid therapy 
can be transitioned to oral form, and a similar taper schedule 
as outlined above can be followed [ 24 ]. 

 While a continuous infusion results in less variability in 
plasma concentrations, there is no improved effi cacy of con-
tinuous corticosteroid infusion compared to a single intrave-
nous daily bolus.    In a double-blind randomized trial of 
patients with severe ulcerative colitis that either received 
1 mg/kg/day of methylprednisolone administered as continu-
ous infusion or given as a bolus dose, no signifi cant differ-
ence in the effi cacy or safety profi le is found [ 20 ]. 

 In a systematic review [ 2 ] of 32 cohort and controlled 
clinical trials assessing the effi cacy of corticosteroids in 
severe ulcerative colitis, 24 studies reported the dose admin-
istered of intravenous corticosteroids, standardized as meth-
ylprednisolone equivalent (using mean adult weight 70 kg). 
In this meta-regression analysis that controlled for disease 
severity, there was no correlation found between corticoste-
roid dose used and colectomy rate ( R  2  < 0.01,  p -value 0.98). 
Further, the risk for colectomy did not decrease any further 
when corticosteroid doses beyond 60 mg daily were used. 

 In patients that have received systemic steroid therapy for 
active colitis and achieved clinical improvement, physicians 
should at this point implement a plan to discontinue cortico-
steroids since there is no benefi t for its use in maintenance 
therapy and long-term use results in a higher risk of adverse 
effects [ 24 ]. As there is a very high rate of disease relapse 
after corticosteroids are stopped, discontinuation of cortico-
steroids should be done with a plan to implement a steroid- 
sparing maintenance medication. 

 There are no randomized trials that have studied an opti-
mal corticosteroid taper schedule after clinical symptoms 
improve in a patient with active disease. We recommend that 
if oral prednisone 40–60 mg daily for moderate-to-severe 
active colitis is given and if there is signifi cant clinical 
improvement, a taper dose schedule can then be initiated 
with 5–10 mg taper weekly until 20 mg daily dose is reached 
[ 24 ]. Then, tapering should proceed by 2.5–5.0 mg per week. 
In addition to concerns regarding relapse of disease, clini-
cians should be cautious of the development of symptoms 
secondary to adrenal insuffi ciency, especially in those 
patients that have been on corticosteroids for a prolonged 
time. Adrenal insuffi ciency may manifest up to 9 months 
after steroid cessation, particularly in times of stress [ 34 ].  

    Predictors of Corticosteroid Nonresponders 

 It is estimated that one-third of patients hospitalized with 
severe ulcerative colitis will fail to respond to corticosteroid 
therapy and may require urgent colectomy [ 2 ]. The develop-
ment of predictive measures for identifying patients that are 
nonrespondent to corticosteroid treatment has helped deter-
mine who may be suitable for second-line medical therapy 
(calcineurin inhibitors such as cyclosporine or antitumor 
necrosis factor antibodies such as infl iximab) or colectomy. 
Since much of the morbidity and mortality associated with 
severe UC is related to delayed surgery, it is prudent to iden-
tify early which patients are likely to fail corticosteroid treat-
ment and determine when to initiate other rescue medical 
therapy, so that if surgery is necessary, it is not inappropri-
ately delayed [ 35 ,  36 ]. 

 There are two predictive models that have helped deter-
mine which patients may need early colectomy. In one pro-
spective study by Travis et al. [ 37 ], patients with severe 
colitis defi ned as 8 stools per day or 3–8 stools per day and 
an elevated C-reactive protein (CRP) of >45 mg/L on the 
third day of intravenous therapy had a positive predictive 
value (PPV) of 85 % for colectomy. Similarly, Lindgren 
et al. [ 36 ] developed a regression formula to predict the like-
lihood of medical failure (fulminant colitis index = number 
stool frequency/day + 0.14 × CRP mg/L) and found that a cut-
off score greater than 8 at day 3 had a PPV of 72 % for 
colectomy. 
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 More recently, Ho et al. [ 38 ] developed predictive factors 
of nonresponse to corticosteroid therapy and a risk score to 
help identify patients within the fi rst 3 days of medical ther-
apy for either early second-line medical therapy or early sur-
gery. This was developed from a retrospective chart review 
of 167 patients with severe ulcerative colitis. The scoring 
system was based on a 0–9 point scale and included an 
assessment of mean stool frequency (<4, 4–6, 7–9, >9), pres-
ence of colonic dilation (>4 cm), and hypoalbuminemia 
(<30 g/L). Patients with a score of 0–1 had a low likelihood 
of medical therapy failure (11 % risk), and those with a score 
of 2–3 had an intermediate likelihood of failure to medical 
therapy (43 % risk). A score of ≥4 predicted a high likeli-
hood of nonresponse to medical therapy failure with a sensi-
tivity of 85 % and specifi city of 75 % (AUC, area under the 
curve 0.88). 

 Clinical evaluation after 3 days of systemic corticosteroid 
therapy appears to be the best tool in assessing the short-term 
prognosis of active colitis in a patient [ 39 ]. These are some 
clinical parameters described that may be used when assess-
ing for treatment response and consideration for second-line 
medical therapy or surgery. We recommend that if the patient 
has not responded after 3–5 days of intravenous corticoste-
roids, considerations be given toward the aforementioned 
options and importantly steroids be tapered as rapidly as fea-
sible, as the patient will still develop the inherent side effects 
from the ongoing corticosteroid use without benefi t.  

    Corticosteroid Use and Rate of Colectomy 

 The lifetime colectomy risk in severe colitis is estimated to 
be 30–35 % [ 2 ,  31 ]. Based on well-established clinical 
parameters, the general response to parenteral corticosteroid 
treatment in short-term studies (5–14 days) is reported 
between 45 and 80 % [ 24 ]. Patients are typically deemed ste-
roid refractory if there is a lack of response to intensive intra-
venous corticosteroid treatment at adequate doses (1 mg/kg/
day) for 7–10 days [ 40 ]. The prolongation of corticosteroid 
therapy beyond 10 days did not improve remission rates. In 
fact, longer corticosteroid treatment may result in more del-
eterious outcomes as surgery is delayed in the patient with 
severe colitis. Unfortunately and despite our current medical 
therapy, the short-term colectomy rate in severe colitis has 
not changed over the past three decades in a systematic 
review from 1974 to 2006 [ 2 ]. 

 In a large population-based Olmsted County cohort [ 41 ], 
patients with ulcerative colitis that did not respond to corti-
costeroids in the short term (less than 30 days) had a 90 % 
colectomy rate. However, even among the patients that ini-
tially responded to corticosteroid treatment in the short term, 
only 49 % of the patients maintained remission without sur-
gery or prolonged corticosteroid use over the following 

1-year study period. The data also approximated that a 
 quarter of patients with UC are steroid dependent at the end 
of 1 year. 

 These fi ndings raise concern for the less than optimal 
long-term outcomes in some patients with active colitis that 
require a course of systemic corticosteroids and also high-
light the high risk for colectomy in patients nonresponsive to 
corticosteroids. Other medical treatment modalities and sur-
gery should be considered once it is determined that a patient 
is steroid refractory. These data also emphasize that even 
those patients that respond to corticosteroids are still at sig-
nifi cant risk for colectomy. Thus, once a patient has had 
improvement in symptoms, while the patient is beginning to 
taper corticosteroids, he or she should also be placed on a 
long-term maintenance non-corticosteroid therapy.  

    Adverse Effects Related 
to Corticosteroid Therapy 

 The potential for adverse effects related to corticosteroids is 
both dose and duration of therapy dependent. Corticosteroids 
resulted in side effects in over 50 % of patients that were 
receiving high-dose steroid treatment and in 30 % of patients 
on prophylactic doses [ 42 ]. 

 Early side effects related to supraphysiologic corticoste-
roid doses include moon facies, acne, edema, glucose 
 intolerance, sleep and mood disturbances, and dyspepsia 
[ 24 ]. The effects from prolonged use (usually >12 weeks) are 
believed to be due to the corticosteroid effects of gene induc-
tion [ 8 ]. As a result, adverse events such as posterior sublen-
ticular cataracts, osteoporosis, osteonecrosis, myopathy, 
hypertension, and hyperlipidemia may occur [ 8 ,  24 ,  43 ]. In a 
review paper [ 44 ] on communicating risks associated with 
IBD therapy to patients, an estimated frequency for a number 
of adverse events associated with corticosteroid therapy was 
determined and described in    Table  9.1 .

   Most of the side effects related to corticosteroid use are 
best treated with withdrawing the steroid and substituting 
with other therapy. The risk for osteopenia and osteoporosis 
in patients with UC can be reduced by keeping the dose of 
corticosteroids minimal. Further, factors that contribute to 
osteoporosis in the non-IBD population may also play a role 
in patients with IBD and include sedentary lifestyles, low 
body weight, hypogonadism, poor dietary intake of vitamin 
D and calcium, smoking, and corticosteroid use [ 45 ]. 

 Bone mineral density (BMD) testing has been recom-
mended for patients on corticosteroids for greater than 3 
months in a year. If osteoporosis, defi ned by a  T -score ≤2.5 
SDs below normal is present, then bisphosphonate therapy 
should be initiated [ 46 ,  47 ]. Patients that are postmenopausal 
or with a history of a previous fracture in which corticoste-
roid therapy will be initiated or have remained on therapy 
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for  >3 months should also be on prophylactic bisphospho-
nate therapy [ 24 ]. Daily vitamin D (400–800 IU/day) and 
calcium (1,200–1,500 mg/day) are also advised for patients 
on chronic steroid therapy [ 24 ]. 

 Given the associated risk for the development of cataracts 
and glaucoma with corticosteroid exposure, annual ophthal-
mologic examinations are recommended for patients with 
long-term corticosteroid use [ 24 ]. 

 Corticosteroid-induced metabolic disturbances such as 
hyperglycemia, sodium and fl uid retention, metabolic alka-
losis, and hyperlipidemia may also occur [ 23 ]. Patients 
should be monitored for these metabolic abnormalities. 
There is an increased risk for adrenal insuffi ciency, particu-
larly in patients on chronic corticosteroids when the steroids 
are discontinued or tapered too rapidly, especially following 
surgery. In addition, stress-dose corticosteroids may be 
needed perioperatively [ 48 ]. 

 Patients with IBD and corticosteroid exposure are at sig-
nifi cant increased risk for the development of opportunistic 
infections (OR 3.4; 95 % CI 1.8–6.2) [ 49 ]. Most commonly, 
corticosteroid use is associated with increased infections in 
the mouth, pharynx, or esophagus with candidiasis. 
Furthermore, this risk is synergistically increased when cor-
ticosteroids are used concomitantly with thiopurines or inf-
liximab [ 49 ]. A similarly increased risk for infectious 
complications was found in a retrospective cohort study of 
IBD patients ( n  = 159) that underwent elective bowel surgery 
and received corticosteroid treatment (OR 3.69, 95 % CI 
1.24–10.97) [ 50 ]. 

 Despite the fact that previous literature of patients with 
solid organ transplants or human immunodefi ciency 

 syndrome (HIV) has demonstrated utility in prophylaxis 
against potential opportunistic infections, there are no cur-
rent well- defi ned guidelines for infection prophylaxis in 
patients with infl ammatory bowel disease on immunomodu-
lators or immunosuppressants [ 51 – 53 ]. 

 Studies have found that a lymphocyte count <600/mm 3  
and a CD4 count <300/mm 3  are predictive for particular 
opportunistic infections (OIs), such as  Pneumocystis jiroveci  
(formerly  Pneumocystis carinii , PCP) [ 54 ,  55 ]. This is of 
particular concern for long-term corticosteroid exposure 
(>1 month) as it is associated with dose-dependent lympho-
cyte depletion and when used concomitantly with other 
immunosuppressive agents has additional risk for lymphocy-
topenia [ 52 ]. 

 One of the fi rst case reports of patients with underlying 
infl ammatory bowel disease that developed PCP was 
described in two patients with ulcerative colitis while on 
high-dose corticosteroids [ 56 ]. Since then, although data on 
PCP prophylaxis in patients with IBD is limited, it is sug-
gested that prophylaxis should be provided to patients on 
chronic treatment with at least two immunosuppressant 
agents, including corticosteroids and to patients with a lym-
phocyte count <600/mm 3  and a CD4 count <300/mm 3  [ 52 ]. 
Prophylaxis treatment options include trimethoprim- 
sulfamethoxazole (TMP-SMZ) or if not tolerated, then alter-
natives include dapsone, aerosolized pentamidine, and 
atovaquone. 

 Given the increased susceptibility for infections, patients 
that display systemic symptoms of infection, such as fever, 
must always be evaluated. More importantly, all patients 
with IBD should have a thorough review of their vaccination 
history and risk assessment at the time of their initial IBD 
consultation and before any immunosuppressive therapy is 
initiated. A rigorous and standardized vaccination program 
may help decrease some of the infectious complications 
associated with IBD therapy, including corticosteroids 
(Table  9.2 ) [ 57 ].

       Conclusion 

 Although corticosteroids contribute morbidity, especially in 
regard to infectious complications, and potential mortality to 
the ulcerative colitis patient, they continue to have a place for 
the treatment of severe and fulminant disease in the short 
term. In those patients that respond, the effect is rapid and 
corticosteroids are widely available and very inexpensive. 
Evidence from multiple investigational studies supports their 
effi cacy for the management of acute severe disease exacer-
bation; however, among this patient population, it is esti-
mated that up to one-third of patients will fail therapy and 
still require colectomy. In addition, while there are no 
 defi nitive studies that provide evidence to the optimal  dosage, 

   Table 9.1    Estimated frequency of adverse events related to corticoste-
roid therapy   

 Adverse event  Estimated frequency (%) 

 Any side effect leading to discontinuation 
of corticosteroid 

 55 

 Acne  50 
 Facial swelling  35 
 Osteoporosis  33 
 Increased eye pressure  22 
 Infections  13 
 Hypertension  13 
 Ankle edema  11 
 Cataracts  9 
 Memory problems  7 
 Easy bruising  7 
 Psychosis, confusion or agitation  1 
 Other including diabetes, severe hip/bone 
damage, and adrenal insuffi ciency 

 Uncertain frequency 

  Modifi ed from Siegel CA. Review article: Explaining the risks of 
infl ammatory bowel disease therapy to patients. Alimentary 
Pharmacology and Therapeutics 2011; 33: 23–32 [ 44 ]  
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currently available evidence suggests that 40–60 mg once 
daily (prednisone equivalent) is likely the most effective 
dose, and higher doses do not result in improved response 
but do result in more side effects. 

 Given the side effects associated with corticosteroid use, 
they should be used with caution along with careful monitor-
ing and only in this narrowly defi ned patient subpopulation. 
Once the decision has been made to use corticosteroids, if 
there is not a prompt improvement in symptoms with oral 
corticosteroids, the patient should be given a trial of paren-
teral forms to eliminate any issues of absorption and provide 
stable plasma levels. Failing this, they should be tapered rap-
idly and discontinued with consideration given to rescue 
medical therapies or surgical discussion. If patients do 
respond, defi nitive long-term steroid-sparing maintenance 
medical therapy should be considered while the steroids are 
being tapered because most patients will fl are once steroids 
are discontinued and are still at very high risk for colectomy. 

 It is worthwhile stressing that corticosteroids have no 
long-term role in the maintenance of UC, as its prolonged 
use does not result in maintenance of remission. In addition, 
the longer the duration that the patient remains on corticoste-
roids, the higher the likelihood that the patient will develop a 
signifi cant and even life-threatening complication.    Finally, it 
is critical that all patients on any dose or route of corticoste-
roids receive all appropriate immunizations and be evaluated 
for the need for BMD prophylaxis and possible chemopro-
phylaxis against opportunistic infections.     
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        Introduction 

 Topical therapy in ulcerative colitis (UC) has had an unap-
preciated if not neglected role in UC management. Often rel-
egated to the proctitis and proctosigmoiditis patient, little 
attention has been paid to a topical therapy in more extensive 
disease or pancolitis in which urgency and tenesmus are 
prime problems amenable to topical corticosteroid foams or 
suppository therapy. Topical glucocorticosteroids (GCS) 
have a long track record of effi cacy, but rectal 5-ASA has had 
a comparably better experience with less damaging adverse 
events. Nevertheless clinicians often utilize an alternating 
regimen of GCS every other day with 5-ASA to induce 
remission and then limit further use of GCS. 

 Glucocorticoid enemas were fi rst shown to be effective 51 
years ago in the United Kingdom by Truelove [ 1 ] and by 
Bargen [ 2 ] at the Mayo Clinic and have become a standard 
component of UC therapy [ 3 ]. 

 Rectal delivery of glucocorticoids by liquid enemas can 
extend to the splenic fl exure [ 4 ] and occasionally more prox-
imally [ 5 ]. Rectal foam dispenses medication to the rectum 
and distal descending colon [ 6 ], whereas suppositories 
release their drug only locally in the rectum [ 7 ]. 

 This chapter will detail the experience with such agents, 
including the pharmacology of glucocorticoids given  rectally 

as well as the topically active fi rst-pass metabolism cortico-
steroids budesonide and beclomethasone dipropionate 
(BDP). 

 The effi cacy of topical delivery of therapeutic agents 
(5-ASA, glucocorticoids) is infl uenced by multiple factors 
including colonic motility, intraluminal pH, extent and char-
acteristics of IBD, and the vagaries of drug dispersion. 
Clinical response rates can vary from 35 to 75 %. Ideally, 
fi rst-pass metabolism corticosteroids would seem the best 
option to avoid extensive bioavailability with fewer resultant 
systemic side effects [ 3 ,  8 ]. Budesonide is the most exten-
sively studied in enema, foam, and suppository of the topical 
nonsystemic glucocorticoid therapy (Table  10.1 ).

       Glucocorticoids 

    Mechanisms of Action 

 Glucocorticoid activity is dependent on specifi c glucocorti-
coid receptors (GR) found on chromosome 5. The GR-α iso-
form is a physiologically important form. GR-β does not 
bind glucocorticoids [ 9 ,  10 ], and GR-γ is a variant that may 
alter GR-α activity. Glucocorticoids bind to GR-α as a 
homodimer to specifi c glucocorticoid response elements 
(GREs) which activate gene expression. DNA binding of the 
GR, which activates gene expression, may be repressed by 
monomer protein-protein interactions that are also capable 
of DNA binding. This GRE pathway is crucial to survival 
[ 11 ]. Many glucocorticoid effects (e.g., anti-infl ammatory 
and immunosuppressive) require the interaction of the GR 
with activating protein 1 (AP-1) and NF-κB transcription 
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factors. These transcription factors are also capable of 
regressing GR-dependent transcription. The overall 
expected effect is GR-dependent transcription and  activation 
of lymphocytes to result in apoptosis and anti-infl ammatory 
effects [ 12 ]. 

 High levels of the CXC-chemokines, growth-related 
oncogene (GRO)-α/CXCL1, IL-8, and gamma-interferon 
(MIG)/CXCL9 were detected in active ulcerative colitis 
when compared with controls ( p  = 0.02, 0.005, and 0.03, 
respectively). During treatment with corticosteroids, both 
GRO-α and MIG decreased [ 13 ]. HLA class II allele 
DRB1*0103 may be a “surrogate” marker for steroid resis-
tance since it is associated with severe disease and high risk 
for colectomy.  

    Glucocorticoid Resistance 

 Thirty percent of patients given glucocorticoids will not 
enter remission and are considered steroid resistant. 
Lymphocyte steroid resistance may be the key for gluco-
corticoid failure in UC [ 14 ], but this conclusion is ham-
pered by varied lymphocyte sensitivity in normal subjects 
as well [ 15 ]. 

 The impact of steroid resistance has been detailed in stud-
ies from the Mayo Clinic and Scandinavia. Faubion et al. 
[ 16 ] recorded a complete 30-day steroid-induced remission 
in 58 %, partial in 26 % (84 % total), and a failure in 16 %. 
One-year follow-up revealed 38 % of CD patients so treated 
required surgery as did 24 % of UC patients. Munkholm 
et al. [ 17 ] had reported a similar steroid-induced remission at 
30 days (48 % complete, 38 % partial, total 80 %) and no 
response in 20 %. Interestingly, the failure of steroid respon-
siveness was not related to the severity of disease (i.e., remis-
sion rates of 48 % in severe versus 35 % in moderate disease) 
in the initial oral cortisone study [ 18 ]. 

 There may be a rare familial disorder of altered glucocor-
ticoid receptors resulting in mutations that encode GR [ 19 –
 21 ]. These patients lack functional glucocorticoid receptors 
in  target organs, yet counterintuitively these patients with 

poor glucocorticoid responses still suffer the ravages of 
glucocorticoid adverse events. Such glucocorticoid resis-
tance appears unrelated to abnormalities in steroid absorp-
tion, metabolism, or number of glucocorticoid receptors. 
GR isoform variations may play a role, i.e., a greater pre-
ponderance of GR-β isoforms that do not bind glucocorti-
coids have been found in steroid-resistant UC patients [ 22 ]. 
The actual concentration of GR-β is small compared to 
GR-α [ 23 ]. GR-γ may affect glucocorticoid binding as an 
alternative theory of glucocorticoid resistance [ 24 ,  25 ]. 
Other thoughts on glucocorticoid  resistance include 
impaired binding or a reduced number of receptors available 
for binding of DNA resulting in a GR-ligand complex fail-
ure to activate the appropriate genes [ 26 ]. 

 Glucocorticoids modulate transcription factors and cyto-
kines. IL-4/IL-2 promotes steroid resistance in vitro [ 27 ] and 
in murine cell lines [ 28 ]. IL-2 reduces nuclear translocation 
of GR by adding a Janus kinase (JAK) inhibitor. JAK inhibi-
tors block IL-2 receptor signaling and restore responsiveness 
to glucocorticoids. STAT5 is associated with nuclear GR and 
when phosphorylated by IL-2 binding will inhibit nuclear 
translocations of GR. In a STAT5 knockout mouse model, 
IL-2 fails to induce steroid resistance [ 27 ]. IL-2 and IL-4 
cytokines increase p38 mitogen-activated protein (MAP) 
kinase which phosphorylates GRs associated with steroid 
resistance [ 29 ] and reduces antiproliferative glucocorticoid 
activity [ 27 ]. Steroid-resistant patients usually produce more 
IL-2 than steroid-sensitive patients. 

 NF-κB regulates cytokine synthesis with a peculiar epi-
thelial cell distribution in steroid-resistant patients, yet this is 
also found in lamina propria macrophages in steroid- sensitive 
patients [ 30 ]. The conclusion seems inescapable that lym-
phocyte resistance to glucocorticoids results from signaling 
pathways activated by IL-2. Conceivably inhibiting IL-2 
overcomes this resistance. Unfortunately, in vitro-activated 
lymphocyte studies show a surprisingly low IL-2 production 
which was not correlated with steroid sensitivity. 

 Membrane cytokine binding activates transcription factor 
in the receptor complex and produces infl ammation. 
Glucocorticoids oppose this process by promoting apoptosis 
to lessen infl ammation [ 31 ]. 

 Genetic factors add to the glucocorticoid receptor disor-
ders with steroid resistance. These include the multidrug 
resistance 1(MDR1) gene. The MDR1 gene product, a 
P-glycoprotein 170 found in colonic and jejunal tissue 
[ 32 ], transports glucocorticoids and reduces intracellular 
fl uid drug and glucocorticoid concentrations. High levels 
of P-glycoprotein 170 are protective in UC but may be 
downregulated by infl ammation [ 33 ]. It is uncertain if 
MDR1 polymorphisms are related to steroid resistance 
(Table  10.2 ).

   Table 10.1    Topical corticosteroids   

 Systemic 
  Hydrocortisone (in alcohol or as a hemisuccinate sodium) 
  Prednisolone-21 phosphate 
  Betamethasone 
 Nonsystemic steroids 
  Prednisolone metasulfobenzoate 
  Beclomethasone dipropionate 
  Budesonide 
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       Other Mechanisms of Action 

 The actual benefi t of glucocorticoids in controlling diarrhea 
in IBD may also include the signifi cant stimulation of 
ATPase activity and the number of ATPase molecules and 
apical 5′-nucleotidase, all of which precede the observable 
morphologic effect on infl ammation as detected by endos-
copy or histology [ 34 ,  35 ]. 

 Rectal potential differences (PDs) as a measure of ion 
transport across the rectal mucosa improved after glucocorti-
coids (both topical and systemic therapy) as well as with 
5-ASA enemas. The clinical utility and signifi cance of this 
observation remains unexplored [ 36 ].  

    Glucocorticoid Absorption 
from the Rectocolon 

 Glucocorticoid receptors are present in most human cells. 
This widespread receptor presence may well explain the sys-
temic glucocorticoids adverse event history [ 37 ]. Rectal glu-
cocorticoids are presumed to provide lesser systemic 
bioavailability and plasma concentration than oral glucocor-
ticoids. Nevertheless plasma concentrations of prednisolone 
given rectally have been reported as equivalent to orally 
administered glucocorticoids [ 37 ,  38 ]. 

 The bioavailability is further reduced with foam 
 preparations (2 %) with even lower plasma peak levels 
(Table  10.3 ) [ 39 ].

   Although decreased glucocorticoid receptor sites are 
reported in PMN leukocytes of prior steroid-treated patients, 
similar reduced receptor sites have been reported in 
glucocorticoid- naïve and normal control patients [ 40 ]. 
Topical glucocorticoids are effective, but systemic absorp-
tion does occur [ 41 ] but may be lessened with rapidly metab-
olized budesonide. These were effective with maintenance of 
normal ACTH levels in 90 % of patients at 6 weeks [ 42 ].  

    Clinical Experience with Topical 
Glucocorticoids 

 In 1997, Marshall and Irvine reported a meta-analysis of 33 
reviewed rectal corticosteroids studies that met their “strict” 
inclusion criteria of 83 published reports [ 43 ]. Inclusion crite-
ria required randomization, disease distal to splenic fl exure, a 
predefi ned symptom score, and no inclusion of Crohn’s 
patients or duplicate reporting of trial data. The response rates 
based on symptomatic, endoscopic, and histological criteria 
for conventional oral glucocorticoids (hydrocortisone, pred-
nisolone, or betamethasone) were 77, 66, and 58 % with 
remission rates of 45, 34, and 29 %. The response to topical 
corticosteroids (budesonide, BDP, or prednisolone) was 73, 
69, and 55 % with remission rates of 46, 31, and 23 %. 

 In this analysis, 5-ASA preparations resulted in improve-
ment in 81, 75, and 65 % with remission recorded as 58, 41, 
and 38 %. Placebo response rates were 34 % symptom and 
38 % endoscopic improvement, and remission rates of symp-
tomatic and endoscopic criteria of 9 and 17 %. 

 Although topical corticosteroids were 32 % superior to pla-
cebo, seven trials proved 5-ASA to be superior to corticoste-
roids when considering clinical, endoscopic, and histological 
standard of remission. The result of pooled odds ratio (2.42 
95 % CI 1.7–3.41) favored 5-ASA for symptomatic remission, 
as well as endoscopic (1.89 95 % CI 1.26–2.96) and histologi-
cal (2.03 95 % CI 1.28–3.2) remission. This occurred even 
with discrepant volumes of instilled medication (e.g., 30 cc 
prednisolone foam versus 120 cc 5-ASA foam) [ 44 ]. 
Furthermore a Cochrane analysis of 38 studies reaffi rmed rec-
tal 5-ASA superiority over rectal corticosteroids for inducing 
symptomatic improvement and remission [ 45 ]. 

 Throughout all these analyses, a placebo benefi t of 
30 % and a remission placebo rate of 10 % must be kept in 
mind when evaluating effi cacy [ 46 ]. Foam and supposito-
ries will provide a higher response rate in distal UC [ 42 ] 
and better patient compliance [ 47 ]. As anticipated, higher 
endoscopic and histological remission rates accrued with 
longer treatment duration [ 44 ,  48 – 61 ] and with lower 
relapse rates [ 62 ,  63 ]. 

 The Marshall and Irvine meta-analysis concluded that 
rectal 5-ASA is comparable to rectal glucocorticoids for 
improvement, but better for inducing remission. This was 

   Table 10.2    Mechanism of steroid resistance   

 Genetic 
 • GR mutations 
 • MDR1 gene 
 • HLA class II DRB1*0103 
 Acquired 
 • Abnormal steroid absorption or metabolism—not proven 
 • Altered glucocorticoid receptor concentrations—not proven 
 • Greater presence of GR-β and GR-γ isoforms—possible 
 • Lessened affi nity of ligand for glucocorticoid receptors—not 

proven 
 • Reduced glucocorticoid receptor affi nity to bind DNA—possible 
 • Altered expressions of transcription factors/cytokines 

  Adapted from Creed TJ, Probert CS. Steroid resistance in infl ammatory 
bowel disease—mechanisms and therapeutic strategies.  Aliment 
Pharmacol Ther . 2007;25:111–122 [ 31 ]  

   Table 10.3    Rectal hydrocortisone pharmacology   

 Ulcerative colitis  Controls 

 Bioavailability (%)  16.4 ± 14.8  30.0 ± 15.1 
  C  max  (nM)  277 ± 215  610 ± 334 

  With food bioavailability, 2 %;  C  max , 35 ng/ml 
 Adapted from Petitjean O, Wendling JL, Tod M, et al. Pharmacokinetics 
and absolute rectal bioavailability of hydrocortisone acetate in distal 
colitis.  Aliment Pharmacol Ther . 1992;6:351–357 [ 131 ]  
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consistent across symptomatic, endoscopic, and histological 
outcomes. However, 5-ASA was as effective as budesonide 
in two trials regarding improvement and remission but failed 
to meet all end points. Adverse events were comparable for 
all rectal preparations of budesonide albeit with less endog-
enous cortisol suppression than conventional glucocorticoids 
based on serum cortisol determinations. 

 The role of rectal corticosteroids is an alternative distal 
colitis treatment in patients failing or intolerant to 5-ASA 
preparations. 5-ASA preparations were superior to glucocor-
ticoids in active disease as well as maintenance of remission 
(Table  10.4 ).

   In 2000, Cohen et al. [ 64 ] visited therapy for left-sided UC 
and proctitis via a meta-analysis of the accumulated literature 
through 1997 and concluded that topical 5-ASA again was 
superior to oral therapies or topical glucocorticoids. In left-
sided disease, 5-ASA’s higher remission rate over glucocorti-
coid enemas was not dose dependent. Similarly 5-ASA 
suppositories were superior to glucocorticoid topical therapy 
in ulcerative proctitis, but no dose response could be estab-
lished. Overall, the authors concluded remission and improve-
ment rates of 10–80 % with 5-ASA enemas over oral 5-ASA 
and glucocorticoid enemas. 

 Confounding features of meta-analyses open to criticism 
include different study populations, methodologies, and vari-
ation in study design. Odds ratios can be exaggerated by 

17 % if studies are not double blinded [ 65 ], 30 % if lacking 
randomization [ 66 ], 41 % if inadequate concealment of treat-
ment allocation, or 30 % if unclear concealment [ 65 ]. 

 In a detailed analytic review of therapeutic trials for left- 
sided ulcerative proctitis, Regueiro et al. in 2006 evaluated 
the literature from 1995 through September 2005 [ 67 ]. Their 
assessment required multiple high-quality, randomized, con-
trolled trials with consistent results to merit “A+” grade 
down to “D” for expert opinion only. Trials were excellent 
only if specifi cally designed for left-sided disease, with posi-
tive results compared to placebo or a comparative drug. 

 Rectally administered corticosteroids rated A+ on evi-
dence and excellent effi cacy with a clear advantage of 4–5 
times more likely to have symptomatic and endoscopic 
improvement than placebo. Pooled OR was 0.21 (95 % CI 
0.07–0.71) for symptom and 0.27 (95 % CI 0.10–0.77) for 
endoscopic improvement [ 68 ]. 

 Rectal glucocorticoids for maintenance of remission fare 
poorly and should be considered ineffective for this indica-
tion; in addition, there are the added adverse effects that it 
carries (osteoporosis, cataracts, avascular necrosis, etc.). 
Indeed there was no value or gain of oral glucocorticoids 
over placebo after 6 months (as noted in the earliest study in 
1965) [ 69 ]. The oral steroid therapy data from the Mayo 
Clinic are clearly unfavorable for any sustained benefi t, i.e., 
the 1-month combined partial and complete remission note 

   Table 10.4    Randomized controlled trials of treatment for active L-UC: topically active corticosteroids   

 Author year  Study design     Treatment 1 compared to  Treatment 2  Results 

 Lofberg et al. 1996 
[ 129 ] 

 RCT, double blind 
( n  = 72) 

 Oral budesonide 10 mg  Prednisolone 40 mg  Endoscopic scores: budesonide 
comparable effi cacy to 
prednisolone after 9 weeks 

 Campieri et al. 1998 
[ 116 ] 

 RCT, double blind 
( n  = 157) 

 BDP enema (3 mg/60 ml)  PSP enema (30 mg/60 ml)  Clinical and endoscopic 
remission with BDP 29 % and 
PSP 25 % at 4 weeks ( p  = NS) 

 Hanauer et al. 1998 
[ 42 ] 

 RCT, double blind 
( n  = 233) 

 Budesonide enema, varying 
strengths: 0.5, 2.0, 
8.0 mg/100 ml 

 Placebo  Remission at 6 weeks: 
 Budesonide 0.5 mg/ 100 ml, 
7 % ( p  = NS) 
 Budesonide 2.0 mg/100 ml, 
19 % ( p  ≤ 0.05) 
 Budesonide 8.0 mg/100 ml, 
27 % ( p  < 0.001) 

 Lindgren et al. 2002 
[ 99 ] 

 RCT, double blind 
( n  = 149) 

 Budesonide enema, varying 
strengths: induction, 2.0, 
4.0 mg/100 ml; remission, 
2.0 mg/100 ml 

 Placebo  2 mg dose induces remission; no 
effect on maintenance of 
remission 

 Bar-Meir et al. 2003 
[ 125 ] 

 RCT, open label 
( n  = 251) 

 Budesonide foam 2 mg 
(Budenofalk) 

 Hydrocortisone acetate foam 
100 mg (Colifoam) 

 Remission rates: BDP 55 % and 
hydrocortisone acetate 51 % at 8 
weeks 

 Hammond et al. 2004 
[ 126 ] 

 RCT, open label 
( n  = 38) 

 Budesonide 2 mg/50 ml foam  Betamethasone 5 mg/100 ml  Mean life quality index score at 
4 weeks: budesonide foam 2.9 
and betamethasone enema 2.1 
( p  < 0.09) 

  Adapted from Regueiro M, Loftus Jr EV, Steinhart AH, et al. Medical management of left-sided ulcerative colitis and ulcerative proctitis; critical 
evaluation of therapeutic trials.  Infl amm Bowel Dis . 2006;12:979–994 [ 67 ] 
  BDP  beclomethasone dipropionate,  PSP  prednisolone sodium phosphate,  RCT  randomized controlled trial  
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of 84 % diminished to 49 % without glucocorticoids at 
1 year, 22 % of patients became dependent on glucocorti-
coids, and 29 % required colectomy [ 16 ]. 

 No benefi t was noted with a maintenance dose of rectal 
hydrocortisone 100 mg biweekly for 6 months [ 70 ]. No rec-
tal budesonide (2 mg biweekly) maintenance benefi t versus 
placebo could be established [ 71 ]. 

 Proctitis may become a vexing problem when active. 
5-ASA or glucocorticoid suppositories given 2–3 times daily 
may be helpful even with the expected diffi culty of retaining 
them with refractory disease [ 67 ]. 

 5-ASA or glucocorticoid enemas and glucocorticoid foam 
have been the mainstays of topical therapy for rectosigmoid 
UC. Occasionally enema preparations may skip (or bypass) 
the infl amed irritable rectal sigmoid due to instillation with 
the patient on his or her left side. Suppositories are recom-
mended 2–3 times daily as supplemental rectal medication 
until relief is achieved [ 71 ].   

    Nonsystemic First-Pass Metabolism 
Glucocorticoids 

    Budesonide 

    Pharmacokinetics 
 Budesonide is a nonhalogenated corticosteroid that has the 
highest known affi nity for the glucocorticoid receptor, yet 
with a remarkably low rate of corticosteroid systemic side 
effects. It is a 1:1 mixture of epimers (22R)- and (22S)- 
which are quickly metabolized with a half-life of 2.7 ± 0.6 h. 
Budesonide’s metabolism requires hydroxylation mainly by 
cytochrome P450 isoenzyme CYP3A4 found in highest con-
centration in the hepatocytes and intestinal epithelium [ 72 ] 
and is 88 % protein bound. Since oral budesonide is cleared 
signifi cantly in the intestinal mucosa and as a fi rst pass 
through the liver (at a rate approaching hepatic blood fl ow), 
the resultant bioavailability borders on 10 % [ 73 ,  74 ]. When 
given rectally, budesonide may reach the splenic fl exure [ 75 ] 
with a reported bioavailability up to 15 % in proctitis or left- 
sided UC patients [ 76 ]. Elimination is correlated with drug 
exposure concentration and duration of surface contact 
which will vary with inducers of CYP3A4 (e.g., rifampicin, 
Dilantin) and inhibitors (grapefruit juice, ketoconazole, etc.) 
[ 77 ]. Hepatic disease (e.g., cirrhosis) reduces budesonide 
metabolism and raises its plasma level up to 2.5× normal 
[ 78 ]. Its use in the elderly has not been studied. 

 In one study, no ill effects were recorded when taken dur-
ing pregnancy [ 79 ]. Budesonide is a category “C” drug, i.e., 
category with A/E in animals versus no controlled studies in 
pregnant women. No data is available of budesonide levels in 
breast milk nor evidence of fetal adrenal insuffi ciency, but 
safety issues with inhaled budesonide in lactating patients 
caution against its use when breastfeeding. 

 Topical budesonide enemas can reach the splenic fl exure 
within 15 min of administration. Maximal plasma levels 
from absorption of this route occurred within 1–3 h 
(1.5 ± 0.9 h) [ 80 ]. An 8-week use of European pH-released 
budesonide formulation (Budenofalk) resulted in identifi able 
drug levels in the descending colon, sigmoid, and rectal 
mucosa (15–60 ng/g) in biopsies from UC patients [ 81 ]. 

 Budesonide has demonstrated effi cacy both orally and 
rectally with the advantage of fewer corticosteroid side 
effects due to its low (systemic) bioavailability. Budesonide 
enema therapy at 6 weeks was signifi cantly more effective in 
one study than placebo with maintenance of normal ACTH 
levels [ 42 ]. 

 There is a predominant impression that rectal steroid use 
is diminishing based on reports of successful 5-ASA therapy 
in 80 % of UC patients [ 82 ]. The Mayo Clinic’s analysis 
recorded only 34 % of UC patients requiring steroids [ 16 ]. 
Rectal therapy fares better than oral therapy in most cases of 
distal colitis [ 83 ], particularly so when combined with oral 
therapy than either given as sole therapy [ 84 – 86 ]. Revisiting 
two prior rectal and oral 5-ASA studies noted time to resolu-
tion of rectal bleeding to be as early as 2 days with a median 
time of 8 days. Time for mucosal healing and clinical remis-
sion were higher as well with combined therapy by week 3, 
all making the case for the value of combined therapy. 
However considerable improvement in bleeding, bowel 
motion frequency, and mucosal healing in left-sided disease 
and proctitis has been noted with high-dose oral 5-ASA 
alone (ASCEND data). 5-ASA preparations are more effec-
tive than topical corticosteroids [ 87 ]. 

 Once-daily 3 g mesalazine administered as granules is 
superior to 9 mg [ 88 ] budesonide once daily administered as 
capsules for achieving remission in mild-to-moderately 
active UC, i.e., fewer patients achieved clinical remission at 
week 8 with budesonide 9 mg (39.5 %) versus with 5-ASA 
granules (54.5 %). However it is noteworthy that remission 
of UC was attained in about 40 % of budesonide-treated 
patients with a rapid onset of resolution [ 88 ]. 

 Budesonide enemas are as effective as prednisone enemas 
and signifi cantly better than placebo (Table  10.5 ) [ 42 ,  48 – 50 , 
 89 – 91 ].

   5-ASA remains the “workhorse,” i.e., the mainstay of 
therapy in mild to moderate UC. Rectal formulations given 
alone or with oral preparations are most effective in proctitis 
or left side UC. Rectal corticosteroids (hydrocortisone, 
budesonide, beclomethasone) have a benefi t albeit less than 
5-ASA [ 92 ]. When given as a foam or enema, it is antici-
pated that 60–66 % remission can be achieved after 4 weeks 
[ 93 ]. Yet rectal 5-ASA was superior to rectal budesonide 
with greater remission rate, quality of life parameters, and 
endoscopic and histological improvement [ 93 ,  94 ]. 
A Cochrane review of oral budesonide’s role in UC revealed 
it to be no better than placebo and defi nitely less effective 
than 5-ASA [ 95 – 97 ]. Further concerns with budesonide 
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involved a 50 % reduction in morning cortisol level versus 
placebo budesonide formulation [ 98 ].  Comment : Budesonide 
in oral controlled ileal release pH-dependent or rectal formu-
lations is less effective than 5-ASA for induction of remis-
sion in UC. The added burden of adverse adrenal events 
lessens the value of budesonide. 

 The budesonide enema experience is equally discourag-
ing in the maintenance of remission of UC with no difference 
in relapse rates compared to PBO, and an additional concern 
of budesonide is induced higher rate of adrenal symptoms 
[ 98 ]. Nevertheless budesonides’ fewer corticosteroid adverse 
events compared to prednisolone are of value with lesser 
budesonide-related adrenal insuffi ciency compared to con-
ventional GCS [ 98 – 104 ]. There is a concern of budesonides’ 
impact on growth in pediatric patients, i.e., adolescents with 
adrenal suppression [ 105 ] if used for prolonged periods 
[ 106 ,  107 ]. Overall GCS clinical side effects were not statis-
tically different than PBO (Table  10.5 ) [ 108 ,  109 ]. 

 Further study of Budesonide MMX ®  9 mg in UC patients 
presumed to deliver active drug throughout the colon resulted 
in 17.4 % of patients entering remission over 8 weeks versus 
7.4 % in placebo ( p  = 0.0143); no statistical signifi cance 
occurred for the 6 mg group but no adverse event differences 
between drug and placebo [ 110 ]. Budesonide MMX ®  9 mg 
administered once daily was found to be safe and effective at 
inducing a “modest” remission in patients with mild to mod-
erate UC (Table  10.6 ) [ 111 ].

   Prior experience with budesonide enemas showed effi -
cacy comparable to metronidazole in a double-blind ran-
domized controlled trial (RCT). Whether this response is 
sustained with maintenance therapy in the 10–15 % of 
patients developing chronic pouchitis will await further 
long-term trials.   

    Beclomethasone Dipropionate 

 Using this fi rst-pass metabolized steroid,  beclomethasone 
dipropionate  (BDP), in 177 UC patients, the clinical remis-
sion rate was virtually identical (63 %) to that achieved by 
5-ASA (62.5 %). Although a more favorable improvement in 
disease activity indices occurred in patients with more exten-
sive disease with BDP, the plasma cortisol levels were sig-
nifi cantly reduced in the BDP group. This was not a 
placebo-controlled trial [ 112 ]. BDP was found to be as effec-
tive as 5-ASA by inducing improvement on remission in 
70 % (148 patients) of patients versus 65.3 % (143 patients) 
given 5-ASA, when given topically (foam/enema) in 488 
patients culled from four clinical trials. BDP’s high fi rst-pass 
hepatic elimination provides signifi cantly less systemic bio-
availability with reduced GCS side effects while maintaining 
effi cacy [ 113 ]. Mild-to-moderately active UC patients did 
best with oral beclomethasone dipropionate but less so was 
achieved in proctitis patients. Of    the 394 UC patients not in 
remission, when given oral 5-ASA, rectal 5-ASA, or rectal 
steroids, 81.7, 39.8, or 9.4 %, respectively, occurred with 
remission; BDP at 5 or 10 mg/day resulted in remission in 
44.4 %, response in 22.3 %, and failure in 33.7 %. Adverse 
events included headache and nausea in 7.6 %. 6.6 % required 
hospitalization and 1 % went to colectomy [ 114 ]. 

 BDP’s safety was evaluated in 8 UC patients using the 
1 mg ACTH test of the pituitary-adrenal axis reserve. Fasting 
and peak cortisol responses to ACTH were suppressed in 6/8 
patients. One patient with suppressed fasting cortisol and 
another with a “blunted” ACTH response were noted as well 
2 weeks after initiation of BDP therapy. One month after ces-
sation of BDP, 7/8 patients’ ACTH tests were normal. 
 Comment : BDP in an enema formulation is capable of sig-
nifi cant suppression of the pituitary-adrenal axis [ 115 ]. 

 Two hundred and seventeen UC patients entered a 
 single- blind, randomized, controlled trial of either BDP 
3 mg enema o.d. or 5-ASA 1 g enema daily for 6 weeks. A 
signifi cant Disease Activity Index (DAI) decrease ( p  < 0.05) 
occurred in 36.7 % BDP- versus 29.2 % 5-ASA-treated 
patients. An initial problem in interpretation (other than lack-
ing a placebo arm) was a 15.7 % (34 patients) dropout rate: 
18 in the BDP group (16.2 %) and 16 (15.1 %) in the 5-ASA 

    Table 10.5    Budesonide enemas for active distal ulcerative colitis [ 48 , 
 49 ,  92 ]   

 Budesonide, 
2 mg ( N  = 20) 

 Placebo 
( N  = 20) 

 Budesonide, 
2 mg ( N  = 28) 

 Prednisolone, 
31 mg ( N  = 28) 

 Failure (%)  35  80* 
 Plasma 
cortisol 
 After 4 weeks 
(mmol/L) 

 446 ± 91  447 ± 89 

 Complete 
remission (%) 

 52  24* 

 Objective 
improvement 
(%) 

 93  75* 

  ∆  Plasma 
cortisol 
(mmol/L) 

 +11  −127 

  Adapted from Schölmerich J. Review article: systemic and topical steroids 
in infl ammatory bowel disease.  Aliment Pharmacol Ther . 2004;20(suppl 
4):66–74 [ 92 ] 
 * p  < 0.05 versus budesonide  

   Table 10.6    Results of budesonide versus placebo [ 110 ,  111 ]   

 Modifi ed ITT 
( N  = 410) 

 Bud-MMX 
9 mg 

 Bud-MMX 
6 mg 

 Entocort 
9 mg  Placebo 

 Study population  109  109  103  89 
 UCDAI 
remission,  n (%) 

 19(17.4)  9(8.3)  13(12.6)  4(4.5) 

  Δ vs. placebo  12.9  3.8  8.1  – 
  95 % CI  4.6, 21.3  −3.0, 10.5  0.4, 15.9  – 
   p -Value a   0.0047  0.2876  0.0481  – 

   a Chi-square test for remission versus placebo  
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group. A total of 203 patients were eventually included in the 
ITT analysis. Both agents were equivalent in effi cacy (i.e., 
DAI score), and sigmoidoscopic appearance with BDP was 
better for the moderate UC patients (DAI 7–10; i.e., 28.8 % 
remission versus 5.9 % 5-ASA), especially in left-sided dis-
ease. There was no adrenal suppression, and morning plasma 
cortisol levels were unchanged. Both budesonide and BDP 
appear effective and safe with their fi rst-pass metabolism 
feature [ 116 ]. BDP enemas were as effective as conventional 
glucocorticoids both with a diminished effect on plasma cor-
tisol [ 117 ]. BDP enema in combination with oral 5-ASA was 
better than either drug alone (Table  10.7 ) [ 117 ].

   Another    study of beclomethasone liquid enema or foam 
versus 2 g 5-ASA liquid enema or foam which was given 
once daily for 8 weeks had comparable remission rates for 
all four formulations. Any adverse events were related to dis-
ease exacerbations. Serum cortisol levels were stable in 86 % 
of patients before and after study completion [ 118 ]. A four 
random controlled trial meta-analysis comparing rectal BDP 
to rectal 5-ASA (1 foam, 3 enemas) again confi rmed similar 
effi cacy (69.9 % 5-ASA versus 65.3 % BDP OR 1.23, CI 
0.82–1.85) [ 113 ]. 

 In general, distal versus left-sided UC when refractory to 
5-ASA can be treated with glucocorticoid enemas, but for a 
limited period of time. Topical budesonide (enemas or foam) 
is a reasonable alternative to standard steroid enema therapy. 

 The risk of corticosteroid systemic effects is considerably 
reduced when using fi rst-pass metabolism agents such as 
budesonide or beclomethasone dipropionate (BDP). Yet the 
anti-infl ammatory activity is retained [ 119 – 122 ]. BDP has 
been useful when combined with oral 5-ASA as well [ 123 ]. 

  Prednisolone metasulfobenzoate  (PMB), a poorly 
absorbed GCS, was studied at 40 mg/day dosage of 60 mg/
day for 6 months versus prednisolone 40 mg/day for 2 weeks 
and then tapered over 8 weeks. Fewer A/E occurred with 
PMB group (8 % mood changes versus 46 % with predniso-
lone). Remission rates at 6 months were 51 % and 35 % for 
the 40 mg and 60 mg PMB group and 32 % in prednisolone 
group. There was no dose response [ 124 ]. This benefi t was 
not sustained in a random controlled study, which was dis-
continued due to lack of effi cacy.  

    Foam Preparations 

 Further experience with a steroid foam (Cortifoam ®  
100 mg/5 ml) appeared comparable to hydrocortisone ene-
mas (Cortenemas ®  100 mg/60 ml) in 30 patients yet 53 % 
(8/15) of the enema group reported diffi culties with enema 
retention versus 0 % (0/15) in the foam group [ 47 ]. 
A budesonide foam (Budenofalk ®  2 mg/ml) was compared to 
a PBO liquid enema and budesonide liquid enema (Entocort ®  
2 mg/100 cc) in 541 patients over 4 weeks with proctitis or 
proctosigmoiditis with remission rates of 60 % in budesonide 
foam versus 66 % in liquid enema group yet 84 % of patients 
preferred foam [ 93 ]. In a trial of 251 ulcerative 
 proctosigmoiditis patients given hydrocortisone foam 
(Colifoam ®  100 mg/15 cc) versus budesonide foam 
(Budenofalk ®  2 mg/20 cc), both groups achieved comparable 
remission rates (53 % budesonide and 52 % hydrocortisone 
group) with similar endoscopic and histological improve-
ments. Strangely 3 % of the budesonide group had a degree of 
adrenal suppression with cortisol levels <5 μg/ml, yet none of 
the hydrocortisone patients experienced adrenal suppression. 
Again, patients preferred foam over enema therapy [ 125 ]. A 
signifi cantly greater degree of adrenal suppression (87 %) 
occurred with betamethasone liquid enema (5 mg/100 cc) 
versus a budesonide foam (2 mg/50 ml) of 22 % [ 126 ]. 

 5-ASA again asserted its superiority over steroid topical 
therapy in a 245-patient 4-week study comparing predniso-
lone foam (Predfoam ®  20 mg/30 cc) achieving remission of 
31 % and 5-ASA foam (Asacol ®  2gm/120 cc) remission of 
52 %. 5-ASA foam achieved a greater endoscopic remission 
as well (5-ASA 40 % versus 31 %) [ 44 ]. 

 Budesonide foam is equivalent in effi cacy to hydrocorti-
sone foam [ 125 ], but 5-ASA enemas may have better effi -
cacy than budesonide or standard glucocorticoid enemas [ 51 , 
 52 ]. Budesonide foam is comparable in effi cacy to 5-ASA 
enemas [ 127 ] and not different than betamethasone enema 
therapy [ 126 ]. 

 In one study, 23/44 (52 %) budesonide foam (2 mg) 
patients entered remission versus 14/38 (37 %) receiving 
hydrocortisone foam (hydrocortisone acetate 100 mg). 
Although numerically greater, the budesonide foam group’s 
results did not achieve statistical signifi cance. Three percent 
of the budesonide foam group had low plasma cortisol lev-
els. There were no signifi cant adverse events. Remission 
criteria were strict, corresponding to a DAI of 0 in this 
8-week study [ 125 ]. 

    Budesonide Foam Versus Enema in Active 
Ulcerative Colitis and Proctosigmoiditis 
 A large 449-patient randomized, controlled trial revealed a 
60 % remission rate with budesonide foam versus 66 % rate 
with budesonide enema on a per protocol basis ( p  = 0.02) for 
non-inferiority foam. Eighty-four percent of patients pre-
ferred the easier application and tolerability of foam. Given 

   Table 10.7    BDP versus 5-ASA enema versus combination in distal 
ulcerative colitis   

 4 Weeks 
 BDP, 3 mg 
( N  = 20) 

 5-ASA, 1 g 
( N  = 21) 

 Combination 
( N  = 20) 

 Endoscopic remission (%)  30  10   37 
 Clinical improvement (%)  70  76  100 
 Endoscopic improvement 
(%) 

 75  71  100 

  Adapted from Ulder CJ, Fockens P, Meijer JW, et al. Beclomethasone 
dipropionate (3 mg) versus 5-aminosalicylic acid (2 g) versus the com-
bination of both (3 mg/2 g) as retention enemas in active ulcerative 
proctitis.  Eur J Gastreonterol Hepatol . 1996;8:549–553 [ 132 ]  
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a 15 % non-inferiority margin, 541 patients had to be 
enrolled, making this the largest rectal therapy trial for distal 
UC. Interestingly, the patients with a Rachmilewitz clinical 
DAI >8 score had a signifi cantly lesser remission rate as did 
patients with a prior failure with oral or rectal 5-ASA. Still    
49 % and 41 % budesonide foam and 50 and 68 % budesonide 
enema treated, patients previously given oral and rectal 
5-ASA non-responders achieved remission. There were high 
rates of endoscopic (50 % foam, 54 % budesonide) and 
 histological (51 % foam, 57 % enema) remission [ 68 ]. 

 A rectal budesonide foam remission rate of 60 % is com-
parable to rectal 5-ASA remission (53 %) and considerably 
higher than placebo in published studies. Greater acceptance 
of the foam (84 %) over enema (6 %) was impressive but 
predictable. Although increased fl atulence with foam prepa-
rations has been reported [ 128 ], this may be related to incor-
rect usage of product variation regarding volume and 
pressure effects. 

 The role of oral budesonide in the therapy of pouchitis 
was revisited in an Italian study of 20 patients given 
budesonide CIR 9 mg daily for 8 weeks [ 128 ]. Fifteen of 20 

patients entered remission with a median drop in their 
Pouchitis Disease Activity Index (PDAI) from 14 to 3 (remis-
sion defi ned as ≤4 PDAI and improved IBDQ score (102 
rising to 182)). These patients were unresponsive to a prior 
4-week course of antibiotics.    

    Conclusion 

 Rectal therapy with glucocorticoids and 5-ASA is effective 
in inducing remission in ulcerative proctitis and left-sided 
ulcerative colitis (Table  10.8 ). 5-ASAs orally and rectally are 
preferred. Glucocorticoid enemas are effective, but there are 
concerns regarding systemic absorption albeit less so with 
fi rst-pass metabolism corticosteroids (budesonide or BDP). 
There is little to no support for rectal glucocorticoids for 
maintenance of remission as exists for rectal 5-ASA. Rectal 
glucocorticoids or rectal 5-ASA in combination with oral 
5-ASA is more effective than monotherapy [ 129 ,  130 ]. 
Figure  10.1  shows a management algorithm for treatment of 
ulcerative proctitis.

   Table 10.8    Corticosteroids foam preparations for ulcerative colitis   

 Rectal steroid foams 
vs. liquid enemas 

 Ruddell 
et al. 1980 
[ 47 ] 

 Hydrocortisone foam 
100 mg/5 ml vs. 
hydrocortisone liquid 
enema 100 mg/60 ml 
administered twice daily 

 Randomized 
investigator- 
blinded single 
center 

 30  Proctosigmoiditis  2 weeks     Clinical improvements 
equivalent Diffi culty 
with enema retention 
lower in the foam group 

 Gross et al. 
2006 [ 93 ] 

 Budesonide foam 
2 mg/25 ml + placebo 
enema vs. budesonide 
enema 
2 mg/100 ml + placebo 
administered once daily 

 Randomized 
double-blind 
multicenter 

 541  Proctitis or 
proctosigmoiditis 

 4 weeks  Clinical remission 
equivalent 
 Majority preferred foam 

 Newer generation 
rectal corticosteroids 
compared to standard 
steroid formulation 

 Hammond 
et al. 2004 
[ 126 ] 

 Budesonide foam 
2 mg/20 ml vs. 
hydrocortisone foam 
100 mg/15 ml 
administered once daily 

 Randomized 
open-label 
multicenter 

 251  Proctitis or 
proctosigmoiditis 

 4 weeks  Clinical remission 
equivalent 
 Adrenal suppression 
rates similar 

 Steroid foam vs. 
5-ASA 

 Lee et al. 
1996 [ 44 ] 

 5-ASA foam 2 g/120 ml 
vs. prednisolone 
20 mg/30 ml 
administered once daily 

 Randomized 
investigator- 
blinded 
multicenter 

 295  Left-sided UC  4 weeks  Clinical remission 
favors 5-ASA 

 Biancone 
et al. 2007 
[ 118 ] 

 4 arms: BDP liquid 
enema 3 mg vs. BDP 
foam 3 mg vs. 5-ASA 
foam 2 g vs. 5-ASA 
liquid enema 2 g 

 Randomized 
double-blind 
multicenter 

 99  Mild-moderate 
proctitis or 
proctosigmoiditis 

 8 weeks  Remission rates 
equivalent in all 4 arms 
including combined 
BDP vs. combined 
5-ASA groups Serum 
cortisol similar 

  Adapted from Loen BL, Siegel C. Foam Preparations For Treatment of Ulcerative Colitis, Current Drug Deliver 2011;8(No. 5)1–7 [ 133 ]  
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        Introduction 

 Ulcerative colitis (UC) is a lifelong, immune-mediated 
infl ammatory condition of the colonic mucosa, which is 
characterized by a relapsing and remitting course [ 1 ]. The 
primary goals of therapy in the treatment of UC are to induce 
remission of patient’s symptoms as rapidly as possible and 
maintain remission on a long-term basis. By reducing the 
episodes of relapse, it is possible to reduce the risk of long-
term complications and improve patient quality of life. 

 Corticosteroids remain one of the most effective therapies 
for inducing remission in patients with moderate to severe 
UC. However, approximately 50–80 % of patients in whom 
corticosteroids are prescribed will experience a rapid relapse 
of symptoms. Antimetabolite therapy has found widespread 
use for corticosteroid-dependent patients in clinical practice, 
although the data supporting the use of thiopurines— 
azathioprine and mercaptopurine—and methotrexate are 
more robust in the steroid-dependent Crohn’s disease than in 
UC. This chapter will review the current state of the art 
regarding the thiopurine drugs and methotrexate for the 
treatment of UC.  

    Thiopurines for the Treatment of Ulcerative 
Colitis Patients 

    What Is the Mechanism of Action 
of the Thiopurine Drugs? 

 The metabolism of azathioprine and mercaptopurine is com-
plex [ 2 ]. Azathioprine is nonenzymatically converted to mer-
captopurine after oral administration and absorption. Both 
azathioprine and mercaptopurine are prodrugs. Mercaptopurine 
can then be metabolized to an active metabolite, thioguanine. 
Thioguanine is incorporated into ribonucleotides, thereby 
exerting an antiproliferative effect on mitotically active lym-
phocyte populations [ 3 ]. Thiopurine methyltransferase (TPMT) 
metabolizes mercaptopurine into an inactive 6-methylmercap-
topurine. Therefore, reduction in TPMT activity predisposes to 
the development of adverse effects such as bone marrow sup-
pression due to preferential metabolism of mercaptopurine to 
thioguanine nucleotides. Azathioprine and mercaptopurine 
also may possess direct anti-infl ammatory properties by inhib-
iting a cytotoxic T cell and natural killer cell function and 
inducing apoptosis of T cells. Although it has been speculated 
that azathioprine may possess immunosuppressive and meta-
bolic benefi ts beyond that of mercaptopurine, these drugs are 
used interchangeably in clinical practice [ 4 ].  

    What are the Indications for the Treatment 
with Thiopurines in UC Patients? 

 At present, thiopurine treatment is recommended in steroid- 
dependent and steroid-refractory UC patients [ 5 ]. For an 
arbitrary but practical reason, the “European Crohn’s and 
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Colitis Organization” proposes several scenarios where 
 thiopurine treatment in UC should be recommended [ 5 ]: (a) 
patients who have a severe relapse, (b) those who require two 
or more corticosteroid courses within a 12-month period, (c) 
those whose disease relapses as the steroid dose is reduced 
below an arbitrary 15 mg, and (d)    those whose disease 
relapses within 3 months of stopping steroids.  

    What Is the Recommended Dosage 
of Thiopurines for the Treatment 
of UC Patients? 

 The choice of azathioprine and mercaptopurine dosage is 
generally based on the weight of the patient, with the inten-
tion of achieving the highest therapeutic effi cacy and, at the 
same time, reducing the incidence of adverse effects. Several 
clinical trials have shown that the adequate azathioprine 
dosage in Crohn’s disease patients is 2–3 mg/kg/day. 
Azathioprine is 55 % mercaptopurine by molecular weight, 
and 88 % of azathioprine is converted to mercaptopurine. 
When changing from mercaptopurine to azathioprine, a 
conversion factor of 2.07 can be used [ 6 ]; thus, the equiva-
lent dosage of mercaptopurine is approximately 1.5 mg/kg/
day [ 7 ]. 

 Strategies for initiating treatment with thiopurines vary 
and range from slow titration to immediately starting at the 
full weight-based dose [ 7 ]. A theoretical rationale behind 
slow titration is to carefully monitor for clinical signs of tox-
icity. However, dose-dependent toxicities (such as hepatitis 
and delayed myelotoxicity) are unlikely until a signifi cant 
cumulative dose has been given. On the other hand, idiosyn-
cratic reactions such as pancreatitis, fever, rash, nausea/vom-
iting, diarrhea, and arthralgias, which are dose independent, 
would not be avoided by giving lower doses of the drug. 
Therefore, slow titration may further delay an already 
lengthy period before therapeutic effects are seen [ 7 ]. 

 In conclusion, as long as TPMT activity is normal, treat-
ment can be started at an adequate dosage (i.e., 2–3 mg/kg/
day for azathioprine and 1.5 mg/kg/day for mercaptopurine) 
with monitoring of clinical side effects, biweekly blood 
count, and liver function tests for 2 months and then every 
3–6 months for the entire duration of the treatment [ 7 ].  

    Are Thiopurines Effective in the Treatment 
of UC Patients? 

    Are They Effective in Inducing Remission in UC? 
 There are two randomized and controlled trials that evalu-
ated the effi cacy of azathioprine in inducing remission in 
UC. The fi rst one included 80 patients with active UC that 
were randomized to receive azathioprine (2.5 mg/kg) or 

 placebo [ 8 ]. Both groups were similar considering the 
 primary end point, which was the remission rate after 1 
month of treatment. The second trial comprised 50 UC 
patients who were treated with sulfasalazine, steroids, and 
azathioprine (2 mg/kg) or sulfasalazine, steroids, and pla-
cebo [ 9 ]. The remission rates were similar in both groups 
after 4 months of treatment [ 9 ]. 

 Data from the studies assessing the effi cacy of thiopurines 
in inducing and maintaining remission in UC have been 
pooled in two meta-analyses. The fi rst one by Gisbert et al. 
included studies comparing thiopurines with placebo or 
5-aminosalicylates [ 10 ]. The second meta-analysis, recently 
published by Kahn et al., only included clinical trials com-
paring azathioprine or mercaptopurine with placebo [ 11 ]. 
Both meta-analyses provide relevant information regarding 
the effi cacy of thiopurines in UC. Although there seems to be 
a trend towards the benefi t of azathioprine when compared 
with placebo in inducing remission, it did not achieve statis-
tical signifi cance. 

 Nevertheless, it has been suggested that, in all studies that 
assess the effectiveness of thiopurines in inducing remission 
in UC patients, the evaluation of response to the treatment is 
too early considering the delayed (approximately 4 weeks) 
onset of action of these drugs. 

 In summary, thiopurines do not seem to be effective in 
inducing remission in UC patients.  

    Are Thiopurines Effective in Maintaining 
Remission in UC? 
 Three clinical trials assessing the effi cacy of azathioprine in 
the maintenance of remission in UC have been published [ 8 , 
 12 ,  13 ]. In these studies, patients with quiescent UC under 
thiopurine treatment were included, and they were followed 
up during within 9–12 months to estimate the risk of relaps-
ing. All of them showed that azathioprine is effective in 
maintaining remission in UC. 

 In the abovementioned meta-analysis by Gisbert et al., the 
mean effi cacy with thiopurines was 60 and 37 % in the con-
trol group (including both 5-aminosalicylates and placebo 
groups) [ 10 ]. The  odds ratio  (OR) for this comparison was 
2.56. When only the three studies comparing azathioprine/
mercaptopurine with placebo were considered, the OR was 
2.59 [ 10 ]. Another meta-analysis by Timmer et al. demon-
strated that azathioprine therapy appears to be more effective 
than placebo for the maintenance of remission in ulcerative 
colitis [ 14 ]. 

 In conclusion, thiopurines are effective in maintaining 
remission in UC patients.  

    Are Thiopurines as Effective in UC as They 
Are in Crohn’s Disease? 
 Few studies have directly compared the effi cacy of thiopu-
rines in UC and Crohn’s disease. Kull et al. compared the 
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6-month effi cacy of azathioprine in both diseases [ 15 ]. The 
authors found that clinical remission rates were slightly 
higher for UC than for Crohn’s disease patients (77 % vs. 
70 %); furthermore, complete corticosteroid weaning was 
obtained signifi cantly more often in UC than in Crohn’s dis-
ease patients (59 % vs. 30 %). Verhave et al. concluded that 
patients with UC treated with thiopurines responded simi-
larly to their Crohn’s disease counterparts; moreover, they 
determined that the benefi cial effect occurred 1 month sooner 
in UC than in Crohn’s disease patients [ 16 ]. Finally, Fraser 
et al. demonstrated that azathioprine was more likely to 
achieve remission in patients with UC than with Crohn’s dis-
ease (58 % vs. 45 %) but was equally effective for mainte-
nance of remission [ 17 ]. 

 In the study by Bastida et al., the benefi cial effect of aza-
thioprine was independent of the type of infl ammatory bowel 
disease (IBD), Crohn’s disease, or UC [ 18 ]. Finally, Gisbert 
et al. found in a recent prospective study that azathioprine 
was similarly effective for both IBD types, as remission was 
achieved in 49 % of Crohn’s disease patients and in 42 % of 
UC patients; furthermore, azathioprine treatment resulted in 
a similar reduction in the number of surgical procedures and 
hospitalizations in both diseases [ 19 ]. 

 The number needed to treat (NNT) to prevent one relapse 
with azathioprine, when compared with placebo, has been 
calculated to be 5, which compares favorably with the NNT 
of 7 reported with azathioprine in Crohn’s disease [ 10 ]. 
Furthermore, some authors have suggested that this effect 
of thiopurines might occur sooner in UC than in Crohn’s 
 disease [ 16 ]. 

 In summary, it could be concluded that thiopurines are at 
least as effective in UC as in Crohn’s disease patients.   

    Is Treatment with Thiopurines Safe, 
Specifi cally in UC Patients? 

 Unfortunately, more than one-third of IBD patients have to 
discontinue thiopurine therapy during the course of the dis-
ease, the main reason being the occurrence of intolerable 
adverse events, which are reported in 10–30 % of the IBD 
patients using thiopurines. The side effects of thiopurines 
can be divided into dose-independent and pharmacologically 
explainable dose-dependent events. Among the dose- 
independent events, idiosyncratic or allergic reactions are 
rash, fever, arthralgias, pancreatitis, and hepatitis. The dose- 
dependent toxicity of thiopurines may largely be explained 
by the complex metabolism of thiopurines, which results in a 
number of potentially effective or toxic metabolites. 
Hepatotoxicity and myelotoxicity are usually considered 
dose-dependent reactions [ 20 ,  21 ]. 

 Nausea is usually the most frequent thiopurine-related 
adverse event. Although it is not a life-threatening adverse 

effect, it severely limits treatment with thiopurines, as more 
than 80 % of patients with nausea have to discontinue the 
treatment with these drugs. Infection is a relatively common 
indirect toxicity, being observed in approximately 7 % of 
patients [ 4 ]. In addition to bacterial infections, viral infec-
tions are associated with use of azathioprine and mercapto-
purine. The herpesviruses, specifi cally Epstein-Barr virus, 
cytomegalovirus, varicella-zoster virus, and herpes simplex 
virus, have all been reported to cause some rare but serious 
complications in IBD patients receiving azathioprine/ 
mercaptopurine. Most herpesvirus infections are probably 
unrecognized and manifest as self-limited viral syndromes, 
but life-threatening complications such as disseminated 
varicella- zoster, pneumonitis, and viral-mediated hemo-
phagocytic syndrome have been reported [ 4 ]. 

 In the same way, it has been suggested that there is an 
increased risk for the development of some malignancies in 
IBD patients under thiopurine therapy. The relationship 
between thiopurines and development of cancer, especially 
hematological malignancies such as lymphomas, remains a 
controversial topic. A meta-analysis of the risk of malig-
nancy associated with the use of immunosuppressive drugs 
suggested that the administration of immunosuppressive 
drugs in IBD patients probably does not confer a signifi -
cantly increased risk of malignancy compared with patients 
with IBD who are not receiving these agents [ 22 ]. There was 
not a signifi cant difference when the authors analyzed the 
length of exposure to immunosuppressants or whether the 
patients had Crohn’s disease or UC. 

 The issue of the relationship between lymphoma and IBD 
is complex due to the effects caused by the disease per se and 
by the disease activity and because different IBD therapies 
clearly overlap. A meta-analysis of Kandiel et al. identifi ed 
six cohort studies with azathioprine or mercaptopurine expo-
sure that have been specifi cally designed to evaluate cancer 
as adverse outcome [ 23 ]. The total number of observed cases 
was 11, with a pooled relative risk of 4.18. Recently, results 
from the very large French population-based CESAME 
study suggest a doubling of the risk of lymphoma in patients 
with IBD, with the majority of cases occurring in association 
with immunosuppressive therapy [ 24 ]. However, because 
these data were obtained from observational studies, it is not 
possible to exclude the possibility that disease severity is a 
confounding factor. Another recent meta-analysis by Kotlyar 
et al. found that there is a higher risk for lymphoma in 
patients using azathioprine or 6-MP [ 25 ]. The overall 
Standard Incidence Ratio (SIR) for lymphoma was 4.49 
(95 % CI, 2.81–7.17), ranging from 2.43 (95 % CI,  1.50–3.92) 
in eight population studies to 9.16 (95 % CI, 5.03–16.7) in 
ten referral studies. Population studies demonstrated an 
increased risk among current users (SIR = 5.71; 95 % CI, 
3.72–10.1), but not in former users of azathioprine 
or 6- mercaptopurine (SIR = 1.42; 95 % CI, 0.86–2.34). 

11 Antimetabolite Therapy in Ulcerative Colitis…



138

The level of risk became signifi cant after 1 year of exposure 
to azathioprine or 6-mercaptopurine. Also, men have greater 
risk than women (RR = 2.05; P < .05); both sexes were at 
increased risk for lymphoma (SIR for men = 3.60; 95 % CI, 
2.68–4.83; SIR for women = 1.76, 95 % CI, 1.08–2.87). 
Also, there was found to be an age-dependent risk for lym-
phoma with patients younger than 30 years having the high-
est RR (SIR = 6.99; CI, 2.99–16.4); younger men had the 
highest risk. The absolute risk was highest in patients older 
than 50 years (1:377 cases per patient-year). 

 As an overall conclusion, the consensus about the rela-
tionship between immunosuppressants and lymphoma is that 
the risk is of small magnitude and, in any case, the benefi cial 
effects exerted by these drugs on IBD patient outcomes 
would clearly outweigh the risk caused by the drug itself. 

 In addition to lymphoma, there has been a concern that 
azathioprine may be related to other malignancies. However, 
this association remains controversial. Azathioprine and 
mercaptopurine do not increase the risk of colorectal cancer; 
moreover, it seems to have a protector effect by controlling 
mucosal infl ammation [ 26 ]. On the other hand, an increased 
risk of nonmelanoma skin cancer is well recognized in the 
immunosuppressed transplant population as well, and it has 
also been reported in IBD [ 27 ,  28 ]. A recent meta-analysis 
has reinforced this association. However, this fi nding has not 
been confi rmed by all authors [ 29 ].  

    How Can Thiopurine Therapy Be Optimized 
in UC Patients? 

 Determining TPMT genotype or enzyme activity phenotype 
prior to initiating azathioprine therapy has the potential to 
reduce myelosuppression by 25–50 %. Approximately, 90 % 
of the population has a wild-type genotype with a normal 
activity of the enzyme; about 11 % of the population has 
intermediate activity and 0.3 % of the population has low 
activity [ 30 ,  31 ]. However, some patients will still experi-
ence myelosuppression despite a normal TPMT activity, and 
thus, all patients undergoing thiopurine treatment will need 
regular complete blood count monitoring during follow-up 
[ 32 ]. Nevertheless, determination of TPMT activity prior to 
the administration of these drugs would allow for identifi ca-
tion of those patients who should avoid thiopurine treatment 
due to a very high risk of severe myelotoxicity. This has been 
proven to be a cost-benefi t strategy [ 33 ,  34 ]. 

 Inosine triphosphate pyrophosphatase (ITPA) is another 
enzyme involved in the metabolism of thiopurines. The defi -
cient function of this enzyme leads to an abnormal accumu-
lation of potential toxic metabolites. Indeed, some authors 
have reported that ITPA polymorphisms are associated with 
allergic reactions to thiopurines. However, this association 
has not been confi rmed by all authors. Until further studies 

confi rm the utility of ITPA testing, its use cannot be 
 recommended in clinical practice [ 4 ]. 

 The measurement of serum thiopurine metabolite levels 
has been proposed by some authors as a useful tool to opti-
mize treatment with azathioprine and mercaptopurine [ 35 , 
 36 ]. However, the utility of this strategy has been debated in 
the literature and even referred to as the “metabolite contro-
versy.” In 2000, Dubinsky et al. showed that, in children, 
higher thioguanine levels corresponded to a higher frequency 
of response [ 37 ]. In fact, 65 % of patients with thioguanine 
levels in the therapeutic range had a benefi cial response as 
opposed to the 27 % with suboptimal levels [ 37 ]. Similar 
results have been reported by others, but this has not been 
consistent among all groups [ 38 – 40 ]. As an example, a 
recent large multicenter trial did not support the determina-
tion of thioguanine levels to predict treatment outcomes, and 
no useful serum metabolites threshold value to adjust the 
drug’s dose was identifi ed [ 40 ]. 

 In summary, although thioguanine is an important metab-
olite associated with both the effi cacy and toxicity of aza-
thioprine/mercaptopurine, other metabolites are likely to 
also play an essential role. At the current time, we believe 
that the data are insuffi cient to support routine monitoring of 
mercaptopurine and thiopurine metabolites.  

    How Long Should Thiopurine Therapy 
be Maintained in UC Patients? 

 As thiopurine therapy is associated with a wide range of 
adverse events, more data are required to determine the opti-
mal duration of therapy, particularly for patients in remis-
sion. Data regarding the long-term effi cacy of thiopurines 
and about IBD patient outcomes after the cessation of these 
drugs are scarce. Several trials have shown that, irrespective 
of the duration of remission, withdrawing thiopurine therapy 
increases the risk of relapse in Crohn’s disease patients [ 41 ]. 

 In the case of UC, Holtman et al. performed a multicenter 
retrospective study aiming to evaluate the long-term effi cacy 
of thiopurine therapy [ 42 ]. Data from 358 UC patients were 
analyzed according to the duration of the treatment (less than 
3 years, 3–4 years, and longer than 4 years). In this study, the 
risk of relapse and the need for steroid treatment were sig-
nifi cantly lower after initiating thiopurine treatment. The 
authors found that discontinuation of the thiopurines after 3 
years of treatment was associated with a high risk of relapse. 
Therefore, authors concluded that treatment with these drugs 
should be maintained for at least 4 years [ 42 ]. 

 These benefi ts of the long-term treatment with thiopu-
rines have been confi rmed by other authors. In this respect, 
in a study performed on 622 IBD patients (346 UC), it was 
found that the benefi cial effect of azathioprine remains at 
least after 5 years of treatment [ 43 ]. In the same way, Chebli 
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et al. evaluated the effi cacy of azathioprine on a cohort of 42 
UC patients who had been on this drug for at least 3 years. 
They found that the remission rate and the steroid-sparing 
effect were maintained at the end of follow-up [ 43 ]. 

 The consequences of the discontinuation of thiopurine treat-
ment in UC patients were evaluated by Hawthorne et al. [ 44 ]. 
Seventy-nine UC patients who had been taking azathioprine 
for at least 6 months were included. Patients were randomized 
to receive azathioprine or placebo for 12 months. This study 
showed that the protective effect of azathioprine in the mainte-
nance of remission in UC lasts for at least 2 years in patients 
who have achieved remission while taking the drug. Moreover, 
discontinuation of the treatment led to a double-risk of relapse, 
when compared with patients who maintained treatment (36 % 
in the azathioprine group vs. 56 % in the placebo group). 

 Similar results were reported by Cassinotti et al. [ 45 ] .  
These authors included 127 patients who were in steroid-free 
remission at the time of azathioprine withdrawal, and they 
were followed-up for a median of 55 months or until relapse. 
Sixty-seven percent of patients relapsed at a median of 12 
months after withdrawal of the drug. Several predictive fac-
tors for relapse were identifi ed in this study: lack of sustained 
remission during azathioprine maintenance, extensive coli-
tis, and treatment duration, with a higher risk of relapse 
among those patients who had received short treatments (3–6 
months) compared with those who had been under thiopu-
rines for longer than 48 months. 

 All these data suggest that the effi cacy of azathioprine in 
UC patients remains in long-term treatment and that with-
drawal of the drug in patients who were in remission is asso-
ciated with a high risk of relapse. Therefore, in the same 
sense as in transplant patients, thiopurine therapy should 
probably be indefi nitely maintained once the remission is 
reached in UC patients. 

 In conclusion, thiopurine withdrawal trials have shown 
that, irrespective of the duration of remission, withdrawing 
thiopurine therapy increases the risk of relapse both in CD 
and UC. Given these results, continuation may be favorable 
in the majority of patients. Nevertheless, there remain a 
minority who needlessly continue thiopurine therapy and are 
exposed to the associated risks. Accordingly, the identifi ca-
tion of patients who, despite cessation of thiopurine therapy, 
will be at a low risk of relapse is of particular interest.   

    Methotrexate in the Treatment 
of Ulcerative Colitis 

    What Is the Clinical Pharmacology 
of Methotrexate? 

 Methotrexate was initially used for the treatment of leukemia 
in children, at which time it was noticed that those with 
 concomitant psoriasis or rheumatoid arthritis showed 

improvement in these conditions [ 46 ]. Subsequent studies 
confi rmed effi cacy in these two diseases, which led to trials 
in IBD. Methotrexate is an analog of folic acid and of ami-
nopterin, which is also a folic acid antagonist. One of the 
main mechanisms of its action is the inhibition of dihydrofo-
late reductase, the enzyme involved in de novo synthetic 
pathway for purines and pyrimidines. The rationale for the 
use of high-dose methotrexate in the treatment of cancer is 
that rapidly proliferating malignant cells become starved of 
purine and pyrimidine precursors and therefore are unable to 
suffi ciently maintain DNA and RNA synthesis, leading to 
decreased proliferation. The underlying anti-infl ammatory 
effect of low-dose methotrexate in infl ammatory diseases 
such as IBD is less clear, as the antiproliferative activity of 
low-dose methotrexate is minimal [ 47 ].  

    What Is the Preferred Route 
of Administration of Methotrexate? 

 Methotrexate can be administered orally, intramuscularly, or 
subcutaneously. The parenteral route is preferred as the 
threshold absorption rate, when it is administered orally, can 
be decreased by 30–70 %. Intramuscular and subcutaneous 
administration result in similar bioavailability of the drug, 
but subcutaneous administration is normally better tolerated 
[ 48 ]. The majority of the drug, between 65 and 80 %, is 
excreted by the kidneys and the rest is secreted in the bile 
[ 49 ]. A correlation has not been found between metabolites 
in serum and clinical effi cacy, suggesting that there is no 
clinical value in monitoring these levels. 

 The optimal dose of methotrexate in UC has not been 
established. However, based on the recommendations for 
Crohn’s disease, the majority of authors suggest administer-
ing 25 mg subcutaneously weekly for the treatment of active 
disease with, perhaps, a dose reduction to 15 mg subcutane-
ously weekly for the maintenance of remission [ 50 ]. 

 Time to onset of action is probably earlier than thiopu-
rines. The only head-to-head study comparing methotrexate 
with azathioprine was not suffi ciently powered to address the 
question of rapidity of onset of action, but there was a sug-
gestion that methotrexate may provide clinical benefi t earlier 
than thiopurines [ 46 ].  

    What Is the Effectiveness 
of Methotrexate in UC? 

 A relevant proportion of UC will require the use of immuno-
suppressants during the course of the disease. Unfortunately, 
up to one-third of patients do not respond to thiopurines and 
a further 15 % are unable to tolerate these agents. 
Methotrexate is an established alternative to thiopurines in 
the management of Crohn’s disease. However, prospective 
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studies evaluating the effectiveness of methotrexate in UC 
patients are scarce, especially in a dose range demonstrated 
to be effective in the treatment of Crohn’s disease. The fi rst 
retrospective case series assessing the effectiveness of meth-
otrexate in UC was published by Kozakek et al. [ 51 ]. The 
authors observed that fi ve of seven patients treated with 
methotrexate, 25 mg intramuscularly on a weekly basis, 
achieved remission. The same group later described a cohort 
that comprised 30 patients with steroid-refractory UC and 
70 % response rate after 12 weeks of 25 mg intramuscularly/
week and a long-term response of 40 % on oral methotrexate 
at a dose 7.5–15 mg/week. 

 The initial clinical observations, along with the signifi -
cant therapeutic effectiveness of methotrexate in patients 
with Crohn’s disease, led to the fi rst and only prospective, 
placebo-controlled trial investigating the effi cacy of oral 
methotrexate therapy for the induction and maintenance of 
remission in patients with UC [ 52 ]. This trial was performed 
by Oren et al. and included patients with at least moderately 
active UC who were randomized to receive either methotrex-
ate at a dose of 12.5 mg per week orally (i.e., probably sub- 
therapeutic) or placebo for 9 months. Thirty-seven patients 
received placebo and 30 received methotrexate. There were 
no signifi cant differences among the groups with regard to 
the primary outcomes, monthly steroid use or clinical Mayo 
score, or the sigmoidoscopy scores for infl ammation. 
Interestingly, dropout rates were four times higher among 
placebo-treated patients than in the methotrexate-treated 
patients. This could refl ect partial improvement benefi t with 
methotrexate [ 52 ]. In conclusion, methotrexate administered 
orally did not prove to be more effective in inducing and 
maintaining remission than placebo. 

 Three prospective open-label studies have investigated 
the effectiveness of methotrexate compared to mercaptopu-
rine or 5-aminosalicylates. The one performed by Mate et al. 
included UC patients with at least moderately active UC who 
were randomized to either one of the following therapeutic 
regimens: mercaptopurine 1.5 mg/kg/day, oral methotrexate 
15 mg/week, or 5-ASA 3 g/day [ 53 ]. The remission rates 
after 30 weeks of therapy were 78.6 %, 58 %, and 25 %, 
respectively. Patients who had achieved remission on their 
respective drug regimen were continued on them in a 106- 
week follow-up study. At this time point, only one of seven 
patients on methotrexate maintained remission compared to 
7 of 11 in the mercaptopurine group. Although this study 
failed to show the benefi t of methotrexate in UC, it has been 
criticized for its poor methodological quality. 

 Egan et al. compared the effectiveness of two different 
doses of parenteral methotrexate [ 54 ]. Sixteen Crohn’s 
disease and 14 UC patients were included, and the authors 
did not provide a breakdown of results by diagnosis. After 
16 weeks, a total of 17 % (3/18 in the 15-mg group and 
2/12 in the 25-mg group) achieved remission. Paoluzi et al. 

report the results of short- and long-term methotrexate 
therapy (12.5 mg/week intramuscularly) in ten steroid-
dependent UC patients who were intolerant or resistant to 
thiopurines. After 6 months, all ten patients were in clini-
cal remission [ 55 ]. 

 Several retrospective series have also been published [ 51 , 
 56 – 59 ], comprising a limited number of patients. Most had 
failed or been intolerant to AZA and were treated with meth-
otrexate at various dosages and routes of administration. The 
response or remission rates ranged from 40 to 75 %, suggest-
ing that some patients with UC may respond well to metho-
trexate. One study distinguished between patients given 
methotrexate for azathioprine intolerance and azathioprine 
failure [ 59 ]. Methotrexate (median oral dose 20 mg/week) 
was tolerated by 27 of 31 (87 %) patients who had been 
unable to tolerate azathioprine. Of those treated with metho-
trexate after failure with azathioprine, 5 of 11 patients had a 
colectomy vs. 5 of 31 patients who were intolerant of aza-
thioprine ( p  < 0.05) [ 59 ]. The results are heterogeneous and it 
is possible that the dose and the route of administration of 
methotrexate are important determinants of effi cacy. 

 Currently, there are no published prospective, placebo- 
controlled data regarding the clinical value of parenteral 
methotrexate in patients with UC in a dose range demon-
strated to be effective in the treatment of Crohn’s disease. In 
this respect, two clinical trials to assess the effi cacy of meth-
otrexate in UC are under way. An investigator-initiated trial 
in France, “Comparison of methotrexate vs. placebo in 
steroid- refractory ulcerative colitis (METEOR),” is currently 
assessing the effi cacy of 25 mg methotrexate/week adminis-
tered subcutaneously compared to placebo in inducing clini-
cal remission (ClinicalTrials.gov Identifi er: NCT00498589). 
The “Randomized, double-blind, prospective trial investigat-
ing the effi cacy of methotrexate in induction and mainte-
nance of steroid-free remission in ulcerative colitis 
(MERIT-UC)” is the second study which is also hopefully 
going to answer the question of the usefulness of methotrex-
ate in UC (ClinicalTrials.gov Identifi er: NCT01393405). 

 In summary, when viewed in its totality, data from uncon-
trolled studies regarding the effectiveness of methotrexate 
in UC suggest that, if it is given at a similar dosage (25 mg/
week) and in a similar manner (intramuscular or subcutane-
ous) as in CD, it may be a clinically useful therapy for 
steroid- dependant UC patients, including patients who did 
not tolerate or did not respond to thiopurines. However, 
there is currently insuffi cient evidence to recommend meth-
otrexate for UC.  

    How Is the Safety Profi le of Methotrexate? 

 The most commonly observed adverse events related to 
methotrexate therapy are associated with the gastrointestinal 
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tract, including nausea, anorexia, and less often stomatitis or 
diarrhea [ 47 ]. Nausea can usually be minimized by changing 
the time of dosing (before bedtime), ensuring adequate 
intake of folic acid and, if needed, adding antiemetic around 
the time of the weekly dose [ 47 ]. 

 More serious adverse events include hepatotoxicity, bone 
marrow suppression, and, rarely, hypersensitivity pneumoni-
tis and opportunistic infections. Elevation of liver functions 
tests is relatively frequent in patients on methotrexate ther-
apy. However, the development of hepatic fi brosis, which is 
believed to be related to intrahepatic accumulation of metho-
trexate metabolites, is a rare event [ 47 ,  60 ,  61 ]. Alcohol con-
sumption, diabetes mellitus, obesity, and viral hepatitis can 
increase the risk of developing hepatotoxicity [ 4 ]. In patients 
with psoriasis, liver toxicity related to methotrexate is fre-
quently seen: nearly a quarter of patients had either active 
hepatitis or cirrhosis on follow-up liver biopsy after more 
than 3.4 years of treatment [ 62 ]. However, the incidence of 
hepatotoxicity from methotrexate in patients with IBD is 
thought to be signifi cantly lower than in psoriasis [ 63 ]. 

 Hypersensitivity pneumonitis has been reported in about 
1 % of patients, and risk factors include advanced age, diabe-
tes, and rheumatoid lung disease [ 62 ,  64 ]. Rare    cases have 
been reported in patients with IBD [ 51 ,  65 ]. Pretreatment 
chest X-ray or pulmonary function tests are not routinely 
ordered, but a high clinical suspicion is essential if pulmo-
nary symptoms begin during treatment. 

 Methotrexate is a known teratogen and a known abortifa-
cient and thus is contraindicated during pregnancy. In addi-
tion, methotrexate may be toxic to sperm [ 66 ,  67 ]. For these 
reasons, it has been recommended to stop methotrexate at 
least 3 months before planned pregnancy in both men and 
women and not to use methotrexate during pregnancy or 
breast-feeding. 

 Once treatment with methotrexate has started, laboratory 
controls should be performed to evaluate for pancytopenia 
and hepatotoxicity. Pancytopenia is uncommon and there 
have not been severe episodes in studies with methotrexate 
[ 50 ,  68 ]. Nevertheless, this complication has been reported 
and can be life threatening [ 69 ]. A full blood count and a 
liver test should be obtained monthly for the fi rst 2 months 
and every 2–3 months for the duration of the therapy.   

    Conclusions 

 Azathioprine and mercaptopurine are effective in maintain-
ing remission in UC, at least as effective as for Crohn’s dis-
ease. The effi cacy of thiopurines in UC patients remains in 
long-term treatment, and withdrawal of the drug in patients 
who were in remission is associated with a high risk of 
relapse. Therefore, in the same sense as in transplanted 
patients, thiopurine therapy should probably be indefi nitely 

maintained once remission is reached in IBD patients. With 
respect to methotrexate, there is currently insuffi cient 
 evidence to recommend its use for UC.     
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        Introduction (Box 12.1) 

 Ulcerative colitis (UC) and Crohn’s disease are chronic relapsing 
idiopathic infl ammatory bowel disorders affecting over 1.7 
million individuals in North America; about half have unremit-
ting disease with symptoms of abdominal pain and diarrhea 
that impact patient’s quality of life and work- related produc-
tivity [ 1 ,  2 ]. It stands to reason that the major goal of therapy for 
physicians caring for patients with infl ammatory bowel disease 
(IBD) is to achieve and sustain a long- term disease remission 
with effective evidence-based corticosteroid-sparing therapeu-
tic approaches that minimize the risk of drug-related toxicity. 

 Although 6-mercaptopurine (6-MP) and its prodrug aza-
thioprine (AZA) have proven effi cacy in the treatment of 
UC, the interpretation of clinical studies is often complicated 
by the heterogeneous nature of this bowel disorder [ 3 ] and 
the inter-investigator variability in the therapeutic end points 
used in monitoring clinical responsiveness to treatment. 
Over the last half century, a number of scoring systems have 
been developed to measure disease activity in patients with 
UC [ 4 ]. Most of these systems are based on a combination of 
clinical symptoms and endoscopic fi ndings that are diffi cult 
to validate because of the myriad of symptoms overlapping 
with disease behavior [ 5 ]. Furthermore, the importance of 
tissue healing has become clinically relevant in light of 
recent reports correlating disease activity with a patient’s 

overall risk of disease relapse and colorectal cancer [ 6 ]. 
Indeed, mucosal healing has now become an important pre-
dictor of clinical outcome, to the extent that all future- 
controlled clinical trials must now establish stringent primary 
end points of disease remission to include tissue healing in 
assessing treatment effi cacy [ 4 ]. 

 With the advent of pharmacogenomics and 6-MP metabo-
lite monitoring in clinical practice, gastroenterologists have 
also found discordance between antimetabolite levels and 
their own assessment of disease activity [ 7 – 9 ]. The recent 
purported mucosal healing effect on AZA therapy in patients 
with UC [ 10 ] may require that clinicians redefi ne the thera-
peutic window of treatment effi cacy based on the measure-
ment of these antimetabolite levels. This review focuses on 
the role of antimetabolite therapy in sustaining long-term 
remission in patients with UC, as well as providing a guide 
on how to apply pharmacogenomics and metabolite monitor-
ing in clinical practice based on a review of the literature.  

    Pharmacogenetics of 6-Mercaptopurine 

 Pharmacogenomics deals with the infl uence of genetic varia-
tion on drug response by correlating gene expression with a 
drug’s effi cacy or toxicity. Although the terms pharmacoge-
nomics and pharmacogenetics tend to be used interchange-
ably, pharmacogenetics is generally regarded as the study or 
clinical testing of genetic variation that gives rise to differing 
responses to drugs, as it applies to either a single or at most 
a few gene polymorphisms. 

 Over the last 20 years, much has been learned about the 
pharmacogenetics of AZA and 6-MP metabolism in the clin-
ical management of patients with leukemia and in 
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IBD. Although most of our understanding has focused on the 
polymorphisms of thiopurine methyltransferase (TPMT) 
enzyme activity, recent studies have now also introduced 
potential polymorphisms in intracellular antimetabolite 
transport that infl uences clinical response despite presumed 
therapeutic drug dosing and metabolite levels [ 11 ]. 

 Once absorbed into the plasma, AZA is rapidly converted 
to 6-MP by a nonenzymatic reaction. 6-MP is then taken up 
by a variety of actively replicating cells and tissues, including 
erythrocytes, T- and B-cell lymphocytes, as well as the bone 
marrow. The uptake of 6-MP is believed to be a rapid process. 
Once inside the cell, the metabolism of 6-MP occurs intracel-
lularly along the competing routes catalyzed by hypoxanthine 
phosphoribosyltransferase and thiopurine S-methyltransferase 
(TPMT), giving rise to 6-thioguanine nucleotides (6-TGn) 
and 6-methyl-mercaptopurine (6-MMP), respectively 
(Fig.  12.1 ) [ 12 ]. 6-TGN is the active ribonucleotide of 6-MP 
that functions as a purine antagonist inducing lymphocyto-
toxicity and immunosuppression [ 13 – 15 ].

   An apparent genetic polymorphism has been observed in 
TPMT activity in both the Caucasian and African-American 
population. Negligible activity is noted in 0.3 % of individu-
als and low levels (<5 U/mL of blood) in 11 % of individuals. 
TPMT enzyme defi ciency is inherited as an autosomal reces-
sive trait, and to date, 10 mutant alleles and several silent and 
intronic mutations have been described. In patients with the 
heterozygous TPMT genotype, 6-MP metabolism is shunted 
preferentially into the production of 6-TG nucleotides. 
Although 6-TG nucleotides are thought to be lymphocyto-
toxic and benefi cial in the treatment of patients with leuke-
mia and lymphoma, patients with low (<5) TPMT activity 
are at risk for bone marrow suppression by achieving poten-
tially toxic erythrocyte 6-TGN levels on standard doses of 
6-MP [ 16 ]. Despite low TPMT enzyme activity levels, pre-
sumed therapeutic erythrocyte 6-TGN metabolite levels can 
still be achieved without untoward cytotoxicity by lowering 
the dose of 6-MP 10- to 15-fold [ 17 ]. 

 6-TGNs are active ribonucleotides that collectively func-
tion as purine antagonists, incorporating into DNA, thereby 

interfering with the ribonucleotide replication. Recent 
 studies have also shown that one of these 6-TGN ribonucleo-
tides, 6-TGTP, induces the apoptosis of both peripheral 
blood and intestinal lamina propria T-cell lymphocytes 
through the inhibition of Rac1, a GTPase that inhibits apop-
tosis. The specifi c blockade of CD28-dependent Rac1 activa-
tion by 6-TGTP is the proposed molecular target of 6-MP 
and its prodrug AZA (Fig.  12.1 ) [ 18 ]. 

 The intracellular buildup of this specifi c 6-TGN metabolite 
may also be dependent on others, as yet undefi ned inherent 
genetic polymorphisms. Our recent studies have also proposed 
that there may also exist pharmacogenetic differences in the 
intracellular transport of 6-MP in peripheral blood lympho-
cytes that could potentially affect responsiveness to antime-
tabolite therapy. Our studies have shown an inherent variability 
in the transport of 6-MP in immortalized lymphocytes derived 
from patients with IBD. In these studies, seven inward and 
eight outward transporters were tested. One patient demon-
strated the least amount of intracellular transport of 6-MP that 
correlated with the lowest susceptibility to 6-MP cytotoxicity. 
In this particular patient, multiple inward transporters, includ-
ing the concentrative nucleoside transporters CNT-1, CNT-3, 
and the equilibrative nucleoside transporters ENT-3 and 
ENT-4 were notably low in expression. In comparison, a 
second patient exhibited robust 6-MP transport, an increased 
susceptibility to 6-MP cytotoxicity, and an increased expres-
sion of all infl ux transporters (except CNT-1), and equilibra-
tive transporter ENT-4. Although no single transporter was 
either under- or overexpressed to explain these patterns of 
6-MP transport, a correlation was shown between intracellular 
drug levels and the in vitro susceptibility to 6-MP-induced 
cytotoxicity. Interestingly, these differences were independent 
of 6-MP dose or erythrocyte 6-MP metabolite levels that were 
monitored clinically. Ongoing studies will also attempt to 
correlate these differences in drug transport with clinical 
responsiveness to antimetabolite therapy and drug metabolite 
levels. Identifi cation of such transporters prior to initiating 
therapy may allow physicians to tailor therapy more effec-
tively in patients with steroid-dependent IBD [ 11 ].  

  Fig. 12.1    Azathioprine (AZA) 
metabolism.  XO  xanthine 
oxidase,  6-TU  6-thiouric acid, 
and  6-TIMP  6-thioinosine 
monophosphate       
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    Clinical Application of Metabolite Testing 

 In patients with UC, the aim is to optimize antimetabolite 
therapy early in the course of the disease in order to mini-
mize the overall risk for disease progression. The factor with 
the most signifi cant direct correlation with disease progres-
sion is severity of colitis early in the course of the illness [ 5 ]. 
In a large population-based cohort study, patients with severe 
active UC were 14.8 times more likely to have disease pro-
gression compared to patients without severe colitis. Patients 
with left-sided colitis at diagnosis are 2.5 times more likely 
to progress to extensive colitis than patients with isolated 
proctitis progressing to either extensive colitis or left-sided 
disease [ 19 ]. Although disease progression can occur in 
patients of all age groups, most children will present clini-
cally with extensive colitis at diagnosis, while those children 
presenting with either proctosigmoiditis or left-sided disease 
will rapidly progress to pancolitis within 6 years of the diag-
nosis [ 20 ]. In general, pediatricians regard ulcerative colitis 
as a rapidly progressive disease in children, with an associ-
ated increased likelihood of requiring proctocolectomy. The 
rapid induction and maintenance of disease remission remain 
the primary goal therapy in patients with UC. Using a 
Markov model, there is an 80–90 % probability that a patient 
with clinically inactive disease would remain in remission 
for a year, with a 20 % chance of relapse in the following 
year. By contrast, data from patients with clinically active 
disease demonstrate a 70 % probability of having a relapse 
during the year following diagnosis [ 21 ]. The same results 
were shown within the post hoc analysis of the combined 
ACT I and ACT II data among the infl iximab-treated patients. 
Interestingly, mucosal healing was the primary end point of 
long-term remission in those studies [ 22 ]. The importance of 
tissue healing was also underscored by Froslie and cowork-
ers. In that study, patients with UC that achieved tissue heal-
ing at 1 year were less likely to require colectomy in the 
subsequent 5-year follow-up period [ 23 ]. 

 Although 6-MP and AZA have clinical effi cacy in main-
taining disease remission in patients with UC, the wide 
therapeutic dosing range used in clinical practice today 
would suggest that pharmacokinetic differences in drug 
metabolism may also infl uence responsiveness to therapy. 
Moreover, a true separation between immunosuppression 
and cytotoxicity has yet to be defi ned since the dosing of 
6-MP and azathioprine has been based largely on clinical 
outcome. Indeed, the wide range in azathioprine dose used 
in clinical practice would suggest that a safe and estab-
lished therapeutic dose has yet to be determined. The situa-
tion is further complicated with recent evidence that would 
suggest that mucosal healing of the affected bowel 
decreases the risk of disease relapse and progression. 

Conventional dosing strategies must now be redefi ned 
based on these new end points of clinical remission that 
includes mucosal healing. Nevertheless, immunosuppres-
sion is not without its risk. The clinician must always 
remain aware of potential adverse effects, including aller-
gic reactions, hepatitis, pancreatitis, bone marrow suppres-
sion, and lymphoma while attempting to achieve an optimal 
therapeutic response irrespective on how the physician 
chooses to defi ne it clinically [ 24 ,  25 ]. 

 The measurement of erythrocyte 6-TG and 6-MMP 
metabolite levels by means of high-pressure liquid chroma-
tography (HPLC) has now become a useful clinical tool for 
documenting patients’ compliance to therapy. In our pre-
liminary study, erythrocyte 6-TG metabolite levels showed 
a strong inverse correlation with disease activity, where the 
lack of clinical response was clearly associated with low 
(<50) erythrocyte 6-TGN metabolite levels. To date, a 
number of studies in both the pediatric and adult literature 
have supported the notion of therapeutic drug monitoring in 
patients with IBD. However, a uniform consensus has 
not yet been reached on account of the absence of well- 
controlled clinical trials (Table  12.1 ) [ 7 – 9 ,  26 – 29 ]. Although 
a meta-analysis by Osterman and colleagues has shown that 
higher metabolite levels correlated with a more favorable 
clinical response, no clearly defi ned therapeutic window of 
effi cacy and toxicity has been established based on 6-MP 
metabolite levels [ 30 ]. Since mucosal healing has now 
become the salient end point for clinical remission, metabo-
lite testing should now be considered just as a guide to ther-
apy. The notion of using the existing threshold 6-TGN 
metabolite levels would seem antiquated. At present, the 
existing technology should only be used in identifying phar-
macogenomic differences in drug metabolism, monitoring 
patient compliance with antimetabolite therapy, and 
 avoiding excessive immunosuppression in patient with 
recalcitrant disease, high (>400) 6-TGN levels, and normal 
white blood cell counts.

   Table 12.1    Clinical responsiveness to 6-MP and AZA therapy based 
on threshold (235–250 a ) erythrocyte 6-TGN metabolite levels   

 Study 
 Patients 
(response) 

 6-TGN response 
threshold 

 Odds ratio  Above  Below 

 Dubinsky [ 26 ]   92 (30)  0.78  0.40  5.0 
 Gupta [ 27 ]  101 (47)  0.56  0.43  1.7 
 Belaiche [ 28 ]   28 (19)  0.75  0.65  1.6 
 Cuffari [ 7 ]   82 (47)  0.86  0.35  11.6 
 Achkar [ 8 ]   60 (24)  0.51  0.22  3.8 
 Lowry [ 9 ]  170 (114)  0.64  0.68  0.9 
 Goldenberg [ 29 ]   74 (14)  0.24  0.18  1.5 

   a pmoles/8 × 10 8  RBCs  
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       TPMT Testing 

    Low and Intermediate (<5 U/mL Blood) TPMT 

 Eleven percent of the population is considered heterozygous 
carriers of the TPMT-defi cient allele and potentially at risk 
for drug-induced leukopenia. In the patient who is homozy-
gous recessive with absent TPMT enzyme activity, there is 
the added risk of severe, irreversible bone marrow suppres-
sion. Since then, there have been a number of similar cases 
of irreversible bone marrow suppression both in patients 
with IBD on maintenance azathioprine therapy and in 
patients with leukemia on standard doses of 6-MP. It remains 
the author’s opinion that these patients should not be consid-
ered candidates for antimetabolite therapy. 

 A number of secondary malignancies, including acute 
myelogenous leukemia and brain tumors, have been insinu-
ated to be related to the use of maintenance 6-MP therapy in 
patients with leukemia and the heterozygous TPMT geno-
type. Although 6-TG and 6-MMP metabolites were not mea-
sured in these patients, it may be assumed that these patients 
were potentially exposed to high-maintenance 6-TG metabo-
lite levels despite presumed therapeutic 6-MP dosing and 
were thus overly immunosuppressed. 

 In IBD, Black and coworkers showed that patients with 
Crohn’s disease and a “mutant” TPMT allele also incurred 
signifi cant drug-induced leukopenia on standard doses of 
azathioprine therapy and were compelled to discontinue 
treatment. In contrast, patients with the wild-type allele 
achieved a good clinical response while on azathioprine ther-
apy without untoward cytotoxicity [ 31 ]. This study and oth-
ers would suggest that all patients with the heterozygous 
allele are at an increased risk for drug toxicity and should not 
be prescribed azathioprine or 6-MP therapy. However, this 
would exclude 11 % of the population who could potentially 
benefi t from 6-MP therapy. It has been shown in prospective 
open-label clinical trials that by identifying these patients 
prior to initiating AZA therapy and adopting a moderate dos-
ing strategy (6-MP, 0.5–1 mg/kg/day; AZA, 1–1.5 mg/kg/
day), most patients may achieve a favorable clinical response 
while avoiding potential bone marrow suppression. It 
remains the author’s opinion that these patients be monitored 
carefully with serial CBCs.  

    High (>16 U/mL Blood) TPMT 

 The genetic polymorphism in TPMT activity observed in the 
general population may also have far-reaching implications 
regarding patient responsiveness to therapy and clinical 
response time. Twenty percent of the population is consid-
ered to be rapid (>16) metabolizers of 6-MP and AZA and in 

theory would require larger than the standard doses of drug 
in order to achieve any therapeutic drug benefi t [ 21 ]. In these 
patients, 6-MP metabolism is shunted away from 6-TGN 
production and into the formation of 6-MMP (Fig.  12.1 ). In 
patients with leukemia, high TPMT activity is associated 
with an increased risk for disease recurrence [ 17 ]. 

 In a prospective open-label study in adults, just 20 % of 
patients with either UC or Crohn’s disease and erythrocyte 
TPMT levels >16 U/mL of blood responded to AZA therapy 
despite therapeutic drug dosing (2 mg/kg/day). In compari-
son, 30 % of patients with TPMT levels between 12 and 
16 U/mL blood responded to therapy. These were also more 
likely to require higher dosages (2 mg/kg/day) of AZA from 
the outset in order to optimize their erythrocyte 6-TGN 
metabolite levels [ 21 ]. 

 In comparison, patients with TPMT activity levels ≤12 U/
mL blood achieved high (>250) mean erythrocyte 6-TG lev-
els after 16 weeks of induction AZA. This occurred even 
though both groups received a similar dosage of AZA. In this 
patient population, 69 % of patients achieved a favorable 
clinical response with presumed therapeutic erythrocyte 
6-TGN metabolite levels after 4 months of continuous AZA 
therapy [ 21 ]. 

 High hepatic TPMT activity may draw most of the 6-MP 
from the plasma, thereby limiting the amount of substrate 
available for the bone marrow and peripheral leukocytes. 
This concept of rapid AZA metabolism interfering with ther-
apeutic response could explain the low response rate in a 
controlled clinical trial in Crohn’s disease that compared 
high-dose oral (2 mg/kg/day) azathioprine therapy with and 
without initiating a short course of high-dose intravenous 
(1.6 g/36 h infusion) AZA therapy. That study was confi ned 
to individuals with upper normal or high levels of TPMT 
enzyme activity so that the intravenous azathioprine treat-
ment group could be studied safely. Even at 2 mg/kg/day of 
oral azathioprine therapy, only 20 % of these rapid metabo-
lizers in both groups achieved clinical remission, a clinical 
response that is lower than that reported in most consecutive 
patient publications [ 32 ]. 

 Furthermore, high (>15) erythrocyte TPMT levels may 
also explain the rather low clinical response noted in the 
AZA treatment arm of the SONIC trials. In that study, despite 
optimized induction dosages (2.5 mg/kg/day) of AZA, just 
30 % of patients responded to therapy [ 33 ], a clinical 
response that is lower than what has been generally con-
cluded from the Cochrane meta-analyses of AZA therapy in 
treating patients with IBD [ 34 ].  

    Clinical Application of TPMT Testing 

 Most physicians will monitor CBC and serum aminotrans-
ferases monthly during the fi rst 3 months of initiating 
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t herapy. Although TPMT measurement has been shown to 
predict leukopenia in up to 20 % of patients, TPMT monitor-
ing may be used clinically to increase the level of physician 
comfort in prescribing antimetabolite therapy, in general, 
and in minimizing the perceived need for monitoring CBC, 
and for dose titration, all of which may increase clinical 
response time. 

 For example, knowing the TPMT status in a patient may 
aid the physician in utilizing a variable AZA dosing strategy 
in patients with IBD. Patients with absent TPMT should not 
receive AZA therapy. Those with very low (<5) TPMT 
activity can be effectively treated with 1.0–1.5 mg/kg/day of 
AZA while monitoring CBC and erythrocyte 6-TG levels. 
Patients with TPMT activity between 5 and 12 U/mL blood 
have an increased likelihood of responding to a more mod-
erate dosing strategy, such as 1.5–2.0 mg/kg/day. In patients 
with above average (>12) TPMT activity, AZA therapy may 
have to be started at 2.0 mg/kg/day in order to achieve a 
favorable clinical response. However, higher dosages, such 
as 2.5 mg/kg/day, may be needed for those with very high 
(>16) TPMT enzyme activity. Physicians must be cognizant 
of the potential refractoriness to antimetabolite therapy 
among those patients with high TPMT enzyme activity 
despite presumed therapeutic drug dosing. It remains the 
author’s opinion that although empiric drug dosing remains 
an acceptable standard of care based on TPMT genetic poly-
morphisms, the clinician must be sensitive to potential phe-
notypic differences in TPMT activity that may infl uence 
responsiveness and or toxicity to antimetabolite therapy. 
Among those patients with either recalcitrant disease or 
drug-induced toxicity, the measurement of erythrocyte 
6-MP metabolites may facilitate a more cogent clinician 
response to therapy (Textbox).  

 While TPMT testing may guide the physician’s initial 
dosing practices, metabolite testing will allow them to clini-
cally respond to patient’s refractoriness to therapy despite 
presumed therapeutic dosing (Table  12.2 ). Patients that are 
clearly noncompliant (Group A) with low metabolite (6TGN, 
6-MMP) levels should be educated and have the need for 
improved adherence to the therapy reinforced. Patients that 
are nonresponding and clearly sub-therapeutic (Group B) 
should have their dose of AZA titrated to improve overall 
clinical response. Previous studies have shown this approach 
to be highly effective in improving overall clinical response 
while avoiding unnecessary toxicity. In a study of 25 adult 
patients refractory to AZA and low (<250) erythrocyte 
6-TGN metabolite levels, 18 were pushed into clinical remis-
sion by having their dose of AZA increased by 25 mg/day 
[ 21 ]. Among patients that are deemed rapid metabolizer 
(Group C), the possibility of changing the pharmacokinetics 
through the addition of allopurinol may be considered. 
However, the physician will need to be aware of the potential 
risk of toxicity [ 35 ]. It remains the author’s opinion that this 

 Box 12.1: Key Summary 

     1.    Measure TPMT genotype/phenotype prior to initi-
ating anti-metabolite therapy;   

   2.    TPMT: 
     (a)    homozygous recessive—consider an alternate 

therapy;   
   (b)    heterozygous—consider 1.0–1.5 mg/kg/day of 

AZA;   
   (c)    homozygous dominant—consider 2.0–2.5 mg/

kg/day of AZA;       
   3.    Follow CBC q2weeks ×2, then q4weeks ×2, then 

with each follow-up;   
   4.    If after 2 months patient remains either steroid 

dependent or has a disease exacerbation, check 
6-TGn/6MMP metabolites (please see Table 12.2);   

   5.    Toxicity:  
     (a)    Pancreatitis—discontinue anti-metabolite ther-

apy (idiosyncratic reaction to anti-metabolites);   
   (b)    Hepatitis (ALT>3×N)—if 6-MMP/6-TGn 

ratio > 1/50 lower dose of AZA by 25 mg/day 
and repeat ALT in 2 weeks;   

   (c)    Leukopenia: high 6-TGn (>250)—consider 
lowering dose of AZA by 25 mg/day and repeat 
WBC in 2 weeks.         

  Disclaimer: This is a suggestion by the author and has 
not been assessed in prospective randomized placebo- 
controlled trials.  

(continued)

   Table 12.2    Metabolite profi les, clinical impression, and therapeutic 
decision   

 Group A  Absent/very low (<50)  Nonadherence  Patient 
education 

 6-TGN absent 6-MMP 
 Group B  Low (<250) 6-TGN  Sub-therapeutic 

dose 
 Dose titration 

 Low (<2,500) 6-MMP 
 Group C  Low (<250) 6-TGN  Rapid 

metabolizer 
 Switch 
therapy vs 
allopurinol 

 High (>5,700) 6-MMP 
 Group D  High (>400) 6-TGN  Thiopurine 

resistant 
 Switch 
therapy 

 High (>5,700) 6-MMP 
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therapeutic approach be restricted to tertiary care centers 
experienced with this approach and accessible to metabolite 
monitoring. Lastly, those patients clearly refractory to AZA 
despite therapeutic drug dosing should be considered for 
alternative therapies (Group D).

       Combination Therapy 

 It has been the practice in many institutions, including our 
own, to initiate maintenance anti-TNF-α therapy in patients 
that have shown clear refractoriness to either long-term 
6-MP or AZA therapy. All of the studies, including ACCENT, 
CHARM, and PRECISE, did not show a therapeutic benefi t 
with combination therapy (anti-TNF-α with antimetabolite) 
to just anti-TNF-α therapy alone in maintaining disease 
remission in patients with moderate to severe Crohn’s dis-
ease. In comparison, the SONIC study focused its attention 
on patients who were naïve to anti-TNF-α therapies and 
either naïve or had stopped (>3 months) AZA therapy prior 
to recruitment. In that study, combination therapy was shown 
to be superior to either infl iximab or AZA monotherapy [ 33 ]. 

 A similarly designed study was recently presented in 
abstract form in patients with moderate to severe UC. In that 
16-week study, 40 % of patients on combination therapy 
achieved a steroid-free remission, signifi cantly higher than 
those patients on monotherapy alone (22 % infl iximab; 24 % 
AZA). Both the combination and the infl iximab-only treat-
ment arms were superior to AZA monotherapy in overall 
clinical response and mucosal healing [ 36 ]. 

 The purported benefi t of combination therapy in SONIC 
and the above-referenced study in patients with moderate to 
severe UC is balanced with the increasing concern of hepatic 
T-cell lymphoma among young (<18 years) patients on com-
bination therapy. This concern has led many physicians to 
consider discontinuing either 6-MP or AZA with the intro-
duction of biological therapy despite the potential for reduc-
ing antibody to infl iximab formation. Although all anti-TNF-α 
have antigenic properties, thereby rendering patients suscep-
tible to antibody formation, those patients on infl iximab are 
most vulnerable. The concurrent use of immunosuppressive 
therapy has in the past been shown by Rutgeerts and cowork-
ers to maintain a favorable clinical response to maintenance 
infl iximab therapy, presumably due to the prevention of anti-
body formation. In that study, 75 % (12/16) of patients on 
concurrent 6-mercaptopurine maintained a favorable clinical 
response compared to 50 % (9/18) on no concurrent immuno-
suppressive therapy [ 37 ]. In the ACCENT 1 study, only 18 % 
of the patients on neither concurrent prednisone nor immuno-
suppressive drug therapy developed antibody to infl iximab 
compared to just 10 % of patients on concurrent azathioprine 
or methotrexate therapy [ 38 ]. 

 In a previously presented study of adult patients with IBD 
on combination therapy, high 6-TGN levels associated with 
an improved clinical responsiveness to maintenance anti- 
TNF therapy. In that study, patients in remission had higher 
(>300) median erythrocyte 6-TGN metabolite levels com-
pared to patients (<100) with either a partial clinical response 
or ongoing corticosteroid dependency. Interestingly, patients 
with anti-TNF-associated side effects (SE) also had low 
(<100) median 6-TGN levels [ 39 ]. Although the concurrent 
use of either AZA or 6-MP may allow for a more protracted 
clinical response, the precise mechanism of action is unclear. 
Whether this purported benefi t would justify the increased 
risk of hepatic T-cell lymphoma is debatable, especially 
since adalimumab and certolizumab pegol    have proven effi -
cacy of salvaging patients refractory to infl iximab. 
Unfortunately, TPMT and 6-MP metabolite levels have 
shown no correlation with the 36 reported cases to date of 
hepatic T-cell lymphoma [ 40 ].   

    Conclusions 

 6-MP and AZA have proven effi cacy in the maintenance of 
disease remission in patients with IBD. The application of 
pharmacogenetics and metabolite testing in clinical practice 
may improve the overall clinical response to antimetabolite 
therapy and reduce the risk of antimetabolite-induced side 
effects. The careful monitoring of complete blood counts and 
erythrocyte 6-TG metabolite levels is indicated in patients 
with either low (<5) or above average (>16) TPMT levels, 
and it remains the authors’ opinion that relying on either total 
leukocyte counts or mean corpuscular volume as the sole 
measure of dosing adequacy should be used with caution.     
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        Introduction 

 Ulcerative colitis (UC) is an idiopathic infl ammatory disorder 
of unknown etiology that affects the mucosa and the submu-
cosa of the colon. The infl amed epithelium extends continu-
ously from the rectum and involves part or all (pancolitis) of 
the colon. Symptomatically, patients exhibit increased, 
bloody, bowel movements with fecal urgency, diarrhea, 
abdominal cramping, abdominal pain, hematochezia, and 
fever. These characteristics can have a gradual or an acute 
onset with variable durations of fl are and remission. 
Population cohort studies have shown that during the lifetime 
of their disease, 10–40 % of patients with ulcerative colitis 
will ultimately require a colectomy [ 1 – 3 ].  

    Epidemiology 

 Increasing in incidence and prevalence across the globe, UC 
is stratifi ed based on geographic location. Incidence averages 
are now 6.3 (Asia and the Middle East), 19.2 (North America), 
and 24.3 (Europe) cases per 100,000. Further, UC incidence 
is higher in men, peaks between the ages of 30 and 40 years, 
and, although data is scarce, appears to be rising within devel-
oping nations signifying its emergence as a truly global dis-
ease [ 4 ]. UC’s prevalence averages between 249 and 505 
cases per 100,000 with a large majority occurring in industri-
alized, northern latitudes of North America and Europe [ 4 ,  5 ]. 
A genetic component exists in UC where fi rst- degree rela-
tives of UC patients increase their risk of harboring the same 
disease process by 10- to 15-fold [ 6 ]. Genome-wide associa-
tion and candidate gene studies have identifi ed over 163 
infl ammatory bowel disease (IBD)-related loci with 23 genes 
specifi c for UC and 30 specifi c for Crohn’s disease (CD) 
using meta-analysis. As expected, candidate genes synchro-
nize with interleukin expression as well as the JAK-STAT 
infl ammatory pathway and the interferon regulatory family. 
Further, considerable overlap exists with other immune-
related disease states including psoriasis, ankylosing spondy-
litis, and mycobacterial infection [ 7 ,  8 ].  

    Immune Response 

 Ulcerative colitis is a result of innate and acquired autoim-
munologic responses and a possible loss of tolerance to the 
bacteria of the gut. Innate responses by resident macrophages 
and neutrophils are increased and activated within the lining 
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of the gut of UC patients. This activation releases cytokines 
such as IL-1 and IL-2 resulting in an infl ammatory microen-
vironment. Secondary to the cytokine response, monocytes 
and more granulocytes extravasate into the gut lining adding 
to the proinfl ammatory niche of UC [ 9 ]. In addition to the 
local macrophages within the lamina propria of the gut, resi-
dent dendritic cells are present within immunologic Peyer’s 
patches. After infl ammatory signals from an autoimmune 
reaction to local antigen or normal enteric bacteria, the dendritic 
cells activate and stimulate T cells. The stimulation of T cells 
occurs by direct co-stimulatory binding of CD40, CD80, or 
CTLA4 (among others) and by release of IL-5 and IL-13 
(among others) [ 10 ]. Upon activation, effector and regulatory 
T cells migrate to the gut and produce more of an atypical TH2 
response but with the addition of some TH1 cytotoxicity. 
Successively, populations of B cells increase in this TH2 
response, and plasma cells begin to release IgG1, IgG4, and 
IgE antibodies directed against normal tissue as well as auto-
antibodies against p-ANCA and tropomyosin [ 11 ,  12 ].  

    Pharmacologic Options 

    Acute Disease 

 Current medical therapy aims to palliate the infl ammatory 
process by inducing and maintaining remission. While doing 
so, it is expected that there will be mucosal healing with con-
current abatement of the intestinal symptoms and improve-
ment in the quality of life of our patients. Patients initially 
presenting with mild-to-moderate colitis and without prior 
pharmacologic intervention are generally started on a regi-
men of aminosalicylates such as mesalamine [ 13 ]. When 
patients reach the stage of severe colitis, current treatments 
now include steroids, anti-TNF therapies, and calcineurin 
inhibitors such as infl iximab and cyclosporine. 

 One of the main predisposing factors to UC is an overactive 
immune-mediated infl ammatory response. Aminosalicylates 
represent the fi rst-line treatment in mild-to- moderate disease 
[ 13 ,  14 ]. When patients present with severe ulcerative colitis, 
an attempt to avoid the use of antidiarrheal medication, analge-
sics containing opioids, and anticholinergic should be made. 
Each of these interventions inhibits gastrointestinal motility 
and increases the potential risk of toxic, dilated bowels and 
subsequent perforation [ 15 ,  16 ]. 

 Many different measures have been used to defi ne an 
acute, severe UC fl are, each a variation of the Truelove and 
Witts criteria (greater than 6 stools per day with either large 
amounts of blood in each stool, a hemoglobin less than 
10.5 g/dL, a body temperature over 37.8 °C, a pulse rate over 
90 beats per minute, or an ESR of more than 30 mm/h) [ 17 , 
 18 ]. The current defi nition of UC as outlined in the American 
College of Gastroenterology 2010 guidelines note that “any 

patient presenting with persistent bloody diarrhea, rectal 
urgency, or tenesmus, [we recommend that] stool examina-
tions and sigmoidoscopy or colonoscopy and biopsy should 
be performed to confi rm the presence of colitis and to exclude 
the presence of infectious and noninfectious etiologies” [ 19 ]. 
Any patient meeting the clinical criteria of severe ulcerative 
colitis should be immediately hospitalized and considered a 
medical emergency. Initially, patients should be evaluated 
for enteric pathogens, cytomegalovirus, and  Clostridium dif-
fi cile  within the stool and have these pathogens excluded on 
a mucosal biopsy after a fl exible sigmoidoscopy. Visualization 
of the colon will show the hallmark characteristics of an 
acute, severe UC fl are: granularity, ulceration, friability, and 
the attenuation of vascularity [ 19 ]. These pathologic fi nd-
ings, combined with clinical presentation and the exclusion 
of pathogens, underscore a diagnosis of ulcerative colitis. At 
the onset, patients should receive daily IV corticosteroids 
such as hydrocortisone (300 mg) or methylprednisolone 
(60 mg) to induce remission. Glucocorticoids have a rapid 
onset of action (within 48 h) and effectively reduce the 
infl ammatory response in 80 % of patients. Furthermore, 
patients who receive steroids for treatment of UC may expe-
rience side effects ranging from psychosis to hypertension 
and diabetes as well as osteoporosis and avascular necrosis. 
Long-term use of corticosteroids is not advocated given the 
signifi cant adverse event profi le that can occur. The use of 
rescue immunosuppressive medications such as calcineurin 
inhibitors (cyclosporine, tacrolimus) or anti-TNF medica-
tions (infl iximab, adalimumab, golimumab) has been advo-
cated in this scenario. In addition the use of calcineurin 
inhibitors (cyclosporine, tacrolimus) and infl iximab has been 
clinically evaluated in patients with even, severe steroid- 
refractory disease (Fig.  13.1 ).

      Rescue Therapy 
    Immunomodulation of the infl ammatory microenvironment 
with calcineurin inhibitors has been used as salvage therapy 
for steroid-refractory UC patients. It is thought that “refrac-
toriness” derives from an overwhelming proinfl ammatory 
milieu that reduces the anti-infl ammatory affi nity of ste-
roids to its receptor and attenuates its effects. A patient is 
defi ned as refractory to steroids when their use has not 
decreased UC symptoms (increased stool urgency, fre-
quency, hematochezia, colonic dilation, tenesmus, fever) 
within 3–5 days. It is important for the clinician to exclude 
the presence of pseudo-refractory states that are not appro-
priately managed with the use of corticosteroids prior to 
initiating rescue therapies. These would include symptoms 
related to the presence of adhesions, fi brotic intestinal stric-
tures, abscesses, small intestinal bacterial overgrowth, 
 Clostridium diffi cile -related colitis, opportunistic viral 
infections (cytomegalovirus), or lactose intolerance. These 
are clinical scenarios that simulate the presence of UC-like 
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symptoms often indistinguishable from those in patients 
with actual, active ulcerative colitis. 

 After a patient is deemed truly refractory and docu-
mented to have active UC, options to further treatment 
include immunomodulators such as azathioprine (AZA), 
6- mercaptopurine (6-MP), and mycophenolate; the calci-
neurin/mTOR inhibitors tacrolimus and cyclosporine 
(CSA); and biologic agents like infl iximab, adalimumab, 
and, more recently, golimumab [ 20 ]. 

 The use of azathioprine (AZA) or 6-mercaptopurine 
(6-MP) is not typically used acutely and is not particularly 
helpful for patients with active, refractory UC given the long 
duration of time that is required for the onset of action. Two 
commonly prescribed calcineurin inhibitors include tacroli-
mus and cyclosporine, both of which downregulate T cell acti-
vation and chemokine production without signifi cant 
myelosuppression (Fig.  13.1 ). Specifi cally, the calcineurin 
inhibitors bind to immunophilins and inhibit the calcineurin- 
dependent dephosphorylation and activation of nuclear fac-
tor of activated T cells (NFAT) [ 21 ]. Whereas tacrolimus 
attaches to the FK506 binding protein, cyclosporine binds to 
cyclophilin, and both ultimately inhibit NFAT transcription 
of differentiation, growth, and chemokine genes. Cyclosporine 
harbors a long history of clinical use as an  antirejection drug 
in solid-organ transplantation as well as in rheumatoid arthritis 
[ 22 ]. It has a quick onset of action that results in severe UC 
improvement within 1–2 weeks at a dose between 2 and 4 mg/
kg/day via continuous intravenous (IV) infusion [ 23 ]. Recent 
evidence suggests oral formulations may be as effective as IV 
administration and is described below. 

 Two other medications, sirolimus and mycophenolate 
mofetil, target immune cell proliferation but are not currently 
recommended as a standard of therapy for patients with UC 
pending clinical trials. Sirolimus also binds to the immu-
nophilin FK506 binding protein but instead downregulates 
mammalian target of rapamycin (mTOR) attenuating T cell 
proliferation [ 21 ]. Mycophenolate mofetil acts as a prodrug 
that is hydrolyzed to mycophenolic acid, inhibiting the ino-
sine monophosphate dehydrogenase enzyme. As such, gua-
nine nucleotide synthesis and proliferation are downregulated 
specifi cally in B and T cells as they are incapable of rescue 
purine synthesis. Of note, only tacrolimus and cyclosporine 
harbor enough clinical data to warrant their recommended 
use in severe, steroid-refractory UC.  

    Cyclosporine Pharmacology 
 A fungal metabolite, cyclosporine is a lipophilic, cyclic peptide 
that is poorly soluble in water and must be either in an emul-
sion or a suspension prior to oral or IV use [ 24 ]. As such, 
there is a very narrow therapeutic window where levels 
below specifi c blood concentrations do not assist in attenuat-
ing the immunologic response, while levels above advance 
adverse effects. Additionally, the IV pharmacokinetic profi le 
is variable and highly dependent on the patient’s cytochrome 
P450 profi le within the liver, gut, and kidney as well as bile 
excretion dynamics. Importantly, high bile excretion (after a 
high-fat meal) will aid in the bioavailable absorption of 
cyclosporine but also in its excretion [ 25 ,  26 ]. 

 As the cyclosporine microemulsion increases contact 
with the plasma, its pharmacokinetic profi le is less variable 
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  Fig. 13.1    Pharmacologic 
mechanism of calcineurin and 
mTOR inhibitors. Similar 
mechanisms of action group 
cyclosporine, tacrolimus, and 
sirolimus into dependent 
inhibitors (see Chap.   14     for 
further information). Each is 
capable of negating the action of 
a transcription factor/activator by 
cooperative binding with either 
cyclophilin or FK506. 
Importantly, these attenuating 
mechanisms reside within the 
immunologic regulation of 
T cells       
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and more regulated. This variation reaches peak plasma 
levels in approximately 2 h but has a highly variable half-life 
ranging between 9 and 27 h [ 27 ]. Its hepatic cytochrome 
P450 metabolism is similar to IV cyclosporine and its excre-
tion also occurs mainly via bile excretion. After oral inges-
tion of cyclosporine, plasma levels achieve a maximal level 
( C max) in an average of 4 h, while its plasma half-life can 
reach 19 h [ 25 ,  28 ].    

    Cyclosporine Clinical Trials 

 The fi rst landmark randomized, double-blind, placebo- 
controlled prospective trial assigned 20 patients with severe 
UC not improving after at least 7 days of IV corticosteroids 
(equivalent to 300 of IV hydrocortisone or equivalent dose in 
other formulations) to receive either IV cyclosporine at 
4 mg/kg/day ( n  = 11) or placebo ( n  = 9) for up to 14 days [ 29 ]. 
Response was defi ned as improvement on a numerical 
Lichtiger scale from 0 (no symptoms) to 21 (severe symp-
toms) with a score of less than 10 on 2 consecutive days [ 29 ]. 
The active treatment arm had 9/11 (82 %) of patients with a 
validated response within a mean of 7 days when compared 
to 0/9 (0 %) of patients in the placebo arm ( p  < 0.001) [ 29 ]. 
Nonresponders, two patients in cyclosporine arm and four 
patients in placebo arm, underwent colectomy, while fi ve 
remaining nonresponders in the placebo arm crossed over to 
open-label treatment with IV cyclosporine [ 29 ]. In all fi ve 
placebo patients that crossed over to IV cyclosporine, a clini-
cal response was observed within a mean of 7 days with a 
decrease in their mean Lichtiger score from 11 to 7 [ 29 ]. 
Importantly, the mean disease activity index within the treat-
ment group was decreased by more than 50 %, permitting all 
cyclosporine-treated patients to have successful hospital dis-
charges [ 29 ]. The small number of enrolled patients in this study 
was in part due to the hospital’s safety committee stopping the 
trial early due to the observation of statistically signifi cant 
responses in the active treatment group [ 29 ]. The initial trial was 
planned with the intent to enroll 42 total patients. 

 A subsequent randomized, double-blind controlled trial 
published in 2001 observed that IV cyclosporine had compa-
rable effi cacy to IV methylprednisolone alone in severe UC 
fl ares [ 20 ]. There were 29 patients who were randomly 
assigned to an 8-day course of either IV cyclosporine (4 mg/
kg/day) or IV methylprednisolone (40 mg/day) [ 20 ]. Patients 
who demonstrated responses at day 8 (defi ned as a Lichtiger 
score of less than 10 on days 7 and 8 with a decrease in the 
Lichtiger score from day 1 to day 8 of at least three points 
and the possibility to discharge the patient) received the 
same medication orally in an open-label fashion (cyclospo-
rine 8 mg/kg or methylprednisolone 32 mg/day) combined 
with oral azathioprine 2–2.5 mg/kg/day [ 20 ,  29 ]. Oral meth-
ylprednisolone was given at a dose of 32 mg/day for the fi rst 

3 weeks with a subsequent taper by 4 mg/week until discon-
tinuation, whereas oral cyclosporine was continued for 3 
months and then discontinued [ 20 ]. Oral azathioprine was 
continued for up to 12 months [ 20 ]. 

 After the initial 8 days of IV therapy, 8/15 (53 %) of 
patients on methylprednisolone and 9/14 (64 %) of patients 
on cyclosporine had a response ( p  = 0.4) to therapy without 
severe, drug-related toxicity observed, suggesting similar 
effi cacy of cyclosporine and glucocorticosteroids in severe 
attacks of UC [ 20 ]. 

 Further, 7/9 (78 %) of patients with a cyclosporine- 
induced response maintained UC remission at 12 months on 
oral azathioprine when compared to 3/8 (37 %) of patients 
with a methylprednisolone-induced response [ 20 ]. Overall, 
1-year colectomy rates were 36 % (5/14 patients) in the 
cyclosporine group and 40 % (6/15 patients) in the methyl-
prednisolone group [ 20 ]. Cyclosporine was shown to be an 
effi cacious alternative to glucocorticosteroids in inducing a 
response in patients with severe UC and also as a bridging 
agent to oral azathioprine after achievement of a clinical 
response [ 20 ]. 

 Of further clinical importance, applying cyclosporine to 
UC patients while attenuating steroid exposure can benefi t 
patients who are sensitive to avascular necrosis, osteoporo-
sis, or immune defi ciency. 

 A single-center, randomized double-blind controlled trial 
compared the effi cacy and safety of an 8-day treatment with 
IV cyclosporine 4 mg/kg versus IV cyclosporine 2 mg/kg in 
patients with an acute, severe UC fl are [ 30 ]. Following the 
Lichtiger clinical activity index as described above [ 29 ], 73 
patients with a severe UC fl are were enrolled and followed 
for 8 days on either the 4 mg/kg or 2 mg/kg IV cyclosporine 
dosage [ 30 ]. The following concomitant medications were 
allowed: (1) IV corticosteroids (stable dose for at least 5 days 
without clinical response prior to enrollment and during the 
8 days of the trial), (2) oral corticosteroids (initiated at least 
14 days from inclusion without clinical benefi t) which were 
switched to IV corticosteroids on day 1 of the trial with sub-
sequent transition to oral corticosteroids on day 8 with a 
taper by 5 mg of prednisone per week, (3) AZA/6-MP 
(started at least 3 months prior to inclusion with a stable dose 
4 weeks prior to admission), (4) both oral and rectal amino-
salicylates (continued at stable doses for the fi rst 8 days), and 
(5) antibiotics (continued at inclusion if clinically necessary 
and during the trial for infections) [ 30 ]. Of note, patients 
who were not on azathioprine at the time of trial onset started 
receiving azathioprine 2–2.5 mg/kg orally on day 8 [ 30 ]. 

 Clinical response rates (defi ned as a Lichtiger clinical 
activity index (CAI) score less than 10 at day 8 with a drop 
of at least three from baseline) were 84.2 % for the 4 mg/kg 
arm and 85.7 % for the 2 mg/kg arm ( p  > 0.05) with a median 
time to clinical response of 4 days in both arms, signifying 
that the lower dose was as effi cacious as the higher [ 30 ]. 
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Coordinately, the blood levels of cyclosporine correlated 
with their dosing amounts such that 2 mg/kg had a blood 
level of 237 ± 33, while 332 ± 43 ng/mL was observed in the 
4 mg/kg group ( p  < 0.0001) [ 30 ]. Short-term colectomy rates 
were not statistically signifi cantly different between the 4 mg/
kg group and the 2 mg/kg group (13.1 % vs. 8.6 %,  p  > 0.05) 
[ 30 ]. The multivariate logistic regression analysis determined 
that, from several variables such as active smoking, mean 
cyclosporine dose, patient’s age, location of UC (left-sided vs. 
pancolitis), and concomitant corticosteroids and azathioprine 
use, only active smoking was inversely associated with clini-
cal response (OR 0.06, 95 % CI 0.008–0.407) [ 30 ]. 

 There were no statistically signifi cant differences between 
the treatment arms (4 mg/kg vs. 2 mg/kg) in the proportion 
of patients experiencing adverse events such as tremor or 
paresthesia (7.9 % vs. 5.7 %,  p -value not reported), increase 
of serum creatinine by at least 10 % (18.4 % vs. 17.1 %, 
 p -value not reported), fever (7.9 % vs. 2.9 %,  p -value not 
reported), or diabetes mellitus (2.6 % vs. 0 %,  p -value not 
reported) [ 30 ]. However, a trend toward a greater proportion 
of novel hypertension in the higher cyclosporine arm was 
observed (23.7 % vs. 8.6 %,  p  < 0.08) [ 30 ]. It was suggested 
that lower doses of cyclosporine should be used in patients 
with acute, severe UC given the comparable effi cacy to 
higher doses and better safety profi le [ 30 ]. There was a sug-
gestion that active smokers with severe UC may become 
refractory to all medical treatment, but the small number of 
smokers in this study precludes the defi nitive interpretation 
of this fi nding [ 30 ]. 

 A retrospective cohort analysis examined 142 patients 
admitted to a tertiary medical center with an acute, severe UC 
fl are. These patients were stratifi ed to either treated with IV 
cyclosporine (2–4 mg/kg/day) in conjunction with IV gluco-
corticosteroids for 7 days after they deteriorated or not 
responding to 5–7 days of prior treatment with IV glucocorti-
costeroids (methylprednisolone 40 mg/day) [ 31 ]. Patients 
whose condition worsened or did not improve while on IV 

cyclosporine for 7–10 days underwent immediate colectomy 
[ 31 ]. Those patients who responded to IV cyclosporine (83 %, 
118/142 patients) were then switched to a tapering dose of oral 
glucocorticosteroids and 3 months of oral cyclosporine emul-
sions (Neoral, Novartis) at an initial dose of 8 mg/kg/day that 
was adjusted to blood cyclosporine levels ranging between 
150 and 250 ng/mL, with addition of azathioprine (2.5 mg/kg/
day) or 6-mercaptopurine (1.5 mg/kg/day) [ 31 ]. Of the 142 
patients, 44 were already on azathioprine at the time of their 
severe fl are, 74 were started on azathioprine de novo, and 24 
patients did not receive azathioprine/6-mercaptopurine [ 31 ]. 
However, it is unclear when azathioprine de novo was initiated 
as the authors initially stated it occurred after achieving 
responses to IV cyclosporine with subsequent statements 
noting that azathioprine was initiated at the time of onset of IV 
cyclosporine therapy [ 31 ]. 

 Among 118 patients who avoided initial colectomy, 41 
(35 %) underwent a future colectomy within a mean of 542 
days [ 31 ]. According to the life table analysis, overall 1-year 
and 7-year colectomy rates were 33 % and 88 %, respec-
tively [ 31 ]. Subgroup analysis showed that the proportion of 
patients who underwent colectomy was statistically and sig-
nifi cantly ( p  < 0.05) greater among those patients who were 
already on azathioprine (59 %, 26/44 patients) at the time of 
the severe fl are when compared to those who were started de 
novo on azathioprine at the time of treatment with IV cyclo-
sporine (32 %, 24/74 patients). This observation suggests 
that prior failure of azathioprine to maintain a state of remis-
sion predicted poor treatment success with cyclosporine for 
severe UC fl ares [ 31 ]. In other words, patients who failed 
prior therapy with azathioprine and who presented with 
severe activity mandating the use of cyclosporine had poorer 
outcomes than those individuals who were azathioprine 
naïve at the time they received the cyclosporine for refrac-
tory disease (Fig.  13.2 ). Furthermore, of the 26 patients who 
were already on azathioprine and required colectomy, 23 
(88 %) underwent colectomy within 1 year after an initially 
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  Fig. 13.2    Cyclosporine-responsive patients without prior thiopurine 
usage have the highest success of avoiding colectomy. Stratifying by 
chronology of azathioprine dosing (never with cyclosporine (de novo) 
or before cyclosporine (current)). Patients naïve to AZA and co-dosed 

with cyclosporine at the same time avoid colectomy at the highest rate 
(58 %) compared to those on cyclosporine who do not receive AZA 
(14 %) or those who had prior AZA therapy prior to cyclosporine treat-
ment (28 %) [ 31 ]       
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successful treatment with cyclosporine. This can be compared 
to a 50 % 1-year colectomy rate (12/24 patients) in the sub-
group of patients who were started on azathioprine de novo 
and required colectomy [ 31 ].

   The authors concluded that cyclosporine is indeed effective 
in the short term and that AZA-naïve patients show better 
outcome prior to beginning cyclosporine therapy [ 31 ]. It was 
suggested that IV cyclosporine should be used as a bridge to 
long-term treatment with immune modulators or colectomy. 

 Further, a prior retrospective study including 42 patients 
with severe UC treated with IV cyclosporine 4 mg/kg/day 
for a mean of 10 days and 31 patients continuing oral cyclo-
sporine at 8 mg/kg/day for a mean of 20 weeks showed that 
the combination of cyclosporine and azathioprine/6- 
mercaptopurine was associated with a signifi cantly higher 
probability of avoiding colectomy at 5.5 years than cyclo-
sporine monotherapy (66 % vs. 40 %,  p  = 0.04) [ 32 ]. 
Colectomy-free rates were 62 % for all patients, 72 % for 
responders to cyclosporine, and 80 % for responders to 
cyclosporine on concomitant azathioprine/6- mercaptopurine. 
Further, life table analysis demonstrated colectomy-free 
rates at 5.5 years of 58 %, 70 %, and 71 %, respectively [ 32 ]. 
The results of both studies should be interpreted with caution 
due to their retrospective design and low number of patients 
enrolled [ 31 ,  32 ]. 

 Recent meta-analysis of six retrospective cohort studies 
comparing treatment with infl iximab versus cyclosporine in 
321 patients with acute, severe corticosteroid-refractory UC 
demonstrated comparable therapeutic profi les of both agents 
in terms of rescue therapy [ 33 ]. No statistically signifi cant dif-
ference was observed in the 3-month (OR = 0.86, 95 % CI 
0.31–2.41,  p  = 0.775) and 12-month colectomy rates 
(OR = 0.60, 95 % CI = 0.19–1.89,  p  = 0.381), in adverse drug 
reactions (OR = 0.76, 95 % CI = 0.34–1.70,  p  = 0.508), or in 
postoperative complications (OR = 1.66, 95 % CI = 0.26–
10.50,  p  = 0.591) between infl iximab and cyclosporine [ 33 ]. 
These data were further supported by a recent multicenter, 
parallel, open-label randomized controlled trial designed by 
GETAID in which 115 cyclosporine and infl iximab naïve 
patients from 27 medical centers in Europe presenting with 
severe UC refractory to IV corticosteroids were randomly 
assigned to receive either IV cyclosporine at the dose of 2 mg/
kg/day for 1 week followed by oral cyclosporine at the daily 
dose of 4 mg/kg for 91 days (goal trough 150–250 ng/mL, 
 n  = 58) or infl iximab infusions at the dose of 5 mg/kg on days 
0, 14, and 42 ( n  = 57) [ 34 ]. All patients were maintained on 
stable doses of IV corticosteroids for 7 days and then switched 
in responders to oral methylprednisolone (30 mg/day) with 
subsequent taper [ 34 ]. In addition, those with a clinical 
response at day 7 were started on azathioprine 2–2.5 mg/kg/
day or were continued on azathioprine if it was initiated within 
4 weeks before trial onset [ 34 ]. Primary effi cacy end points 
included treatment failure defi ned as presence of any of six 

predefi ned criteria: (1) no clinical response within the fi rst 
7 days, (2) clinical relapse (increase in Lichtiger score by at 
least three points sustained for 3 consecutive days) between 
days 7 and 98, (3) absence of corticosteroid- free remission on 
day 98 (Mayo disease activity index of less than 2 and an 
endoscopically defi ned subscore of less than 1), (4) interrup-
tion of treatment secondary to severe adverse events, (5) need 
for colectomy, or (6) patient’s death [ 34 ]. The proportion of 
patients who experienced treatment failure was similar 
between the two  treatment arms (60 % in cyclosporine arm vs. 
54 % in infl iximab arm,  p  = 0.52) [ 34 ]. Multivariate analysis 
adjusted for independent predictors of treatment failure 
(age greater than 40 years and hemoglobin concentration 
95–125 g/L) showed a nonsignifi cant increased odds ratio for 
treatment failure with cyclosporine versus infl iximab at 1.4 
(95 % CI 0.6–3.2,  p  = 0.36) [ 34 ]. The authors suggested that 
given comparable effi cacy, treatment choice with either cyclo-
sporine or infl iximab should be based on the physician’s or 
medical center’s experience [ 34 ]. Furthermore, data from a 
small retrospective study of 19 patients with severe corticoste-
roid-refractory UC who were treated with IV cyclosporine 
after failing to respond clinically to infl iximab or with infl ix-
imab after failing to respond clinically to IV cyclosporine sug-
gested that cyclosporine and infl iximab might be effi cacious 
salvage agents for each other in this patient population [ 35 ]. 
In that study, remission was achieved by 40 % of patients 
receiving infl iximab salvage therapy with mean duration of 
10.4 months and 33 % of patients receiving cyclosporine sal-
vage therapy with mean duration of 28.5 months [ 35 ]. Caution 
should be exercised when implementing this strategy immedi-
ately after failure of one agent and reserved after a “resting 
period” to avoid infectious complications resulting from mas-
sive immunosuppression [ 19 ]. 

 A prospective study of 83 consecutive patients presenting 
with corticosteroid-refractory severe UC who received sal-
vage therapy with either IV cyclosporine ( n  = 45) or infl ix-
imab ( n  = 38) showed that 84 % of patients who received a 
single dose of infl iximab (5 mg/kg) versus 56 % of patients 
who received at least 72 h of IV cyclosporine (2–4 mg/kg/
day) avoided colectomy ( p  = 0.006) [ 36 ]. Similarly, the pro-
portions of patients who avoided short-term and medium- 
term colectomy were signifi cantly greater in those treated 
with infl iximab when compared to oral cyclosporine at 3 
months (76 % vs. 53 %,  p  = 0.04) and 12 months (65 % vs. 
42 %,  p  = 0.04), respectively [ 36 ]. In addition, the only two 
adverse events occurred in patients receiving cyclosporine 
[ 36 ]. However, serious adverse event rates of 16 % (3/19 
patients) indicated that the risk of using this agent as salvage 
therapy may outweigh the benefi ts [ 35 ]. 

 The most recently published retrospective cohort study of 
78 patients with severe corticosteroid-refractory UC who 
underwent colectomy following treatment with IV cortico-
steroids alone or combined with either IV cyclosporine or 
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infl iximab at a tertiary university center suggested that 
neither cyclosporine nor infl iximab was associated with an 
increased risk of postoperative complications [ 37 ]. No dif-
ference in total postoperative complications was observed 
between patients who received cyclosporine (RR = 0.63, 
95 % CI 0.33–1.23) or infl iximab (RR = 0.65, 95 % CI, 0.36–
1.17) in conjunction with IV corticosteroids and those 
receiving IV corticosteroid monotherapy [ 37 ]. Furthermore, 
no signifi cantly increased risk of infectious (cyclosporine 
with IV corticosteroids, RR = 0.54, 95 % CI, 0.17–1.76; inf-
liximab with IV corticosteroids, RR = 0.86, 95 % CI, 0.36–
2.09) or noninfectious (cyclosporine with IV corticosteroids, 
RR = 0.88, 95 % CI, 0.43–1.80; infl iximab with IV cortico-
steroids, RR = 0.40, 95 % CI, 0.15–1.07) postoperative com-
plications was observed in patients treated with cyclosporine 
or infl iximab combined with IV corticosteroids when com-
pared with IV corticosteroids alone [ 37 ]. 

 According to a recent systematic review of the literature, 
remission rates achieved with IV cyclosporine were 91.4 % 
in four controlled trials and 71.4 % in 18 uncontrolled trials 
with the lower 2 mg/kg/day dose being safer and as effi ca-
cious as the higher, standard 4 mg/kg/day dose [ 38 ]. The 
Cochrane meta-analysis on the effi cacy of cyclosporine in 
severe UC published in 2005 [ 23 ] was not able to provide 
pooled data due to signifi cant differences in design and 
patient populations in the two randomized controlled trials 
[ 20 ,  29 ] that were included in the fi nal analysis. Further, they 
suggested that there is limited evidence supporting superior-
ity of effi cacy with short-term treatment with cyclosporine 
than standard treatment alone for severe UC [ 23 ]. It was also 
suggested that long-term treatment with cyclosporine has 
unclear benefi ts due to the risk of adverse events, in particu-
lar nephrotoxicity [ 23 ]. Recent data from studies comparing 
cyclosporine and infl iximab in severe UC suggest that there 
is not enough strong evidence to prefer one agent over the 
other and that results from ongoing randomized controlled 
trials will likely help to determine the best agent for medical 
salvage therapy [ 39 ]. In the end, early discussions of benefi ts 
of surgery with your patient are recommended due to the fact 
that a delay in offering surgery to a patient may increase the 
risk of complications, and this population is recognized to 
carry a 2.8 % mortality given the fact that they have already 
failed fi rst-line treatment options [ 39 ]. 

 There is consensus that cyclosporine therapy should be 
initiated by experienced physicians who are faced with patients 
unresponsive to corticosteroids, within the initial week of the 
fl are, and tailored to symptomatology and blood tests. 

    Analysis of Long-Term Cyclosporine Therapy 

 Small prospective and larger retrospective analyses have 
analyzed the long-term side effects of cyclosporine therapy 

prior to subsequent relapse or colectomy [ 40 ,  41 ]. Campbell 
et al. constructed the largest retrospective database of 76 
patients with acute corticosteroid-refractory UC who 
required treatment with either IV (4 mg/kg/day) or oral 
(5 mg/kg/day) cyclosporine for a median of 4 days or 4 
weeks [ 40 ]. Patients who responded (<3 bowel movements/
day and C-reactive protein <45 mg/L) to IV or oral cyclospo-
rine rescue therapy underwent long-term treatment with oral 
cyclosporine for a median of 6 weeks with an initial daily 
dose of 5 mg/kg that was later titrated to a trough blood level 
of 150–300 ng/L and were followed for a median of 2.9 years 
[ 40 ]. As soon as patients’ corticosteroids were discontinued, 
treatment with oral azathioprine was initiated concomitantly 
with oral cyclosporine [ 40 ]. Although, overall, an initial 
remission was achieved by 74 % (56/76) of patients, only 
35 % of initial responders maintained their remission by 12 
months and 10 % by 36 months, and only 42 % of initial 
responders were colectomy-free after 84 months of follow-
 up [ 40 ]. Neither duration of treatment with IV hydrocorti-
sone prior to treatment with cyclosporine nor addition of 
azathioprine to cyclosporine improved time to fi rst relapse or 
time to surgery [ 40 ]. On the other hand, time to the fi rst 
relapse ( p  < 0.01) and time to the colectomy ( p  < 0.05) were 
signifi cantly greater in patients treated with oral cyclospo-
rine when compared to IV [ 40 ]. 

 These data were further supported by a recent retrospective 
analysis of the records of 36 patients (38 episodes of cyclospo-
rine use) presenting with acute corticosteroid- refractory UC 
who, within a median of 8 days after hospitalization, were 
primarily started on oral cyclosporine (32/38 episodes) at the 
initial dose of 4.5–8.3 mg/kg/day (six patients were started on 
IV cyclosporine 2–5 mg/kg/day and switched to oral formula-
tion after 2–8 days). These data showed that 30.5 % (11/36) of 
the patients immediately failed to respond to cyclosporine 
within a mean of 6.1 days and underwent colectomy [ 41 ]. 
Among 25 patients who initially responded to cyclosporine 
and were subsequently discharged on oral cyclosporine (85 % 
were started on azathioprine within a median of 5 weeks 
after discharge), 84 % were colectomy-free after a median 
follow-up of 3.8 years [ 41 ]. 

 Another small cohort study evaluated 23 patients treated 
with oral microemulsion cyclosporine (5 mg/kg/day titrated 
to blood trough concentration 200 ng/mL) for 3 months due 
to corticosteroid-refractory or corticosteroid-dependent UC 
and demonstrated a 70 % clinical response (at least 50 % 
reduction in clinical activity) rate (16/23 patients) at 3 
months [ 42 ]. Those who responded to oral cyclosporine were 
switched to oral azathioprine at the daily dose of 2 mg/kg for 
a median of 24 months, while nonresponders underwent col-
ectomy [ 42 ]. After a median follow-up of 12 months among 
initial responders, 11 patients were colectomy-free, while 
5 underwent colectomy with a chronic response rate of 47 % 
(11/23 patients) [ 42 ]. The study also compared their results 
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with data from the fi ve largest published studies. Their series 
evaluated 210 patients with ulcerative colitis treated with IV 
cyclosporine followed by oral formulation with an acute 
response of 68 % and a chronic response of 42 % [ 32 ,  42 – 46 ]. 
It was therefore proposed that the oral microemulsion formu-
lation of cyclosporine may replace IV cyclosporine in treat-
ing patients with acute, severe corticosteroid- refractory or 
corticosteroid-dependent UC [ 42 ]. These observations sug-
gest that cyclosporine therapy may have long-term success-
ful outcomes in avoiding colectomy when doses and blood 
levels are monitored and adverse effects are dealt with on a 
patient-by-patient basis.   

    Alternative Routes of Administration 

    Microemulsions 

 Neoral (Novartis) is an oral microemulsion variant of cyclo-
sporine that has a history of being used in solid-organ trans-
plant immunosuppression in combination with azathioprine 
and corticosteroids. Similar to IV cyclosporine, this agent has 
an ability to achieve therapeutic blood concentrations between 
150 and 250 ng/dL. When studies have compared these agents, 
it has been demonstrated that Neoral has similar effi cacy with 
a lower toxicity profi le. A short-term open- label retrospective 
trial was carried out on 40 patients with severe UC. Initial 
patient dosages followed a 2 mg/kg/day of continuous IV 
cyclosporine until response was achieved or for a maximum of 
14 days with responders being switched to 6–8 mg/kg of oral 
cyclosporine (Neoral) for 6 months of maintenance treatment 
[ 47 ]. All of the patient’s fasting blood levels of cyclosporine 
were sustained at between 150 and 300 ng/mL for 3–6 months 
on the oral formula which correlated with their previous IV 
administration of cyclosporine blood levels [ 47 ]. The authors 
also retrospectively analyzed the cohort of 15 patients with 
severe, acute corticosteroid- resistant UC who were treated 
with oral microemulsion cyclosporine at a dose of 5 mg/kg/
day for 3 months [ 47 ]. In both cohorts, IV cyclosporine fol-
lowed by oral cyclosporine or oral cyclosporine alone had 
similar disease severity with equal distribution of left-sided UC 
and borderline statistically signifi cant differences in frequency 
of blood transfusions and total parenteral nutrition [ 47 ]. On the 
other hand, all patients treated with IV cyclosporine did not 
respond to the prior high dose of IV corticosteroids, whereas 
43 % of those who were treated only with oral cyclosporine 
chronically relapsed on a high dose of oral corticosteroids [ 47 ]. 
When comparing oral versus IV cyclosporine only, the patients 
treated with oral cyclosporine achieved a signifi cantly higher 
UC remission rate in the short-term (100 % vs 65 %,  p  = 0.011), 
a similar rate of treatment failure (42 % vs 42 %), and a lower, 
albeit non-signifi cant, decrease in adverse events (0 % vs 17 %, 
 p  = 0.171).  

    Enemas 

 The pharmacokinetics of cyclosporine-retention enemas 
was assessed in a prospective crossover study that deter-
mined that cyclosporine enemas achieve high concentra-
tions within distal colonic tissue with negligible systemic 
absorption after a single dose in healthy subjects [ 48 ]. 
Initially two small, uncontrolled trials regarding the admin-
istration of cyclosporine via enemas were performed in an 
effort to minimize its systemic toxicity [ 49 ,  50 ]. Data from 
an open-label study on ten patients presenting with treat-
ment-resistant, left-sided UC showed signifi cant improve-
ment in 50 % of the patients during a 4-week treatment with 
nightly retention enemas of cyclosporine (350 mg) [ 49 ]. 
Similarly, a small study on 12 patients with distal, refractory 
UC showed strong correlation between clinical and histo-
logic improvement ( p  < 0.005) and a 58 % rate of clinical 
improvement [ 50 ]. However, limited effi cacy was observed 
due to the fact that the continuous UC of many patients from 
rectum to right- sided colon outpaced the volumetric expan-
sion of the enema. 

 To deduce if localized UC could benefi t from enemas, one 
controlled trial of 40 patients with mild-to-moderate left- 
sided colitis was undertaken [ 51 ]. This trial observed no clini-
cal benefi t from cyclosporine enemas (8 of 20 patients, 40 %) 
over placebo (9 of 20 patients, 45 %) when dosed at 350 mg/
day for 4 weeks [ 51 ]. Based on available data, cyclosporine 
enemas for mild, moderate, or severe UC are not recom-
mended at this time.   

    Adverse Events 

 Many adverse effects seen with cyclosporine are dose depen-
dent and can be reduced or avoided with dosage adjustment. 
Physicians should remain mindful of these potential compli-
cations and have pharmacologic and/or surgical options 
readily available should the patient’s condition necessitate 
these interventions. 

    Infection 

 Opportunistic infections secondary to immune suppression 
are a common concern with calcineurin inhibitors such as 
cyclosporine and regimens that often include steroids as well 
as azathioprine. Suppressed T cell regulation coupled with a 
reduction in the infl ammatory cytokine response permits 
 Pneumocystis jiroveci  ( carnii ) (PCP) and community acquired 
pneumonia (CAP) as well as reactivated cytomegalovirus 
(CMV) and  Clostridium diffi cile  ( C. diffi cile ) infections within 
patients [ 52 – 55 ]. Considering many severe UC patients will 
have repetitive hospital admissions, steroid dosing, and 
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 concurrent antibiotic therapy in addition to extended immuno-
suppression, their risk of infection is increased substantially 
[ 56 ]. CMV reactivation in patients with UC results in a more 
rapid clinical degradation and higher rates of colectomy [ 57 ]. 
As a result, all patients should have a thorough review of their 
vaccination history, including Hepatitis B, and risk analysis of 
possible chronic infections [ 58 ]. All live vaccines or prophy-
lactic antibiotic dosing should occur prior to immunosuppres-
sion with all patients receiving both infl uenza and 
pneumococcal vaccines [ 59 – 61 ]. General recommendations 
include a trimethoprim- sulfamethoxazole dosing schedule 
(160–800 mg, three times a week) or dapsone, if sulfa allergic, 
in an effort to ward off infection during treatment, similar to 
other CD4+-depleted patients [ 62 ].  

    Diabetes Mellitus 

 For decades, calcineurin inhibitors have been recognized for 
their potential to incite new onset diabetes mellitus in trans-
plant patients [ 63 ]. Although this diabetogenic effect is far 
less than immunosuppression with steroids, it is still higher 
than with azathioprine alone [ 64 ,  65 ]. Cyclosporine and other 
calcineurin inhibitors target intercellular NFAT, the cAMP 
response element binding (CREB) protein, and the PI3K/Akt 
(among other) pathways within the beta cells of the pancreas 
[ 66 ]. Inhibition of NFAT has been associated with distur-
bances in the gene transcription necessary for insulin release, 
insulin resistance, and metabolism [ 64 ,  67 ]. Beta- cell toxicity 
and CREB-activated glucagon-like peptide (GLP-1) have 
also been implicated in cyclosporine-related diabetes forma-
tion [ 68 ,  69 ]. In addition, cyclosporine has been shown to 
affect both glucose signaling and insulin secretion within 
beta cells [ 70 ]. Despite these disturbances in endocrine 
pancreas function, the increased induction of diabetes is 
favorably lowered with a linear decrease in cyclosporine 
concentration [ 68 ].  

    Seizures 

 Seizures should be monitored with high IV drug levels of 
cyclosporine as they have been appreciated in clinical studies 
[ 71 ]. Seizure onset was witnessed with lower patient choles-
terol levels (corresponding with decreased solubility and 
higher free drug concentration) or seizure threshold- lowering 
hypomagnesemia [ 72 ]. It is necessary to decrease cyclospo-
rine dosage to 2 mg/kg in these situations [ 73 ]. Additionally, 
the use of total parenteral nutrition (TPN) with intralipids 
has been used with the intention of elevating serum lipids. 
Control of hypertension, correction of hypomagnesemia, and 
following blood concentration levels of those with hypocho-
lesterolemia can greatly reduce seizure risk.  

    Nephrotoxicity 

 Structural and functional nephrotoxicity is a major concern of 
patients taking cyclosporine [ 63 ]. Watchful surveillance of 
age-related nephrotoxicity is necessary when doses approach 
5 mg/kg/day of oral cyclosporine [ 74 ]. These increased doses 
correlate with higher blood concentrations, and studies have 
found that an increase of more than 30 % in serum creatinine 
can be used as a predictor of cyclosporine- induced nephropa-
thy [ 73 ]. Serum creatinine levels can be reduced immediately 
with a reduction in cyclosporine dosages and blood concen-
tration to minimum effi cacy levels that induce clinical 
response (150 ng/dL) [ 73 ]. In addition, secondary to the 
genetic uniqueness of patients, histologic nephrotoxicity can 
occur even at low, chronic doses [ 73 ]. One can consider 
avoidance of cyclosporine altogether in those patients with 
preexisting renal disease as reduced doses preclude cyclospo-
rine effi cacy.  

    Miscellaneous 

 Various studies evaluating adverse reactions to patients 
treated with cyclosporine noted dose-dependent side effects 
that included: paresthesias, hyper- and hypotrichosis, 
increased liver enzymes, hypertension, tremor, headache, 
nausea and vomiting, hypomagnesemia, hypokalemia, and 
myalgias [ 9 ,  20 ,  23 ,  29 ,  62 ]. Each of these adverse reactions 
can be monitored and cyclosporine dosages can be adjusted 
to minimum trough blood levels of 150 ng/dL. It is important 
to recognize that different studies report cyclosporine con-
centration results by different assays: (1) a monoclonal assay, 
(2) a polyclonal assay, and (3) an HPLC assay. Secondary 
therapies can be initiated to reduce these side effects while 
still harboring the benefi ts of cyclosporine. Hypertension is 
generally treated with calcium channel blockers, specifi cally 
diltiazem, due to its renal perfusion characteristics. 
Importantly, diltiazem inhibits cyclosporine liver metabolism 
so blood cyclosporine concentrations should be monitored 
and dosage reduced if necessary [ 73 ,  75 ]. Hair loss/gain is 
reversible with cessation as are headache, nausea, and vomit-
ing. If a patient is found to have gingival hyperplasia, an 
experienced dentist can be consulted to examine its extent 
and determine the necessity of cyclosporine cessation.   

    Outcomes and Long-Term Prognosis 

    Maintenance Therapy 

 To date, most studies of cyclosporine center on the premise of 
acute symptomatic alleviation. There is limited evidence for 
maintenance of remission with long-term use of cyclosporine 
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in any patient population. Further, prolonged cyclosporine 
use in solid-organ transplant antirejection literature mimics 
the adverse effects seen in UC clinical trials: serious infec-
tion risks, nephrotoxicity, hypertension, metabolic effects, 
and neuropathy [ 25 ,  26 ,  65 ,  71 ,  75 ,  76 ]. Should remission of 
a fl are occur after the acute use of cyclosporine, maintenance 
therapy is recommended to prevent further infl ammation and 
relapse of UC. Maintenance therapy is generally a gradual 
attenuation of steroids to less than 20 mg/day combined with 
cyclosporine and the addition of azathioprine. Importantly, 
between 40 and 50 % of patients will avoid colectomy within 
2 years when cyclosporine is used prior to maintenance with 
azathioprine [ 77 ]. However, once cyclosporine therapy has 
been initiated in thiopurine-naïve UC patients, the addition 
of azathioprine may be necessary to maintain their remission 
for a minimum of 6 months. Indeed, 2 mg/kg/day of AZA 
added (if TPMT [thiopurine methyltransferase] enzyme 
activity is not low) after IV-induced cyclosporine remission 
of severe, steroid- refractory UC has shown to reduce patient 
colectomy rates from 60 to 26 % [ 78 ,  79 ]. Should a patient 
have maximized thiopurine therapy prior to treatment with 
cyclosporine, a consensus recommends that anti-TNF inhibi-
tors should instead be implemented and the use of cyclospo-
rine should not be considered [ 31 ].   

    Cyclosporine Refractory Ulcerative Colitis 

    Pharmacologic 

 Up to 48 % of patients initially responding to cyclosporine 
for acute colitis may become refractory to its immunosup-
pressive benefi ts over the long term and proceed to colec-
tomy [ 41 ]. Retrospective studies suggest that these patients 
may benefi t from antitumor necrosis factor (TNF) agents as 
is the case in Crohn’s disease (given the lack of demonstrated 
benefi t for cyclosporine in patients with Crohn’s disease) 
[ 34 ]. Individuals who attempt the use of cyclosporine ini-
tially are not immediate candidates for anti-TNF therapy if 
they fail given that there has been a high rate of infectious 
complications observed when implementing this strategy. 
Similarly, if failure of anti-TNF therapy occurs, cyclosporine 
use should not be contemplated immediately afterward as 
similar complications may ensue [ 19 ].  

    Colectomy 

 It is important to make an early decision regarding curative 
surgery or beginning rescue therapy as detailed above. 
Foremost, experienced physicians can determine if the risk of 
rescue therapy failure is high enough to proceed with an 
immediate colectomy with the assistance of a skilled 

ga strointestinal or colorectal surgeon. While old data prior to 
the introduction of anti-TNF therapy demonstrated that the 
evidence is strong that more than eight stools per day strati-
fi es 85 % of patients into an immediate colectomy, this is no 
longer the case given the advent of cyclosporine and subse-
quent anti-TNF therapy in our patient population [ 40 ]. 

 Up to 80 % of acute steroid-refractory UC fl ares can be 
controlled with cyclosporine alone and, if naïve to azathio-
prine, can avoid colectomy up to 58 % of the time (Fig.  13.2 ) 
[ 31 ,  34 ]. A variety of studies have shown that a majority of 
patients will choose cyclosporine therapy initially to avoid 
colectomy and that these patients have a better quality of life 
compared to surgery [ 80 ,  81 ]. Those who fail to suppress 
severe UC fl ares and who have maximized thiopurine usage 
therapy already have the highest risk for colectomy 
(Fig.  13.2 ) [ 31 ]. The prior use of thiopurines may expose 
patients to inherent infectious risks and toxicities leading to 
cyclosporine failure and ultimately colectomy as well [ 31 ]. 
Thus it is recommended that in severe steroid-refractory UC, 
cyclosporine initiation should be considered a bridge to thio-
purine modulation de novo in naïve patients in an effort to 
decrease colectomy rates in this population (Fig.  13.3 ) [ 31 ].

        Conclusions 

 Intravenous and oral cyclosporines are each established ther-
apeutic options in corticosteroid-refractory ulcerative colitis 
and are not inferior to therapy with corticosteroids or infl ix-
imab. Both formulations can more successfully delay colec-
tomy in patients with severely active UC, who are also 
azathioprine naïve and respond to therapy. 

 It is important for physicians to fi rst recognize if their 
patient is in an acute, severe UC fl are and initially treat the 
patients with corticosteroids (Fig.  13.4 ). If the patient has 
many comorbid conditions (see algorithm) or poor perfor-
mance status due to age, a colectomy should be considered 
immediately [ 77 ]. If the patient does not respond to steroids 
within 3–5 days or their UC becomes fulminant based upon 
any clinical assessment (any variation of Truelove and Witts or 
Lichtiger scoring) and is fi t for potential immunosuppressive 
therapy, the physician should consider oral or IV cyclospo-
rine, especially in AZA-naïve individuals (AZA-exposed 
patients can be considered for infl iximab therapy). Blood 
trough levels should be monitored for concentrations ideally 
between 150 and 250 ng/dL by any of the three measurement 
assays. In addition, the physician should remain cognizant of 
symptoms and blood tests that may point toward adverse 
effects and attenuate cyclosporine dosages accordingly. 
Should the patient not respond after 5 days, a colectomy 
should be discussed with the patient and the surgical team. 
If remission should occur within the fi rst week of cyclosporine 
therapy, steroids should be tapered, and the patient can be 
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Colectomy

Steroid Refractory UC
142 Patients

CSA Response
118 (83%)

Avoid
Colectomy

Prior AZA Use
(28%)

De Novo AZA
Use (58%)

De Novo AZA
Use (21%)

Prior AZA Use
(46%)

CSA No
Response 24

(17%)

  Fig. 13.3    Cyclosporine 
responders avoid colectomy 
when naïve to thiopurine at 
higher rates. Stratifying 
azathioprine (AZA) use by 
cyclosporine (CSA) response and 
colectomy. Compared to patients 
never started on AZA or those 
who have already been on AZA, 
patients with steroid- refractory 
UC and begun on cyclosporine 
have the highest rates of 
colectomy avoidance when AZA 
is started de novo [ 31 ]       

Acute, Severe UC-
Begin Steroids &

Stratify*

Elderly ± Comorbid
conditions**

Colectomy

Cyclosporine 2mg/kg
IV QD to Blood

Concentration of
150-250 ng/dL

Fulminant UC – Day 3
or Steroid Refractory

by Day 7

Oral Cyclosporine
5mg/ kg BID to Blood

Concentration of
150-250 ng/dL

Monitor Blood Tests &
Attenuate Dosage if

Necessary***

Taper Steroids, D/C on
Oral Cyclosporine

8mg/kg for 3 months,
Begin AZA

Responsive within 7
Days****

Unresponsive after 7
Days

Colectomy

  Fig. 13.4    Recommendation for cyclosporine therapy. Collective recom-
mendation derived from multiple clinical studies. *Stratifi cation of 
patients based upon acuity, performance status, blood tests, and symp-
toms. **Comorbid conditions to consider include: renal impairment, 
active infection, frailty, poor nutrition, and malignancy [ 77 ]. ***Blood 
tests to consider include: cyclosporine trough levels, creatinine, 

 magnesium, cholesterol, and electrolytes. Urine should be tested if neces-
sary in nephrotoxicity cases. ****Responsive is defi ned as a decrease in 
frequency of stool, change in consistency of stool, cessation of blood in 
stool, and decrease in pain associated with bowel movements (Adapted 
from overall summation of studies included within this chapter)       
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discharged on oral cyclosporine, 6–8 mg/kg/daily for 3 months, 
with concomitant AZA, 2 mg/kg/day for up to 6 months.

   In summary, bridging corticosteroids to cyclosporine or 
infl iximab plus azathioprine appears to be a potent anti- 
infl ammatory combination in our UC patient population that 
decreases their symptoms, time in the hospital, and colec-
tomy rates while improving their quality of life.     
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        Tacrolimus 

 When cyclosporine was introduced as rescue therapy for 
corticosteroid-refractory ulcerative colitis in the early 
1990s, this marked a turning point in the management of 
these patients, for many of which colectomy had been the 
only remaining therapeutic option [ 1 ,  2 ]. Since then, the 
value of cyclosporine has been confi rmed in numerous stud-
ies [ 3 ], and a recent randomized controlled trial carried out 
at 27 European infl ammatory bowel disease centers found 
that its effi cacy for inducing remission in severe ulcerative 
colitis refractory to intravenous steroids equaled that of inf-
liximab [ 4 ]. However, the safety profi le of cyclosporine, 
especially in the long run, appears rather unfavorable. 
Neurological side effects such as paresthesias, nephrotoxic-
ity, hypertension, headache, and gingival hyperplasia have 
been reported in up to one third of patients [ 2 ,  3 ]. In addi-
tion, intravenous administration with therapeutic drug mon-
itoring is generally required, although an oral formulation 
of cyclosporine exists. 

 As a consequence, an intense search for novel calcineurin 
inhibitors commenced which led to the isolation of a macro-

lide produced by  Streptomyces tsukubaensis  initially termed 
FK-506 in 1987 that was later renamed into tacrolimus 
(for Tsukuba macrolide immunosuppressant) [ 5 ]. Similar to 
cyclosporine, tacrolimus acts by inhibiting calcineurin, a 
phosphatase required for the translocation of the transcrip-
tion factor NFAT (nuclear factor of activated T cells) into the 
nucleus, where it controls production of interleukin-2 in 
T lymphocytes. In addition, inhibition of other transcription 
factors such as NF-κB or Oct-1 has been demonstrated for 
these compounds, and consequently, both cyclosporine and 
tacrolimus act primarily by inhibiting T cell activation, 
although direct effects on B cell activation have been reported 
as well [ 6 ,  7 ]. 

 While cyclosporine and tacrolimus exert similar effects, 
their mechanism of action differs with cyclosporine binding 
to cyclophilin and tacrolimus to a protein termed FKBP 
(for FK binding protein) that belongs to a group of cytosolic 
peptidylprolyl isomerases called immunophilins [ 7 ]. Due to 
this differential mode of action, the immunosuppressive 
potency of tacrolimus vastly exceeds that of cyclosporine 
[ 5 ,  6 ]. Moreover, both compounds exhibit important differ-
ences in terms of pharmacokinetics, and oral absorption of 
tacrolimus is more reliable compared to cyclosporine as it 
does not depend on bile fl ow or integrity of the intestinal 
mucosa. As a consequence, tacrolimus gradually replaced 
cyclosporine in many indications within transplantation med-
icine, which consequently piqued an interest in its potential 
usability in ulcerative colitis. 

 This development was paralleled by encouraging data 
obtained in animal models of IBD [ 8 – 11 ] and an anecdotal 
series with tacrolimus treatment of Crohn’s disease and 
ulcerative colitis as early as 1993 [ 6 ]. However, it was not 
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until 1998 that a fi rst detailed description of its use in adults 
was published in a form of a small open-label, uncontrolled 
pilot study. In this trial, 11 patients suffering from acute 
fl ares of ulcerative colitis or Crohn’s disease refractory to a 
standard therapy consisting of corticosteroids, azathioprine, 
and mesalamine received intravenous tacrolimus after about 
a week of unsuccessful intravenous steroid treatment [ 12 ]. 
Within 10 days, 9 out of the 11 patients displayed a favorable 
response, whereas the remaining 2 patients underwent col-
ectomy. Subsequent case series involving 9–40 ulcerative 
colitis patients confi rmed these data [ 13 – 15 ], and as a conse-
quence, a fi rst randomized multicenter trial on the use of 
tacrolimus in ulcerative colitis was published in 2006 [ 16 ]. 
This study compared two arms with low (5–10 ng/ml) and 
high (10–15 ng/ml) trough levels to a placebo group in a total 
of 60 hospitalized patients with moderately or severely active 
left-sided colitis or pancolitis and was carried out in 17 cen-
ters in Japan. Response as indicated by a drop in the disease 
activity score of more than 4 was observed in 68 % of patients 
in the high-dose group as compared to 10 % in the placebo 
group ( p  < 0.001) within 2 weeks of therapy. Similarly, more 
patients receiving the low dose displayed a clinical response 
(38 %), although statistical signifi cance was not met in this 
group, most likely due to the small number of patients ana-
lyzed. Although this study has been criticized for its low num-
ber of patients and the potential inclusion of patients with less 
severe disease [ 17 ], it provided the fi rst data on the short-term 
effi cacy of tacrolimus in a randomized design. 

 Later on, the same group published results from a second 
double-blind placebo-controlled trial that involved 62 hos-
pitalized patients with steroid-dependent or steroid-refrac-
tory disease and employed target tacrolimus trough levels of 
10–15 ng/ml. Again, the primary endpoint was clinical 
response after 2 weeks of therapy as indicated by a drop in 
the disease activity index of at least 4 points which was met 
by 50 % in the tacrolimus group as opposed to 13.3 % in the 
placebo group ( p  = 0.003). Rates for mucosal healing (44 % 
vs. 13 %) and clinical remission (9 % vs. 0 %) were also 
higher in the tacrolimus group, although the latter difference 
was not statistically signifi cant. None of the patients 
required colectomy during a 12-week open-label extension, 
which again raised objections on whether disease severity 
might have been lower than in other case series that reported 
colectomy rates between 10 and 50 % [ 18 ]. Although the 
incidence of adverse events in both prospective trials was 
reported to be not signifi cantly different between the tacro-
limus and placebo groups, experiences coming from the use 
of tacrolimus in other indications demonstrated that it is 
associated with infections, nephrotoxicity, changes in glu-
cose metabolism, and neurological adverse events such as 
tremor or paresthesias [ 19 ,  20 ], suggesting that the apparent 
lack of relevant side effects in these trials might have been 
due to the short time of treatment and/or follow-up. Data 
from uncontrolled observational studies furthermore sug-

gest that even when used for short times, tacrolimus therapy 
might be associated with side effects in up to 50 % of 
patients, although, in these series, the majority of adverse 
reactions were mild and very rarely required discontinua-
tion of therapy [ 13 – 21 ]. 

 In summary, the available evidence provides support for 
tacrolimus in the induction of remission when treatment with 
corticosteroids has failed. However, head-to-head compari-
son studies with infl iximab and/or cyclosporine have not 
been conducted to date. Nonetheless, national and interna-
tional professional societies have adopted tacrolimus into 
their current treatment guidelines for refractory ulcerative 
colitis [ 22 ,  23 ]. A target serum trough concentration of 
10–15 ng/ml is supported by both Ogata trials, although sev-
eral case series including more than 100 patients have dem-
onstrated effi cacy for trough levels below 10 ng/ml as well 
[ 13 ,  21 ,  24 ]. Thus, further appropriately designed trials will 
be required to determine the optimal dose of tacrolimus. 

 When administering the drug orally, target levels will be 
reached faster when therapy is started with higher doses (0.1–
0.2 mg/kg daily divided into two doses), especially when 
patients are allowed to eat [ 3 ]. However, special caution has to 
be exercised in this scenario, and monitoring of drug serum lev-
els is advised daily for the fi rst days of therapy in order to avoid 
adverse effects due to overdosage. Alternatively, tacrolimus 
therapy can be initiated by continuous intravenous infusion in 
hospitalized patients in order to reach target levels faster. As a 
result of its narrow therapeutic window and its metabolization 
via the cytochrome C system (in particular CYP3A4), special 
caution is advised with respect to potential drug interactions, 
e.g., with macrolide antibiotics, certain antiepileptic and anti-
fungal drugs, and antiretroviral medications [ 25 ]. 

 Given the substantial risk of adverse reactions associated 
with systemic immunosuppression, strategies aimed at deliv-
ering pharmaceutical compounds selectively to sites of 
infl ammation could pose an important improvement to the 
therapeutic options in ulcerative colitis. So far, both direct 
rectal application and use of carriers that facilitate drug 
release specifi cally to areas of infl amed mucosa have been 
tested. With respect to the fi rst strategy, a report published in 
2008 presented data from a total of eight patients suffering 
from either ulcerative proctitis, left-sided colitis, or extensive 
ulcerative colitis that had failed previous treatment with oral 
and rectal mesalamine, immunomodulators, and steroids [ 26 ]. 
After 8 weeks of rectal tacrolimus, remission was achieved 
in six out of these eight patients, and steroids could be 
reduced or discontinued in seven patients. Trough serum lev-
els varied between undetectable and concentrations as high 
as 7 ng/ml, and no systemic adverse effects were reported. 
A second case series described a total of 17 patients treated 
with suppositories or enemas prepared from tacrolimus 
capsules. After 4 weeks of therapy, a clinical response was 
observed in 10 out of 12 (83 %) patients suffering from proc-
titis refractory to conventional therapy and 3 out of 5 (60 %) 
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patients with left-sided colitis with a total of 5 patients showing 
mucosal healing by the end of therapy [ 27 ]. Again, no systemic 
side effects were observed with average whole blood trough 
levels of 2.5 and 0.7 ng/ml in patients receiving enemas or 
suppositories containing 2 mg tacrolimus, respectively, 
whereas peak tacrolimus concentrations measured in muco-
sal biopsies exceeded 100 ng/ml on an average. Taken 
together, these data suggest that topical application of tacro-
limus might constitute a promising approach in particular for 
ulcerative proctitis refractory to standard therapy and further 
prospective, randomized studies in this challenging group of 
patients would be highly desirable. 

 It is conceivable, however, that the value of rectally 
administered tacrolimus will be limited when disease extends 
beyond the left fl exure and strategies to modify pharmacoki-
netics in a way that allows selective release of the drug in 
areas of infl amed mucosa might represent an approach better 
suited for these cases. In this respect, it has been noted that 
mucus production is increased in infl amed mucosa, and evi-
dence has been provided that this results in increased adhesion 
and selective accumulation of nanoparticle carriers in these 
areas [ 28 ]. As in addition, both paracellular permeability and 
local density of lymphocytes increase with active infl amma-
tion; these changes might provide a basis for the develop-
ment of carriers able to selectively release immunomodulators 
to infl amed mucosa. Pilot studies with tacrolimus entrapped 
into nanoparticles yielded promising results in two animal 
models of colitis and demonstrated signifi cantly increased 
concentrations of the drug in infl amed tissue as compared to 
healthy mucosa [ 29 ]. Modifi cations of this approach include 
coupling of nanoparticles with pH- sensitive microspheres to 
further increase specifi city of drug delivery to areas of 
actively infl amed mucosa, and although up to now no clinical 
data are available for this approach, animal models provided 
fi rst encouraging results supporting this concept [ 30 ,  31 ]. 

 A key drawback of most studies on the use of tacrolimus 
in ulcerative colitis is the lack of data concerning its 
long- term safety and effi cacy, and neither of the prospective 
randomized trials described above reported follow-up data 
beyond 12 weeks. Several case series tried to address this 
issue by investigating the long-term outcomes of patients in 
which remission was induced by tacrolimus and reported 
colectomy-free rates between 66 and 77.5 % within up to 39 
months [ 13 ,  32 ,  33 ]. While these data indicate that colec-
tomy can be avoided or at least delayed in a substantial per-
centage of patients who achieve remission upon treatment 
with tacrolimus, they do not allow for an assessment of its 
impact on maintaining remission as the majority of patients 
in these studies received maintenance therapy with thiopu-
rines or biologics. To date, the only study investigating a 
potential role for tacrolimus in the maintenance of remission 
is a case series with 24 patients who were either thiopurine 
naive or intolerant (15 patients) or had previously failed 

maintenance therapy with thiopurines (9 patients). Treatment 
with tacrolimus for up to 3 years was compared to a retro-
spective control group of 34 patients receiving thiopurines as 
the standard therapy [ 34 ]. Among the subgroup naive or 
intolerant to thiopurines, remission (as defi ned by a Truelove- 
Witts severity index of 4 or less) was maintained after 1 and 
3 years in 51 % and 19 %, respectively, as compared to 59 % 
and 36 % in patients receiving maintenance therapy with 
azathioprine or 6-MP. Although this difference did not reach 
statistical signifi cance, again presumably due to the insuffi -
cient number of patients included, these observations seem 
to favor the use of thiopurines for maintenance of remission 
over tacrolimus in patients tolerating these compounds. 
Remission rates were even lower for patients who previously 
failed azathioprine therapy (25 % and 0 % after 1 and 3 
years, respectively) with a signifi cantly lower relapse-free 
survival compared to the control group receiving thiopurines 
for maintenance of remission. Adverse events requiring drug 
withdrawal occurred in 16.7 % of patients receiving tacroli-
mus compared to 14.7 % patients in the thiopurine group for 
infections (one patient receiving a combination of tacrolimus 
and azathioprine), rise in serum creatinine levels (tacroli-
mus), or leukopenia, pancreatitis, or nausea (thiopurine 
group). Other side effects observed with long-term tacroli-
mus therapy included tremor and impaired renal function 
(21 % and 17 %, respectively). Another small series demon-
strated that tacrolimus therapy was effective for inducing 
clinical and endoscopic remission of steroid-refractory/
steroid- dependent UC [ 35 ]. Endoscopic improvement was 
associated with favorable medium- and long-term prognosis. 
This study was retrospective and evaluated the medical 
records of 51 patients treated with tacrolimus for ulcerative 
colitis. Clinical remission and improvement were defi ned as 
a Lichtiger score of 4 or less and as a Lichtiger score of ≤10 
and a reduction in the score of ≥3 compared with the base-
line score, respectively. Endoscopic fi ndings were evaluated 
based on the endoscopic activity index and Mayo endoscopic 
score. The endpoint, termed “clinical effectiveness” (as mea-
sured by a combination of clinical remission and improve-
ment), was seen in 62.7 % of the patients at 3 months. 
Thirty-six patients underwent colonoscopy at 3 months, with 
33.3 % (12 patients) and 27.8 % (10 patients) showing Mayo 
endoscopic scores of 0 and 1, respectively. On Kaplan-Meier 
analysis, the overall percentage of event-free survivors, who 
did not require colectomy nor switching to other induction 
therapy such as infl iximab, was 73.0 % at 6 months, 49.9 % 
at 1 year, and 37.8 % at 2 years. Patients with a Mayo endo-
scopic score of 0–1 at 3 months showed signifi cantly better 
medium- and long-term prognosis than those with a score of 
2–3 ( p  < 0.01). Thus the fi nding of early mucosal healing was 
associated with a better long-term prognosis. 

 Therefore, although data are sparse, it appears that tacro-
limus, while showing short-term effi cacy, has only limited value 
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for maintaining remission. Based on the current evidence, 
its place within the therapeutic armamentarium therefore 
resembles that of cyclosporine. It can be used to quickly 
induce remission in severe steroid-refractory ulcerative coli-
tis and serve as a bridging agent until thiopurines started in par-
allel become effective. Caution and tight monitoring are needed 
with this strategy as patients receiving combined immunosup-
pression are particularly prone to infection [ 36 ,  37 ].  

    Sirolimus 

 Sirolimus, another macrolide, was originally named rapamy-
cin after its isolation from a soil sample derived from Easter 
Island (or Rapa Nui in the native language). It is produced by 
 Streptomyces hygroscopicus  and was initially characterized 
as a powerful antifungal compound [ 38 ,  39 ]. Further analy-
ses, however, revealed its potent cytostatic and immunosup-
pressive activities, and as a result, sirolimus and its derivative 
everolimus are currently being used or evaluated for the 
treatment of a variety of pathological conditions including 
certain cancers [ 40 ], graft-versus-host disease [ 41 ], and 
polycystic kidney disease [ 42 ]. Although sirolimus resem-
bles tacrolimus structurally and binds to the same intracel-
lular target FKBP12, its mode of action does not involve 
inhibition of calcineurin signaling. Instead, the sirolimus- 
FKBP12 complex inhibits a serine/threonine kinase termed 
mTOR (for mammalian target of rapamycin) that is of piv-
otal importance for a variety of key developmental and cell 
biological functions [ 7 ,  43 ]. A fast growing body of evidence 
has revealed that this inhibition results in impaired function 
of dendritic cells and reduced T cell proliferation and associ-
ated mTOR signaling with the control of T cell antigen 
responsiveness [ 44 ]. In addition, mTOR has been demon-
strated to have a key role in the regulation of autophagy [ 45 ] 
which in turn emerged as a pivotal component in the patho-
genesis of infl ammatory bowel diseases [ 46 ]. Thus, from a 
pathophysiological point of view, mTOR inhibition might 
hold some potential in the treatment of infl ammatory bowel 
diseases. This is furthermore supported by results from ani-
mal studies in which sirolimus and P2281, a novel mTOR 
inhibitor, effectively improved histologic infl ammation in 
the DSS model of colitis [ 47 ,  48 ]. Moreover, the rapamycin 
derivative everolimus signifi cantly ameliorated colitis in the 
IL10 −/−  model [ 49 ]. However, while case reports published in 
2008 described signifi cant improvement of two Crohn’s dis-
ease patients who previously failed established therapies 
upon treatment with sirolimus [ 50 ] and everolimus [ 51 ], a 
prospective randomized double-blind trial comparing evero-
limus to placebo and azathioprine for the treatment of mod-
erately to severely active Crohn’s disease was prematurely 
terminated for lack of effi cacy [ 52 ]. In this study, a total of 
144 patients were enrolled when an interim analysis after 

7 months suggested that everolimus was not superior to 
placebo for inducing a steroid-free remission. In addition, 
everolimus did not exert a positive effect on disease activity 
markers or quality of life, and 66 % of patients receiving the 
drug discontinued therapy, mostly for lack of effi cacy. Given 
these results, it appears rather unlikely that future studies 
will further investigate mTOR inhibitors in the therapy of 
ulcerative colitis or Crohn’s disease.  

    Mycophenolate Mofetil 

 Mycophenolate mofetil (MMF) is the oral ester prodrug of 
mycophenolic acid (MPA), a compound synthesized by 
 Penicillium brevicompactum  and related species [ 53 ]. MPA 
acts by reversibly inhibiting inosine-5′-monophosphate 
dehydrogenase (IMPDH), thereby preventing de novo gua-
nosine synthesis. The resulting deprivation of deoxyguano-
sine triphosphate ultimately leads to reduced DNA synthesis 
[ 54 ]. Importantly, MPA preferentially inhibits the type II 
isoform of IMPDH that is almost exclusively expressed in 
activated T and B lymphocytes. As, in addition, lympho-
cytes critically depend on the de novo synthesis of guano-
sine triphosphate whereas salvage pathways exist in most 
other cells, MPA is relatively specifi c in its immunosuppres-
sive mode of action and has been widely employed for the 
prevention of allograft rejection following solid organ trans-
plantation [ 55 ]. 

 A potential role for MMF in the treatment of infl amma-
tory bowel diseases was first studied in Crohn’s disease. 
A small open-label single-center randomized trial published 
in 1999 found that treatment of patients suffering from 
 moderately active Crohn’s disease with a combination of 
corticosteroids and MMF induced a Crohn’s disease activity 
index (CDAI) drop comparable to that observed with a com-
bination of corticosteroids and azathioprine [ 56 ]. In contrast, 
patients with an initial CDAI > 300 displayed a signifi cantly 
greater decrease in CDAI during the fi rst month of treatment 
with MMF and prednisolone compared with the azathioprine/
prednisolone group. This advantage, however, was lost as 
treatment continued, probably refl ecting the delayed onset of 
action of azathioprine. Subsequent studies failed to demon-
strate a signifi cant benefi t in the treatment of Crohn’s disease 
[ 57 – 59 ], and a multicenter, international, randomized, dou-
ble-blind, controlled trial to evaluate the effi cacy of MMF in 
refractory Crohn’s disease was prematurely terminated by the 
sponsor (offi cially citing slow recruitment) [ 59 ]. 

 In ulcerative colitis, only a single prospective trial investi-
gating the impact of MMF was published. In this open-label 
study, 24 patients with active ulcerative colitis were ran-
domly assigned to receive a combination of prednisolone 
with either MMF or azathioprine for up to 1 year. Remission 
rates were found to be higher in the azathioprine group 
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throughout the study, and fewer patients receiving MMF 
were able to discontinue steroid treatment. In addition, while 
no severe adverse events were recorded in patients receiving 
azathioprine, 2 out of 12 patients had to be withdrawn from 
the trial in the MMF group for recurrent upper airway infec-
tions and a case of bacterial meningitis [ 60 ]. 

 Experiences with MMF in patients refractory or intolerant 
to azathioprine were described in a retrospective series com-
ing from a single center in the UK. In this study, 6 out of 19 
patients (31 %) treated with MMF achieved steroid-free 
remission, whereas 11 (58 %) failed therapy and 2 (11 %) had 
to discontinue treatment because of side effects. No details on 
the duration of therapy or the frequency of relapses among 
ulcerative colitis patients were given in this report [ 61 ]. 

 While these data, although sparse, might suggest that 
MMF is inferior to azathioprine in the treatment of ulcer-
ative colitis but could represent an alternative option for 
patients intolerant or refractory to thiopurines, long-standing 
experiences with MMF in transplantation medicine revealed 
several key issues excluding its use in infl ammatory bowel 
diseases. Most importantly, MMF has long been known to 
harbor the risk of intestinal mucosal damage itself, which 
includes the induction of colonic ulcerations [ 62 ]. Among 
kidney transplant patients receiving MMF as part of their 
immunosuppressive regime, afebrile, chronic diarrhea 
occurs as one of the most frequent adverse and diffi cult to 
manage events, many times resulting in discontinuation of 
the drug [ 63 ]. Prospective trials investigating this phenom-
enon found that while opportunistic infections were respon-
sible in about 60 % of cases, the rest of the patients exhibited 
an erosive enterocolitis with a Crohn’s disease-like pattern 
that correlated with MPA trough levels and resolved upon 
cessation of MMF (which, however, led to allograft rejec-
tion in a considerable percentage of these patients) [ 64 ]. 
Endoscopic and histologic evaluation of colonic biopsies 
from such patients frequently revealed signs of mucosal 
damage with focal crypt distortion, cryptitis, and increased 
apoptosis being the predominant pattern of injury [ 64 – 66 ]. 
These fi ndings might not be confi ned to patients having 
received a transplant as illustrated by a case series describ-
ing the appearance of an atypical colitis in two out of fi ve 
ulcerative colitis patients treated with MMF. Histologic 
evaluation of biopsies from these patients that received 
MMF doses much lower than that employed in transplant 
medicine revealed features not typical for infl ammatory 
bowel disease but suggestive of a drug- induced colitis simi-
lar to that described in transplant patients [ 67 ]. Furthermore, 
MMF treatment has been associated with a higher incidence 
of lymphoproliferative disorders compared to azathioprine 
[ 68 ], and substantial evidence points to a teratogenic poten-
tial of this compound [ 69 ]. Taken together, MMF should not 
be used in infl ammatory bowel disease.     
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        Introduction 

 Ulcerative colitis (UC) is characterized by recurring epi-
sodes of infl ammation limited to the mucosal layer of the 
colon. Infl ammatory episodes give rise to rectal bleeding, 
diarrhea, and abdominal pain. Most patients with UC can be 
treated successfully with a symptom-focused step-up 
approach comprising 5-aminosalicylates, corticosteroids 
(CS), and immunomodulators, such as azathioprine (AZA) 
and 6-mercaptopurine (6-MP) [ 1 ]. However, a population- 
based cohort study in 1994 showed that with these treatment 
modalities, UC remained active in up to 50 % of patients 
throughout follow-up and approximately 20 % required col-
ectomy [ 2 ]. Furthermore, approximately 15 % of UC patients 
will have a severe UC attack requiring hospitalization during 
their illness and are treated primarily with high doses of 
intravenous (IV) CS [ 3 ,  4 ]. Despite IV CS, patients with 
severe attacks have a high colectomy rate varying from 38 to 
47 % [ 5 ,  6 ]. In addition, cyclosporine A (CsA) has been vali-
dated as an effi cacious treatment in acute severe IV steroid- 
refractory UC, but its use is frequently associated with 
toxicity and only seems to postpone an inevitable colectomy 
[ 7 – 9 ]. In the past decade, agents directed against tumor 
necrosis factor (TNF) have been introduced successfully in 

the treatment of patients with moderate-to-severe and acute 
severe IV steroid-refractory UC. 

 Most studies with infl iximab (IFX) have focused on 
Crohn’s disease (CD), which is believed to be a typical 
T-helper 1-type disease driven by proinfl ammatory cytokines 
such as IL12, IFN-γ (gamma), and TNF. In contrast to CD, UC 
has historically been considered a T-helper 2-driven disease, 
with a less prominent role for TNF. However, two lines of evi-
dence suggest an important role of TNF in UC pathogenesis. 
First, increased levels of TNF and/or TNF receptors were 
found in colonic mucosa, colon perfusates, rectal dialysate, 
stools, serum, and urine of patients with active UC [ 10 – 18 ]. 
Second, CDP571, a monoclonal antibody directed against 
human TNF-α (alpha), signifi cantly improved UC-like colitis 
in the cotton-top tamarin [ 19 ]. Therefore, several investigators 
started clinical trials to evaluate the effi cacy of IFX in patients 
with UC. 

 This chapter will focus on the experience with IFX in the 
management of UC. Data on the use of IFX during pregnancy 
(Chap.   24    ), the use of IFX in a pediatric setting (Chap.   26    ), 
the use of IFX for CD-related complications of the pouch 
(Chap.   31    ), the perioperative use of IFX (Chap.   34    ), and other 
safety issues (Chap.   27    ) are reported elsewhere in this 
handbook.  

    Open-Label Randomized 
Corticosteroids- Controlled Trials 
of Infl iximab in UC 

 Several open-label clinical trials evaluated the effi cacy of 
IFX in UC, providing a rational for subsequent randomized 
controlled trials (Fig.  15.1 ) [ 20 – 24 ]. Two small randomized 
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open-label trials compared IFX with CS for the treatment of 
UC. In an Italian paper by Armuzzi et al. IFX was as effec-
tive as CS for the management of 20 patients with steroid- 
dependent moderate-to-severe UC [ 25 ]. In a German paper 
by Ochsenkuhn et al. 13 patients with acute severe UC were 
able to achieve remission if started on IFX [ 26 ]. Drawing 
conclusions from these two studies is diffi cult, since they 
both were clearly underpowered.

       Initial Randomized Placebo-Controlled Trials 
with Infl iximab in UC 

 Between 2000 and 2005, fi ve randomized double-blind 
placebo- controlled trials with IFX in patients with moderate-
to- severe UC were published [ 27 – 30 ]. The initial three trials 
provided confl icting results, but were underpowered mainly 
due to slow patient enrollment [ 31 ]. Furthermore, comparison 

between the different trials is diffi cult due to the heterogeneous 
patient populations and the different endpoints used. 

 In a pilot study by Sands et al. 11 (of 60 planned) patients 
with severe, active IV steroid-refractory UC were random-
ized to receive a single intravenous infusion of placebo or 
IFX at a dose of 5, 10, or 20 mg/kg body weight [ 27 ]. Patients 
had to have active disease for at least 2 weeks (modifi ed 
Truelove and Witts >10) and have received at least 5 days of 
IV CS prior to randomization. The primary endpoint used in 
this trial was treatment failure at week 2, defi ned as absence 
of clinical response (modifi ed Truelove and Witts <5 and 5 
point reduction compared to baseline), increase in CS dos-
age, addition of immunosuppressive agents, colectomy, or 
death. Treatment failure occurred in all three patients ran-
domized to placebo, compared to four out of eight patients 
randomized to IFX. No signifi cant adverse events were 
observed. 

 A second randomized placebo-controlled trial by Probert 
et al. was conducted in 43 patients with active UC (ulcerative 

  Fig. 15.1    Mucosal healing 14 weeks after introduction of infl iximab. Endoscopic images of the sigmoid at baseline ( upper panel ) and at week 14 
( lower panel ) in a patient receiving infl iximab 5 mg/kg body weight at baseline, week 2 and week 6       
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colitis symptom score or UCSS ≥6 and Baron endoscopy 
score ≥2) who failed treatment with CS (≥30 mg predniso-
lone or equivalent) for at least 1 week [ 28 ]. Patients were 
randomized to receive an infusion with IFX 5 mg/kg body 
weight or placebo at week 0 and 2. Clinical remission was 
defi ned as a UCSS ≤2, while sigmoidoscopic remission was 
defi ned as a Baron score of 0. At week 6, no signifi cant 
 difference was observed in clinical (39 % vs. 30 %,  p  = 0.76) 
or sigmoidoscopic remission rates (26 % vs. 30 %,  p  = 0.96) 
between the IFX and placebo groups. Furthermore, no signifi -
cant difference was observed in sigmoidoscopic remission. 
The two reported serious adverse events (sepsis and colec-
tomy) occurred in the placebo group. 

 A third trial by Jarnerot et al. included 45 (of the 70 
planned) patients with severe to moderately severe UC [ 29 ]. 
Patients were randomized to one single infusion of IFX at a 
dose of 4–5 mg/kg body weight or placebo either at day 4 
after initiation of CS treatment if they fulfi lled the index cri-
teria for fulminant UC on day 3 (fulminant colitis index ≥8, 
 n  = 28) or on days 6–8 if they fulfi lled index criteria for a 
severe or moderately severe acute attack of UC on days 5–7 
(Seo index >150,  n  = 17). Within 90 days after randomiza-
tion, colectomy occurred less frequently in patients random-
ized to IFX compared to placebo (29 % vs. 67 %,  p  = 0.017). 
After 3 years of follow-up, colectomy was observed in 50 % 
of patients randomized to IFX compared to 76 % random-
ized to placebo ( p  = 0.012) [ 32 ]. Of note, sub-analysis of the 
initial data showed that the difference was only signifi cant in 
the patients with a severe or moderately severe attack of UC 
randomized on days 6–8 [ 29 ]. Interestingly, none of the eight 
patients achieving endoscopic remission at 3 months under-
went colectomy within the 2-year follow-up period com-
pared to 50 % of patients who did not achieve endoscopic 
remission ( p  = 0.02) [ 32 ].  

    The ACT1 and ACT2 Trials 

 The two largest studies in patients with moderate-to-severe 
UC, the active ulcerative colitis trials 1 and 2 (ACT1 and 
ACT2), were conducted in parallel and published in 2005 by 
Rutgeerts et al. [ 30 ]. In each study, 364 outpatients with 
moderate-to-severe colitis (total Mayo score ≥6 points with 
an endoscopic sub-score of ≥2) were included. Patients were 
refractory to CS and/or thiopurines (ACT1) or refractory to 
at least one standard therapy including 5-aminosalicylates, 
CS, and/or thiopurines (ACT2). 

 Patients were randomized to receive IV placebo or IFX 5 
or 10 mg/kg body weight for 22 weeks in ACT2 or 46 weeks 
in ACT1. Clinical response was defi ned as a decrease from 
baseline in total Mayo score of ≥3 points and ≥30 % with an 
accompanying decrease in the sub-score for rectal bleeding 
of ≥1 point or absolute rectal bleeding sub-score ≤1 point. 
Clinical remission was defi ned as a total Mayo score of ≤2 
points, with no individual sub-score exceeding 1 point. Mucosal 
healing was defi ned as an absolute endoscopic sub- score of 
0 or 1 point. 

 As depicted in Table  15.1 , both in ACT1 and ACT2, clinical 
response, clinical remission, and mucosal healing were sig-
nifi cantly more frequently observed at week 8 in patients 
randomized to IFX (both 5 and 10 mg/kg body weight) com-
pared to placebo. Furthermore, differences remained signifi -
cant at week 30 (ACT1 and ACT2) and week 54 (ACT1). 
Of note, the proportion of serious adverse events was similar 
in all groups (Table  15.2 ).

    Further studies using the ACT1 and ACT2 study popula-
tion clearly showed that IFX is able to alter the course of UC 
with an improvement in hospitalization rates, colectomy 
rates, and quality of life. Sandborn et al. reported on the 

 ACT1  ACT2 

 Placebo 
( n  = 121) 

 IFX 5 mg/kg 
( n  = 121) 

 IFX 10 mg/kg 
( n  = 122) 

 Placebo 
( n  = 123) 

 IFX 5 mg/kg 
( n  = 121) 

 IFX 10 mg/kg 
( n  = 120) 

  Clinical response  
 Week 8  37.2 %  69.4 %  61.5 %  29.3 %  64.5 %  69.2 % 
 Week 30  29.8 %  52.1 %  50.8 %  26.0 %  47.1 %  60.0 % 
 Week 54  19.8 %  45.5 %  44.3 %  –  –  – 
  Clinical remission  
 Week 8  14.9 %  38.8 %  32.0 %  5.7 %  33.9 %  27.5 % 
 Week 30  15.7 %  33.9 %  36.9 %  10.6 %  25.6 %  35.8 % 
 Week 54  16.5 %  34.7 %  34.4 %  –  –  – 
  Mucosal healing  
 Week 8  33.9 %  62.0 %  59.0 %  30.9 %  60.3 %  61.7 % 
 Week 30  24.8 %  50.4 %  49.2 %  30.1 %  46.3 %  56.7 % 
 Week 54  18.2 %  45.5 %  46.7 %  –  –  – 

   IFX  infl iximab 
 Adapted from: Rutgeerts P, Sandborn WJ, Feagan BG et al. Infl iximab for induction and 
maintenance therapy for ulcerative colitis. N Engl J Med 2005;353:2462–76 [ 30 ]  

   Table 15.1    Clinical response 
rates and mucosal healing rates 
in the ACT (active ulcerative 
colitis) trials   
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1-year colectomy and hospitalization rates (Table  15.2 ) [ 33 ]. 
Complete follow-up was available in 87 % of the patients. 
The cumulative incidence of colectomy through week 54 
was 10 % for the combined IFX group and 17 % for the pla-
cebo group ( p  = 0.02). Looking at the subgroups, the differ-
ence was only signifi cant between IFX 10 mg/kg body 
weight and placebo ( p  = 0.007). However, one should take 
into account that patients were allowed to receive rescue 
commercial IFX. Commercial IFX was used by 11 % of 
patients in the placebo group compared with 6 % in the com-
bined IFX group. Therefore, rescue therapy with commercial 
IFX was evaluated as a potential confounder to the colec-
tomy analysis. Post hoc analysis of the time to colectomy or 
use of commercial IFX demonstrated that both IFX 5 mg/kg 
and 10 mg/kg body weight signifi cantly reduced the inci-
dence rates of colectomy or the use of commercial IFX com-
pared with placebo ( p  = 0.001 and  p  < 0.001, respectively). 
Furthermore, a signifi cantly reduced number of UC-related 
hospitalizations per 100 patient-years was observed for both 
IFX groups compared with placebo (21 for IFX 5 mg/kg, 19 
for IFX 10 mg/kg body weight, and 40 for placebo,  p  = 0.02 
and  p  = 0.007). 

 Further analysis of the ACT1 and ACT2 data showed a 
signifi cant and rapid improvement in health-related quality 
of life evaluated by both the Infl ammatory Bowel Disease 
Questionnaire (IBDQ) and the 36-item short form health sur-
vey (SF-36) [ 34 ]. Improvement in all components of the 
IBDQ and SF-36 were signifi cantly greater in both IFX 
groups compared to the placebo group (Table  15.2 ). 
Furthermore, continued improvement in health-related quality 
of life was maintained throughout the study period (54 weeks 
in ACT1 and 30 weeks in ACT2). 

 A recently published sub-analysis by Colombel et al. 
highlighted the benefi t of achieving early mucosal healing 
[ 35 ]. Lower endoscopy sub-scores at week 8 were associated 
with increased rates of symptomatic remission, steroid-free 
symptomatic remission, mucosal healing, and colectomy- 
free survival at weeks 30 and 54 (Table  15.3 ). The Kaplan–
Meier curves for colectomy survival separated as early as 8 
weeks for IFX-treated patients who achieved mucosal 
 healing at week 8 (Mayo endoscopic sub-score 0 or 1) when 
compared with those who did not ( p  < 0.001). No signifi cant 
separation was observed between patients with a sub-score 
of 0 and those with a sub-score of 1 ( p  = 0.87), suggesting 

     Table 15.2       UC-related hospitalization, colectomy, quality of life, and adverse events in the ACT (active ulcerative colitis) trials   

 Pooled ACT1 and ACT2 

 Placebo ( n  = 244)  IFX 5 mg/kg ( n  = 242)  IFX 10 mg/kg ( n  = 242)  Combined IFX ( n  = 484) 

  UC-related hospitalization  
 Within 54 weeks (%)  25 %  16 %  15 %  16 % 
 Events per 100 patient-years (n)  40  21  19  20 
  Colectomy  
 Within 54 weeks (%)  17 %  12 %  8 %  10 % 
  Mean ± SD change in IBDQ week 8  
 Bowel  7.9 ± 9.7  14.5 ± 11.7  13.0 ± 11.8  13.7 ± 11.8 
 Emotional  6.2 ± 10.6  12.7 ± 12.6  11.3 ± 12.6  12.0 ± 12.6 
 Systemic  3.0 ± 4.8  5.7 ± 5.9  5.2 ± 5.8  5.4 ± 5.9 
 Social  3.8 ± 6.0  7.4 ± 8.0  6.2 ± 7.1  6.8 ± 7.5 
  Mean ± SD change in SF-36 week 8  
 Physical functioning  6.0 ± 17.3  12.8 ± 19.3  9.1 ± 18.3  11.0 ± 18.9 
 Role-physical  22.4 ± 39.7  29.6 ± 41.0  32.6 ± 44.1  31.1 ± 42.5 
 Bodily pain  13.1 ± 24.7  20.2 ± 22.5  19.8 ± 24.3  20.0 ± 23.4 
 General health  5.6 ± 15.8  10.0 ± 16.9  10.8 ± 19.4  10.4 ± 18.1 
 Vitality  11.5 ± 20.7  16.6 ± 22.0  20.0 ± 22.7  18.3 ± 22.3 
 Social functioning  15.8 ± 24.8  21.2 ± 24.8  20.9 ± 27.1  21.0 ± 25.9 
 Role-emotional  12.4 ± 47.6  15.5 ± 46.1  21.1 ± 44.7  18.2 ± 45.4 
 Mental health  5.0 ± 18.4  10.6 ± 17.5  10.4 ± 18.8  10.5 ± 18.2 
  Adverse events within 54 weeks  
 Any adverse event (%)  196 (80)  208 (86)  209 (86)  417 (86) 
 Any serious adverse event (%)  57 (23)  43 (18)  46 (19)  89 (18) 
 Any infection (%)  80 (33)  94 (39)  100 (41)  194 (40) 
 Any serious infection (%)  6 (2)  7 (3)  12 (5)  19 (4) 

  Adapted from Colombel JF, Rutgeerts P, Reinisch W et al. Early mucosal healing with infl iximab is associated with improved long-term clinical 
outcomes in ulcerative colitis. Gastroenterology 2011;141:1194–201 [ 35 ]  
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that achieving complete mucosal healing (absence of all 
endoscopic abnormalities) may not be mandatory to alter the 
course of the disease.

   A total of 229 of 484 IFX-treated patients from the ACT1 
and ACT2 trials entered a long-term extension cohort study 
published by Reinisch et al. [ 36 ]. During a median follow-up 
of 128 weeks, 70 patients who entered the extension phase 
(31 %) discontinued IFX administration. In 12 patients, this 
was due to a lack of effi cacy (5 %), while 24 patients discon-
tinued IFX due to adverse events (10 %). During this exten-
sion phase, no new or unexpected safety signals were 
observed.  

    The Benefi t of Combination Therapy in UC 

 In patients with CD naïve to immunomodulatory and bio-
logical therapy, the SONIC trial has clearly shown a benefi t 
of using combination therapy with both IFX and AZA in 
inducing CS-free clinical remission and mucosal healing 
[ 37 ]. In UC such a benefi t is less clear. The unpublished 
double- blind randomized controlled UC success trial 
included 231 patients with moderate-to-severe UC (Mayo 
score ≥6) who had failed CS and were either naïve to AZA 

or had stopped AZA ≥3 months prior to inclusion [ 38 ]. 
Patients were randomized to receive AZA monotherapy, IFX 
monotherapy, or a combination therapy with both AZA and 
IFX. At week 8, nonresponders (Mayo score reduction <1 
point) in the AZA arm were eligible for rescue therapy with 
IFX. At week 16, a signifi cantly greater proportion of patients 
in the combination group achieved steroid-free remission 
(total Mayo score ≤2), clinical response (decrease in total 
Mayo score of ≥3 points and ≥30 %), and mucosal healing 
(Mayo endoscopic sub-score 0 or 1) compared to the AZA 
group. A difference between combination therapy with IFX 
and AZA and monotherapy with IFX was only seen for 
steroid-free clinical remission (40 % vs. 22 %,  p  = 0.017), but 
not for clinical response (77 % vs. 69 %,  p  = 0.514) or mucosal 
healing (63 % vs. 55 %,  p  = 0.295). Based on these data, an 
early introduction of IFX in combination with a thiopurine 
could be advocated in UC. However, overtreatment with pos-
sible severe adverse events warrants further characterization 
of a population at risk for a more complicated disease behavior. 
In contrast to CD, risk factors for a more complicated disease 
behavior are poorly defi ned in UC.  

    Long-Term Outcome in Open-Label 
Cohort Studies 

 Several investigators evaluated the long-term outcome 
including colectomy-free survival in UC patients treated 
with IFX (Table  15.4 ). In the fi rst long-term outcome study 
from Oxford, 30 patients receiving IFX for UC were fol-
lowed for a median of 13 months [ 39 ]. During follow-up, 16 
patients (53 %) needed colectomy, while only fi ve achieved 
steroid-free clinical remission. However, no fi xed mainte-
nance IFX treatment was provided in these patients.

   A large cohort from Leuven included 217 consecutive 
patients who received IFX for moderate-to-severe UC or 
acute IV steroid-refractory UC [ 40 ]. Initial response to IFX 
was observed in 73 % of patients. After a median follow-up 
of 43 months, 50 % of patients showed sustained clinical 
response, while 18 % needed colectomy. Furthermore, 70 % 
of patients under CS therapy at baseline were able to stop 
this therapy by the end of follow-up. 

 In a French retrospective multicentric study, 191 UC 
patients receiving IFX therapy were followed for a median of 
18 months [ 41 ]. Primary nonresponse was observed in 22 % 
of patients. IFX optimization was required in 45 % of patients 
on maintenance therapy with IFX. In the end, 36 patients 
(19 %) underwent colectomy. 

 In a retrospective Danish study including UC patients 
from three different hospitals, 39 % of 56 patients treated 
with IFX for steroid-refractory UC needed colectomy during 
a median follow-up of 538 days [ 42 ]. Most patients, how-
ever, did not receive complete induction (IFX weeks 0, 2, 

   Table 15.3    Short-term endoscopic response as predictor of long-term 
outcome in the ACT (active ulcerative colitis) trials   

 Mayo endoscopic sub-score at week 8 

 Score 0 
( n  = 120) 

 Score 1 
( n  = 175) 

 Score 2 
( n  = 127) 

 Score 3 
( n  = 62)   p -value 

  Outcome week 30 IFX-treated patients  
 Clinical remission  71 %  51 %  23 %  10 %  <0.0001 
 Steroid-free clinical 
remission 

 46 %  34 %  11 %  7 %  <0.0001 

 Mucosal healing  83 %  67 %  26 %  10 %  <0.0001 
  Outcome week 54 IFX-treated patients  
 Clinical remission  73 %  47 %  24 %  10 %  <0.0001 
 Steroid-free clinical 
remission 

 47 %  35 %  5 %  5 %  <0.0001 

 Sustained mucosal 
healing (week 30 
and 54) 

 77 %  54 %  21 %  7 %  <0.0001 

 Colectomy-free 
survival 

 95 %  95 %  87 %  80 %  =0.0004 

 Colectomy-and 
commercial 
IFX-free survival 

 92 %  92 %  84 %  69 %  <0.0001 

   p  < 0.005 compared with the placebo group;  IFX  infl iximab 
 Adapted from Rutgeerts P, Sandborn WJ, Feagan BG et al. Infl iximab 
for induction and maintenance therapy for ulcerative colitis. N Engl J 
Med 2005;353:2462–76 [ 30 ], Sandborn WJ, Rutgeerts P, Feagan BG 
et al. Colectomy rate comparison after treatment of ulcerative colitis 
with placebo or infl iximab. Gastroenterology 2009;137:1250–60 [ 33 ], 
Feagan BG, Reinisch W, Rutgeerts P et al. The effects of infl iximab 
therapy on health- related quality of life in ulcerative colitis patients. 
Am J Gastroenterol 2007;102:794–802 [ 34 ]  

15 Infl iximab for Ulcerative Colitis



180

and 6) or maintenance therapy with IFX every 8 weeks. In a 
similar study from the Herlev Hospital in Denmark, colectomy 
was observed in 27 % of 52 patients after a median follow-up 
of 22 months [ 43 ]. 

 In a retrospective multicentric Italian study including 83 
patients with acute severe IV steroid-refractory colitis, 25 
patients (30 %) needed colectomy during a median follow-
 up of 23 months [ 44 ]. Finally, in a rather short-term retro-
spective multicentric Spanish study, 10.6 % of 47 patients 
treated with IFX for UC needed colectomy during a median 
follow-up of 5 months [ 45 ].  

    Predictors of Short-Term Outcome 

 In a monocentric retrospective study including the fi rst 100 
UC patients treated with IFX in Leuven, independent predic-
tors of absence of short-term response were a pANCA+/
ASCA- status and an older age at fi rst IFX infusion [ 46 ]. 
However, these predictors could not be confi rmed in an 
update of this cohort [ 40 ,  47 ]. In a French retrospective mul-
ticentric study, a baseline hemoglobin level ≤9.4 g/dL was 
an independent predictor of primary nonresponse to IFX 
[ 41 ]. In a German study including 90 patients with UC 
treated with IFX, a low clinical activity index at baseline, 
presence of ANCA antibodies, and presence of IL23R vari-
ants were independent predictors of absence of short-term 
response to IFX [ 48 ]. 

 In a Scottish trial evaluating the effi cacy of IFX in patients 
with acute severe IV steroid-refractory UC, higher colec-
tomy rates at day of discharge were observed in patients with 
a serum albumin level <34 g/L at day 3 of IV CS [ 49 ]. 

 The predictive value of fecal calprotectin (FC) levels was 
evaluated in a prospective multicentric Belgian study includ-
ing 53 patients with active UC treated with IFX 5 mg/kg 
body weight at weeks 0, 2, and 6 [ 50 ]. A signifi cant decrease 
of FC levels between baseline and week 2 was predictive 
of endoscopic remission at week 10 (Mayo endoscopic 
sub- score 0 or 1). 

 Finally, by using Affymetrix Human Genome microar-
rays, Arijs et al. compared the colonic mucosal gene expres-
sion from patients with UC responding and not responding 
to an induction therapy with IFX [ 51 ]. Among the top fi ve 
differentially expressed genes were IL13Rα2 (alpha2) and 
IL11 which were both signifi cantly higher expressed at 
baseline in UC short-term nonresponders compared to 
responders (Mayo endoscopic sub-score 0 or 1 and histo-
logical activity score 0 or 1). The authors could not confi rm 
the previously reported higher mean baseline colorectal 
TNF-α (alpha) expression in patients not achieving clinical 
remission [ 52 ]. Recently, Rismo et al. observed higher gene 
expression levels of IL17A and IFN-γ (gamma) in the 
colonic mucosa of UC patients who achieved remission 
(UC-DAI <3 with endoscopic sub-score 0 or 1) after three 
IFX infusions [ 53 ]. 

 Importantly, none of the proposed predictors of short- term 
outcome have been confi rmed in other trials.  

    Predictors of Long-Term Outcome 

 Proposed predictors of long-term colectomy risk are 
depicted in Table  15.4 . Several investigators showed that in 
outpatients with moderate-to-severe colitis as well as in 

    Table 15.4    Long-term outcome and predictors of colectomy   

 Center 
 Number 
of patients  Indication 

 Median 
follow-up  Colectomy  Predictors of colectomy 

 Oxford, UK [ 39 ]  30  All UC  13 months  53.3 %  1. Younger age at diagnosis 
 Leuven, Belgium [ 40 ]  217  All UC  43 months  18.4 %  1. Baseline CRP ≥5 mg/L 

 2. Absence of short-term clinical response 
 3. Absence of short-term mucosal healing 
 4. Absence of short-term CRP normalization L 
 5. Previous IV treatment with CS or CsA 
 6. A MDR1 3435TT genotype 

 Multicentric, France [ 41 ]  191  All UC  18 months  18.8 %  1. Absence of short-term clinical response 
 2. Baseline CRP ≥10 mg/L 
 3. Previous treatment with CsA 
 4. IFX for acute severe UC 

 Multicentric, Spain [ 45 ]  47  All UC  5 months  10.6 %  1. More extensive disease 
 Herlev, Denmark [ 43 ]  52  All UC  22 months  26.9 %  None identifi ed 
 Multicentric, Denmark [ 42 ]  56  Acute severe UC  18 months  39.3 %  None identifi ed 
 Multicentric, Italy [ 44 ]  83  Acute severe UC  23 months  30.1 %  None identifi ed 
 Multicentric, Scotland [ 49 ]  39  Acute severe UC  7 months  38.4 %  None identifi ed 

   UC  ulcerative colitis  
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hospitalized patients treated with IFX for acute severe IV 
steroid-refractory colitis, both clinical response and mucosal 
healing on the short-term were predictive of colectomy-free 
survival on the long term [ 32 ,  35 ,  40 ,  41 ]. 

 Furthermore, there is direct and indirect evidence that 
patients with more severe UC have a worse outcome. In a 
French retrospective multicentric study, IFX administrated 
for acute severe IV steroid-refractory colitis was a predictor 
for both UC-related hospitalization and colectomy [ 41 ]. 
An elevated baseline CRP and the absence of a normaliza-
tion of CRP levels on the short-term have been associated 
with the need for colectomy on the long term [ 40 ,  41 ,  47 ]. 
Furthermore, the previous need of IV CS and/or CsA has also 
been associated with a higher colectomy risk [ 40 ,  41 ,  47 ]. 

 In the French retrospective multicentric study, a shorter 
disease duration prior to start of IFX was associated with a 
worse outcome as suggested by a higher hospitalization but 
not colectomy rate [ 41 ]. Finally, in a Spanish retrospective 
study, extent of disease was predictive of colectomy [ 45 ]. 
However, in the larger Belgian and French long-term cohort 
studies, extent of disease was not a risk factor. 

 As in CD, higher IFX serum levels have been reported to 
be associated with a better long-term outcome of IFX-treated 
patients. In a Canadian trial by Seow et al. 115 patients with 
UC were followed for a median of 5 months. Detectable 
serum IFX levels were associated with higher clinical remis-
sion rates (69 % vs. 15 %,  p  < 0.001), higher endoscopic 
improvement rates (76 % vs. 28 %,  p  < 0.001), and lower col-
ectomy rates (7 % vs. 55 %,  p  < 0.001) [ 54 ]. Further studies 
are ongoing to conclude on the predictive role of measuring 
serum IFX levels. 

 In addition, a Finnish study showed that a normalization 
of FC levels (≤100 μg/g) after induction therapy with anti- TNF 
agents was predictive of sustained clinical remission after 
1 year [ 55 ].  

    Cyclosporine Versus Infl iximab for Acute 
Severe IV Steroid-Refractory Colitis 

 The landmark Scandinavian data by Jarnerot et al. suggested 
a benefi t of IFX in patients with acute severe IV steroid- 
refractory colitis [ 29 ]. However, sub-analysis of the provided 
data showed that the difference was only signifi cant in 
patients with a severe or moderately severe attack of UC ran-
domized on days 6–8 but not in those with fulminant colitis. 
Furthermore, a multicentric retrospective observational 
study suggested a better short-term colectomy-free survival 
in patients treated with CsA compared to those treated with a 
single infusion of IFX [ 56 ]. Based on these data, some inves-
tigators advocate the use of CsA over IFX in patients with 
acute severe IV steroid-refractory colitis. However, other 
investigators prefer to use IFX due to the high long-term col-

ectomy rates and the risk of severe adverse events in patients 
treated with CsA [ 7 – 9 ]. 

 The fi rst head-to-head comparison of IV CsA and mainte-
nance IFX was recently reported by Laharie et al. [ 57 ]. In this 
open-label CYS-IFX trial, 111 patients were randomized to 
(1) receive IV CsA at an initial dose of 2 mg per kg body 
weight, adapted to serum levels between 150 and 250 ng/mL 
which was switched to oral treatment in patients with clinical 
response at day 7, or (2) infuse with IFX 5 mg per kg body 
weight, followed by sequent infusions at weeks 2 and 6 in 
patients with clinical response at day 7. In both arms, CS 
were switched to oral therapy and progressively tapered once 
the patient achieved clinical response, while AZA was added 
at day 8 in those not yet on thiopurines. The composite pri-
mary endpoint was treatment failure defi ned by (1) absence 
of clinical response at day 7; (2) relapse between days 7 and 
98; (3) mortality, colectomy, or any other severe adverse 
event leading to treatment interruption between days 0 and 
day 98; and (4) absence of steroid-free remission at day 98. 
The primary endpoint was achieved in 60 % of the patients 
randomized to CsA and 54 % of patient randomized to IFX, 
a difference which was not signifi cantly different ( p  = 0.49). 
Furthermore, response rate at day 7 was similar (85 % CsA 
vs. 86 % IFX,  p  = 0.97) as well as the colectomy-free survival 
during the fi rst 98 days ( p  = 0.66) and the occurrence of 
severe adverse events. 

 In our center, the use of IFX is preferred over CsA based on 
the available long-term effi cacy and safety data and the better 
outcome in patients previously having failed AZA [ 58 ]. 

 Finally, sequential use of both CsA and IFX should not be 
recommended because of the signifi cant potential toxicity 
[ 59 ,  60 ]. Concomitant therapy with both these drugs is con-
traindicated for the same reason.  

    Managing Loss of Response to Infl iximab 

 In randomized controlled trials, primary nonresponse to IFX 
was present in 10–30 % of patients. A key question is the time 
point and the method for defi ning nonresponse. We advocate 
to perform a sigmoidoscopy no later than at week 14 prior to 
the fourth infusion of IFX and this regardless of the presence 
of clinical symptoms. Although there is clear evidence that 
mucosal healing on the short-term has a signifi cant infl uence 
on the long-term outcome [ 35 ,  40 ], it needs to be explored if 
IFX therapy should be intensifi ed in asymptomatic patients 
who did not achieve mucosal healing on the short term. 
As mentioned below, we advocate the use of serum IFX levels 
to guide treatment intensifi cation in such a scenario. 

 Secondary nonresponse affects approximately 30 % of 
patients during the fi rst year of therapy and may be due to 
altered clearance of drug, neutralizing antibodies or biological 
escape mechanisms. In our center, the optimal strategy in 
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patients with loss of response to IFX depends on the results 
of serial measurements of IFX serum levels and antibodies 
to IFX (ATI) [ 61 ]. In patients with low IFX serum levels 
(<3 μg/mL) and absent or low ATI antibodies (<8 μg/mL), 
IFX therapy can be optimized by increasing the dose (up to 
10 mg/kg body weight in adults) or shortening the interval 
between IFX infusion (up to every 4 weeks). In symptomatic 
patients with normal or high IFX serum levels, disease activ-
ity should be confi rmed by sigmoidoscopy and if present, a 
switch to a non-anti-TNF agent is warranted. Finally, in 
patients with high ATI antibodies, switch to another anti-
TNF agent or a non-anti-TNF agent is necessary. 

 Patients with UC who had to switch from IFX to adalim-
umab (ADA) due to loss of response or intolerance seem to 
have somewhat lower clinical remission rates after initiation 
of ADA therapy than patients who were anti-TNF naïve. 
In ULTRA 2, patients with moderate-to-severe UC (total 
Mayo score ≥6 points with an endoscopic sub-score of ≥2) 
were randomized to receive either ADA 160 mg at week 0, 
80 mg at week 2, and then 40 mg every other week or pla-
cebo [ 62 ]. In 295 anti-TNF patients, clinical remission 
(Mayo score ≤2 with no individual sub-score >1) at week 8 
and week 52 was observed in 21.3 % and 22.0 % of ADA-
treated patients, while in 199 patients previously exposed to 
anti-TNF, clinical remission at week 8 and week 52 was 
observed in 9.2 % and 10.2 % of ADA-treated patients. In a 
cohort study from Leuven including 50 UC patients who had to 
switch from IFX to ADA for loss of response or intolerance, 
52 % patients achieved a durable response, while 20 % needed 
colectomy during a median follow-up of 23 months [ 63 ].  

    When to Stop Infl iximab? 

 Once started with maintenance anti-TNF therapy, it is not 
clear when this therapy can be stopped. In CD, the STORI 
trial showed a relapse rate of 50 % in patients who had been 
treated with IFX for at least 1 year and continued their immu-
nomodulatory agent [ 64 ]. However, a group of CD patients 
with a low risk of relapse could be identifi ed (absence of 
surgical resections, low leukocyte count, low CRP, low FC, 
mucosal healing). A similar stratifi cation still needs to be 
explored for patients with UC.  

    Conclusion 

 The results from the ACT trials were a major breakthrough for 
the treatment of patients with moderate-to-severe UC. It was 
shown that patients under IFX were not only able to achieve 
and maintain clinical remission; IFX use was also associated 
with higher mucosal healing rates leading to lower hospital-
ization and lower surgery rates. 

 In parallel, there is increasing evidence for the use of IFX 
in patients with acute severe IV steroid-refractory colitis. 
However, more controlled data with a longer follow-up are 
awaited to conclude superiority over CsA in this setting. 

 Finally, in independent long-term cohort studies, it was 
shown that patients with a higher disease activity (suggested 
by CRP at baseline and previous treatment with IV CS and/
or CsA) and patients with absence of short-term clinical, 
biological, or endoscopic response were more at risk for col-
ectomy. Therefore, in patients with UC treated with IFX, we 
suggest to perform a sigmoidoscopy early. In patients who 
do not achieve mucosal healing by week 14 and display good 
serum IFX levels, the drug should be discontinued.     
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     The era of biologic therapy for infl ammatory bowel disease 
(IBD) was launched in 1998 with the Food and Drug 
Administration’s (FDA) approval of infl iximab (IFX), a chi-
meric monoclonal antibody to tumor necrosis factor-alpha 
(TNF-α), for Crohn’s disease (CD) [ 1 ]. However, it was not 
until 2005, after the results of several open-label clinical 
studies [ 2 – 5 ] and of the ACT1 and ACT2 trials [ 6 ] of IFX for 
treatment of moderate to severe ulcerative colitis (UC), that 
this agent was approved for therapy of UC. In a recent meta- 
analysis, it was estimated that the number of patients with 
UC needed to treat with IFX to achieve one remission was 
only four [ 7 ]. However, as experience with using anti-TNF-α 
agents in CD has shown, the development of loss of response 
or intolerance to an initial anti-TNF-α agent, partly due to 
immunogenic effects, is a real problem and having other 
choices for blocking TNF-α is advantageous [ 8 – 10 ]. Since 
2012, the FDA has approved two other anti-TNF-α antibodies, 
adalimumab and golimumab, for the treatment of UC. In this 
chapter, we will review the evidence supporting the use of 
these agents for UC therapy. 

    Adalimumab for Ulcerative Colitis 

 Adalimumab (Humira, Abbott Laboratories, Abbott Park, IL) 
(ADA) is a fully humanized recombinant monoclonal anti-
body (human IgG1 heavy chain and kappa light chain variable 
regions) with specifi c and high-affi nity binding to soluble and 
transmembrane forms of TNF-α. Clinical trials demonstrated 
that ADA was effective in inducing and maintaining remission 
in CD including in patients who were naïve to IFX or had 
previously responded to IFX and then lost response or became 
intolerant [ 11 – 18 ]. The FDA had previously approved ADA to 
treat rheumatoid arthritis (2002), psoriatic arthritis (2005), 
ankylosing spondylitis (2006), CD (2007), plaque psoriasis 
(2008), and juvenile idiopathic arthritis (2008) and then 
approved it for the treatment of UC in September 2012. 

 Initial descriptions of effi cacy of ADA for UC came from 
case reports and small open-label trials in UC patients who had 
previously been exposed to IFX [ 19 – 21 ]. In an open- label 
4-week clinical trial of ten patients with mild to moderate UC 
who had lost response to or become intolerant of IFX [ 19 ], four 
patients (40 %) benefi ted from subsequent ADA therapy (a 
loading dose of 160 mg ADA subcutaneously at week 0 fol-
lowed by 80 mg at week 2) with one achieving clinical remis-
sion and three having clinical improvement at week 4. Among 
the six patients who did not respond, two underwent colec-
tomy. In another small, single center, open- label trial of 13 
patients with mild to moderate UC who had lost response to or 
become intolerant of IFX [ 22 ], long-term treatment with ADA 
(median 42 weeks; starting with ADA 160 mg subcutaneously 
at week 0, 80 mg at week 2, and then 40 mg every other week) 
was well tolerated with no serious toxicities and was effective 
in maintaining clinical remission in a subgroup of UC patients, 
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potentially avoiding colectomy in about half of the patients. 
Finally, Afi f et al. [ 20 ] conducted a 24-week open-label clinical 
trial of ADA 160 mg on week 0, 80 mg on week 2, then 40 mg 
every other week starting week 4 in 20 patients with moderate 
to severe UC including 13 patients who had lost response or 
developed intolerance to IFX. Disease activity was assessed 
using the Mayo score. At week 8, clinical response (defi ned as 
decrease in Mayo score of >30 % from baseline and a decrease 
of  ≥ 3 points plus a decrease in the rectal bleeding subscore of 
≥1 or a rectal bleeding subscore of 0 or 1) was 25 %, clinical 
remission (defi ned as Mayo score ≤2 with no individual score 
>1) was 5 %, and mucosal healing (defi ned as decrease of the 
Mayo endoscopy subscore from 2 or 3 to 0 or 1) was 30 %. At 
week 24, based on a partial Mayo score, 50 % had clinical 
response and 25 % were in clinical remission. The authors con-
cluded that ADA was well tolerated and provided a clinically 
benefi cial option for UC patients who had lost response to or 
could not tolerate IFX [ 20 ]. However, although these early 
studies suggested effi cacy of ADA in patients with mild to 
moderate UC who had lost response or become intolerant to 
IFX, results needed to be interpreted with caution due to factors 
such as non-blinding/open-label dosing, no comparison groups, 
and small sample sizes. 

 The fi rst randomized, placebo-controlled trial of ADA in 
UC was named ULTRA1 [ 23 ] and aimed to assess the effi -
cacy and safety of ADA in anti-TNF naïve patients with 
moderately to severely active UC. In this 8-week trial, 390 
adult patients with moderate to severe UC as defi ned by a 
Mayo score of ≥6 points and an endoscopic subscore of 2–3 
points despite treatment with corticosteroids and/or immu-
nomodulators were randomized to one of three arms: (1) 
ADA 160/80 (160 mg at week 0, 80 mg at week 2, 40 mg at 
weeks 4 and 6), (2) ADA 80/40 (80 mg at week 0, 40 mg at 
weeks 2, 4, and 6), or (3) placebo. It is important to note that 
the study was originally designed to compare only the ADA 
160/80 and placebo groups, but after initiation of the study 
and recruitment of the fi rst 186 subjects, the study design 
was amended to include the ADA 80/40 group as required by 
European regulatory agencies. The primary endpoint of clin-
ical remission at week 8 as defi ned by a Mayo score ≤2 with 
no individual subscore >1, ranked secondary endpoints, and 
safety of treatment were assessed. At week 8, 9.2 % of those 
in the placebo group had achieved clinical remission as 
 compared to 18.5 % of patients in the ADA 160/80 group 
( p  = 0.03) and 10.0 % in the ADA 80/40 group ( p  = 0.83). 
Serious adverse effects occurred in 7.6, 3.8, and 4.0 % of 
patients in the placebo, ADA 80/40, and ADA 160/80 groups 
respectively, but these differences were not statistically 
signifi cant. A total of two malignancies occurred, both in 
placebo- treated patients (one basal cell carcinoma and one 
breast cancer). One opportunistic infection (esophageal 
candidiasis) occurred in the ADA 160/80 group. There were 
no cases of tuberculosis or death. For the secondary endpoints 
including clinical response, mucosal healing, rectal bleeding, 
physician global assessment, and stool frequency, there were 

minimal statistically signifi cant differences due to unusually 
high response rates in the placebo group. Interestingly, how-
ever, there were marked regional differences in these placebo 
response rates at week 8, reaching 54 % in Canada and 57 % 
in Eastern Europe compared to 31 % in the United States/
Puerto Rico and 31 % in Western Europe. 

 The dosing of ADA used in the ULTRA1 trial was based 
on the ADA doses known to be safe and effective in CD [ 14 , 
 15 ,  18 ]. Based on subgroup analyses of body weight (<82 kg 
vs. ≥82 kg) and CRP, the authors suggested that UC patients 
may require a higher dose of ADA to induce remission com-
pared to CD patients [ 23 ]. In addition, on analysis of sequen-
tial partial Mayo score data, the authors made an observation 
that plateau effi cacy may not have been reached at week 8, 
indicating that a longer exposure of ADA may be required to 
induce remission in UC patients. 

 Subsequently, a long-term 52-week randomized placebo- 
controlled trial named ULTRA2 [ 24 ] was conducted to assess 
if ADA 160/80 (160 mg at week 0, 80 mg at week 2, and then 
40 mg every other week) could induce and maintain clinical 
remission in 494 adults with moderate to severe UC. Patients 
in this trial had active disease despite treatment with cortico-
steroids and/or 6-mercaptopurine or azathioprine. Of note 
40 % of subjects had previously received anti- TNF treatment. 
The two co-primary endpoints were clinical remission at week 
8 and clinical remission at week 52 defi ned as a Mayo score of 
2 or less with no subscore greater than 1. At week 8, 16.5 % in 
the ADA group versus 9.3 % in the placebo group had achieved 
clinical remission ( p  = 0.02), and at week 52, the correspond-
ing numbers were 17.3 % for ADA versus 8.5 % for placebo 
( p  = 0.004). In terms of secondary endpoints, clinical response 
rates at week 52 were 30.2 % in the ADA group compared to 
18.3 % in the placebo group ( p  = 0.002) while mucosal healing 
rates at week 52 were 25.0 % in the ADA group and 15.4 % in 
the placebo group ( p  = 0.009). In a subgroup analysis, patients 
with prior anti-TNF exposure had twofold lower remission 
rates compared to the anti-TNF naïve group: 9.2 % at week 8 
and 10.2 % at week 52 for prior anti-TNF exposure compared 
to 21.3 % at week 8 and 22 % at week 52. The remission rates 
in the anti-TNF naïve group are comparable to the effects 
reported with IFX in patients with UC who were naïve to anti-
TNF therapy (Table  16.1 ).

   ADA treatment was generally well tolerated and the overall 
safety profi le was comparable with placebo. Malignancies 
occurred in two ADA-treated patients (one skin squamous 
cell carcinoma and one gastric cancer) compared to none 
in the placebo group. There was no signifi cant difference in 
serious adverse events between the ADA- (12.3 %) and 
placebo- treated (12.1 %) groups. Greater proportions of 
reported injection site reactions (12.1 % in ADA group vs. 
3.8 % in placebo group,  p  <0.001) and hematological-related 
adverse events (1.9 % in ADA group vs. 0 % in placebo 
group,  p  = 0.03) were observed in ADA-treated patients. 
The development of antibodies to ADA was detected in 
2.9 % (7 of 245) of patients in the ADA 160/80 treatment 
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group; all seven patients had received ADA monotherapy. 
Similar to reports with other anti-TNF antibodies, the devel-
opment of anti-ADA antibodies was lower in patients receiv-
ing combination therapy with ADA and an immunosuppressive 
agent [ 25 ]. Serum trough ADA concentrations for remitters 
were numerically higher than those for non-remitters 
throughout the duration of the study. This correlation is con-
sistent with observations in other studies [ 26 ]. 

 Of note, in the ULTRA2 trial, greater proportions of ADA-
treated patients achieved almost all secondary endpoints at 
week 8 (clinical response, mucosal healing, physician global 
assessment, rectal bleeding subscore, corticosteroid-free 
remission, IBDQ score). This is in contrast to the ULTRA1 
trial in which only rectal bleeding and physician global assess-
ment subscores were signifi cantly better in ADA-treated 
patients. This discrepancy might be due to the relatively high 
placebo response rates observed in ULTRA1 as noted above. 
In summary, evidence from these trials demonstrates that ADA 
is effective in inducing and maintaining clinical remission 
and clinical response in patients with moderate to severe 
UC failing conventional treatment with corticosteroids and/or 
immunomodulators.  

    Golimumab (SIMPONI) for UC 

 Golimumab (GLM) is a human IgG1κ monoclonal antibody 
specifi c for human TNF-α which was genetically engineered 
using mice immunized with human TNF. It was approved by 
the FDA in May 2013 for the induction and maintenance of 
clinical response and remission in UC as well as for improving 
endoscopic mucosal appearance during induction therapy. The 
approved dosing is induction with a 200 mg subcutaneous 
injection at week 0 followed by a 100 mg injection at week 2 
and then maintenance therapy dosed at 100 mg every 4 weeks. 

 A combined phase 2 and phase 3 placebo-controlled 
randomized trial [ 27 ] called the “PURSUIT-SC” trial was 
conducted to assess the dosing and dose-response relation-
ship of GLM and to evaluate the safety and effi cacy of 
GLM induction therapy in patients with moderate to severe 
UC. Patients included in this study had active UC with fail-
ure to respond to or inability to tolerate treatment with oral 
mesalamine, oral corticosteroids, 6-mercaptopurine, and/or 
azathioprine, or were corticosteroid dependent; all patients 
were naïve to anti-TNF therapy. In the phase 2 portion of the 
study, 169 patients were randomized and an additional 122 
patients were enrolled while the phase 2 data were analyzed. 
Based on fi ndings of a trend to a dose-response relationship 
and a correlation between higher GLM serum concentrations 
and clinical response parameters, the phase 3 portion of this 
study randomized 774 patients to treatment at weeks 0 and 2 
with placebo ( n  = 258), GLM 200/100 ( n  = 258, 200 mg at 
week 0 and 100 mg at week 2), or GLM 400/200 ( n  = 258, 
400 mg at week 0 and 200 mg at week 2). The primary end-

point was clinical response at week 6, defi ned as a decrease 
in Mayo score of both  ≥ 30 % and  ≥ 3 points along with an 
improvement in the rectal bleeding subscore. Secondary 
endpoints included clinical remission, mucosal healing, and 
change from baseline IBDQ. At week 6, patients who 
received GLM did signifi cantly better than placebo-treated 
patients in terms of clinical response rates (51.8 % in GLM 
200/100 and 55.0 % in GLM 400/200 vs. 29.7 % in placebo; 
 p  <0.0001 for both GLM group comparisons to placebo), 
clinical remission rates (18.7 % in GLM 200/100 and 17.8 % 
in GLM 400/200 vs. 6.3 % in placebo,  p  <0.0001 for both 
GLM group comparisons to placebo), mucosal healing rates 
(43.2 % in GLM 200/100 vs. 28.5 % in placebo,  p  = 0.0005; 
45.3 % in GLM 400/200 vs. 28.5 % in placebo,  p  <0.0001), 
and improvement in IBDQ scores from baseline (27.4 points 
in GLM 200/100 and 27.0 points in GLM 400/200 vs. 14.6 
points in placebo;  p  <0.0001 for both GLM group compari-
sons to placebo). Similar to the phase 2 fi ndings, there was a 
correlation between higher serum GLM concentrations and 
clinical response parameters. 

 Among all treated patients in the phase 2 and 3 studies, 
adverse events occurred in 39.1 % of the GLM groups com-
pared to 38.2 % in the placebo group; serious adverse events 
occurred in 3.0 % of the GLM groups and 6.1 % of the placebo 
group. One death and one case of demyelination occurred, 
both in patients from the GLM 400/200 group. 

 A follow-up phase 3 placebo-controlled, randomized, dou-
ble blind, withdrawal study called “PURSUIT-M” [ 28 ] was 
conducted to evaluate the safety and effi cacy of subcutaneous 
(SC) GLM maintenance therapy among moderate to severe 
active UC patients who had responded to GLM induction ther-
apy. Four hundred and sixty-four patients who had responded 
to induction therapy with either intravenous or subcutaneous 
GLM were randomized to receive placebo, GLM 50 mg, or 
GLM 100 mg at week 0 and then every 4 weeks through week 
52. The primary endpoint was clinical response maintained 
through week 54 as assessed by partial Mayo scores every 4 
weeks and full Mayo scores at weeks 30 and 54. Secondary 
endpoints included clinical remission at both weeks 30 and 54, 
mucosal healing at both weeks 30 and 54, maintenance of clini-
cal remission among those who entered the study in remission, 
and corticosteroid-free clinical remission among those who 
were on steroids at baseline. The primary endpoint was 
achieved in 31.4 % of placebo- treated patients, 47.1 % of GLM 
50 mg treated patients ( p  = 0.01 vs. placebo), and 50.6 % of 
GLM 100 mg treated patients ( p  < 0.001 vs. placebo). Clinical 
remission at both week 30 and week 54 was 15.4 % for pla-
cebo, 23.5 % for GLM 50 mg ( p  = 0.09 vs. placebo), and 
28.6 % for GLM 100 mg ( p  = 0.003 vs. placebo), while muco-
sal healing at both week 30 and week 54 was 26.9 % for pla-
cebo, 43.5 % for 41.8 % for GLM 50 mg ( p  = 0.01 vs. placebo), 
and GLM 100 mg ( p  = 0.001 vs. placebo). Among patients who 
were in clinical remission at baseline of the PURSUIT-M study, 
greater proportions of those treated with GLM maintained clin-
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ical remission (40.4 % of GLM 100 mg and 36.5 % of GLM 
50 mg) compared to those treated with placebo (24.1 %), but 
these differences did not reach statistical signifi cance. Among 
patients who were on corticosteroids at baseline of the 
PURSUIT-M study, there were no signifi cant differences 
between groups in achieving corticosteroid-free clinical remis-
sion at week 54. 

 Through week 54, the proportions of any adverse event 
were 66.0, 72.7, and 73.4 % and of serious adverse events 
7.7, 8.4, and 14.3 % in the placebo, GLM 50 mg, and GLM 
100 mg groups respectively. There were four cases of active 
TB among patients from India, Poland, and South Africa, all 
of whom were on GLM. Three deaths occurred through 
week 54, all in the GLM 100 mg group, and another 6 deaths 
were reported after week 54, 1 from the placebo group and 5 
from the GLM groups. Malignancy rates were 0.4, 0.0, and 
0.3 % in placebo, GLM 50 mg, and GLM 100 mg, respec-
tively. The authors concluded that the safety of GLM in UC 
was similar to GLM experience in other labeled rheumato-
logical indications and with other anti-TNFs.  

    Certolizumab (Cimzia) for UC 

 Certolizumab pegol is a humanized monoclonal antibody Fab 
fragment linked to polyethylene glycol, which increases its 
plasma half-life and reduces the requirement for frequent 
dosing. Based on in vitro studies [ 29 ], certolizumab pegol has 
higher binding affi nity for TNF than ADA or IFX and does 
not activate complement pathway, cell- or antibody- mediated 
cytotoxicity, or apoptosis due to lack of the Fc portion of the 
immunoglobulin molecule. Certolizumab pegol was approved 
by the FDA in 2008 for the treatment and maintenance of 
response in adults with moderate to severe CD. The use of 
certolizumab pegol for moderate to severe UC is currently 
under study in a phase 2 clinical trial [ 30 ].  

    Positioning Adalimumab, Golimumab, 
and Infl iximab Use in Ulcerative Colitis 

 Table  16.1  shows side-by-side comparisons of study design 
and results for the IFX (ACT1/2), ADA (ULTRA1/2), and 
GLM (PURSUIT-SC/PURSUIT-M) in UC trials. On initial 
review, IFX appears to have higher rates of clinical response, 
clinical remission, and mucosal healing compared to the other 
two agents. Although these agents have the same mechanism 
of action, one can theorize whether factors such as intravenous 
versus subcutaneous administration or higher dose require-
ments play more of a role in UC as compared to CD. However, 
because there are no head-to-head trials, one cannot directly 
compare these response rates between IFX, ADA, and 
GLM. In addition, although the study designs are similar for 
the three agents, there are some differences that may partially 

explain different results between trials. For example, the 
ULTRA2 trial included subjects who had received prior anti-
TNF therapy whereas this was an exclusion factor for all the 
other studies. In that trial, patients with prior anti-TNF expo-
sure had much lower response, remission, and mucosal heal-
ing rates compared to the anti-TNF naïve group so this had an 
effect on overall response/remission rates. Also, in the 
ULTRA1 and ULTRA2 trials, there was a suggestion that 
higher doses of ADA may be needed in UC compared to 
CD. In the PURSUIT-M study, there was a more stringent 
defi nition for the primary endpoint of clinical response through 
week 54, with a requirement that patients needed to be in con-
tinuous clinical response through week 54 with assessments 
every 4 weeks. Finally, when reviewing Table  16.1 , one of the 
most notable differences between study agents is in clinical 
remission rates. At week 6/8, remission rates for IFX 5 mg/kg 
were 39 % as compared to 17–19 % for ADA 160/80 and 
19 % for GLM 200/100. Interestingly, however, the numbers 
for the placebo groups were also very different with placebo 
remission rates of 15 % in the IFX study as compared to 9 % 
for the ADA study and 6 % for the GLM study. Such variabil-
ity could be due to factors such as differences in patient char-
acteristics across studies or to systematic differences in 
assessment and scoring of the measures used to assess remis-
sion. This latter point is highlighted by the fi ndings from a 
mesalamine study that interobserver differences in endoscopic 
assessment in UC trials can affect study results [ 31 ]. For future 
studies, centralized review of endoscopic images in UC trials 
will likely play an important role.  

    Conclusion 

 After the FDA approval of IFX for the treatment of UC in 
2005, there was a 7-year time interval during which it was the 
only anti-TNF agent approved for UC therapy. However, 
between September 2012 and May 2013, both ADA and GLM 
were approved for UC therapy, thus currently providing clini-
cians with 3 options for anti-TNF therapy in UC. At this point, 
choosing between these agents should depend on factors such 
as patient preference for intravenous versus subcutaneous 
administration, physician experience in prescribing each of the 
agents, and medical insurance coverage for formulary drugs. 

 However, similar to the experience and the learning curve 
with anti-TNF agents in CD, many questions remain. Chief 
among these are the role of top-down therapy in UC, whether 
concomitant immune modulators should be added when 
starting anti-TNF therapy, and determining the effectiveness 
of a second or third anti-TNF agent after loss of response or 
intolerance of a fi rst or second course of anti-TNF therapy. 
In addition, although there is some information for IFX, 
assessment of outcomes such as rates of hospitalization and 
colectomy and long-term sustainability of response and 
remission for IFX, ADA, and GLM are needed.     

16 Beyond Infl iximab: Other Anti-TNF Therapies for Ulcerative Colitis



190

   References 

    1.    Kornbluth A. Infl iximab approved for use in Crohn’s disease: a 
report on the FDA GI Advisory Committee conference. Infl amm 
Bowel Dis. 1998;4:328–9.  

    2.    Chey WY, Hussain A, Ryan C, Potter GD, Shah A. Infl iximab for 
refractory ulcerative colitis. Am J Gastroenterol. 2001;96:2373–81.  

   3.    Kaser A, Mairinger T, Vogel W, Tilg H. Infl iximab in severe steroid- 
refractory ulcerative colitis: a pilot study. Wien Klin Wochenschr. 
2001;113:930–3.  

   4.    Su C, Salzberg BA, Lewis JD, Deren JJ, Kornbluth A, Katzka DA, 
Stein RB, Adler DR, Lichtenstein GR. Effi cacy of anti-tumor 
necrosis factor therapy in patients with ulcerative colitis. Am J 
Gastroenterol. 2002;97:2577–84.  

    5.    Gornet JM, Couve S, Hassani Z, Delchier JC, Marteau P, Cosnes J, 
Bouhnik Y, Dupas JL, Modigliani R, Taillard F, Lemann M. Infl iximab 
for refractory ulcerative colitis or indeterminate colitis: an open-label 
multicentre study. Aliment Pharmacol Ther. 2003;18:175–81.  

    6.    Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A, 
Johanns J, Travers S, Rachmilewitz D, Hanauer SB, Lichtenstein 
GR, de Villiers WJ, Present D, Sands BE, Colombel JF. Infl iximab 
for induction and maintenance therapy for ulcerative colitis. N Engl 
J Med. 2005;353:2462–76.  

    7.    Ford AC, Sandborn WJ, Khan KJ, Hanauer SB, Talley NJ, 
Moayyedi P. Effi cacy of biological therapies in infl ammatory bowel 
disease: systematic review and meta-analysis. Am J Gastroenterol. 
2011;106:644–59. quiz.  

    8.    Baert F, Noman M, Vermeire S, Van AG, D’Haens G, Carbonez A, 
Rutgeerts P. Infl uence of immunogenicity on the long-term effi cacy 
of infl iximab in Crohn’s disease. N Engl J Med. 2003;348:601–8.  

   9.    Farrell RJ, Alsahli M, Jeen YT, Falchuk KR, Peppercorn MA, 
Michetti P. Intravenous hydrocortisone premedication reduces anti-
bodies to infl iximab in Crohn’s disease: a randomized controlled 
trial. Gastroenterology. 2003;124:917–24.  

    10.    Hanauer SB, Wagner CL, Bala M, Mayer L, Travers S, Diamond RH, 
Olson A, Bao W, Rutgeerts P. Incidence and importance of antibody 
responses to infl iximab after maintenance or episodic treatment in 
Crohn’s disease. Clin Gastroenterol Hepatol. 2004;2:542–53.  

    11.    Papadakis KA, Shaye OA, Vasiliauskas EA, Ippoliti A, Dubinsky MC, 
Birt J, Paavola J, Lee SK, Price J, Targan SR, Abreu MT. Safety and 
effi cacy of adalimumab (D2E7) in Crohn’s disease patients with an 
attenuated response to infl iximab. Am J Gastroenterol. 2005;100:75–9.  

   12.    Sandborn WJ, Hanauer S, Loftus Jr EV, Tremaine WJ, Kane S, 
Cohen R, Hanson K, Johnson T, Schmitt D, Jeche R. An open-label 
study of the human anti-TNF monoclonal antibody adalimumab in 
subjects with prior loss of response or intolerance to infl iximab for 
Crohn’s disease. Am J Gastroenterol. 2004;99:1984–9.  

   13.    Peyrin-Biroulet L, Laclotte C, Bigard MA. Adalimumab mainte-
nance therapy for Crohn’s disease with intolerance or lost response 
to infl iximab: an open-label study. Aliment Pharmacol Ther. 
2007;25:675–80.  

    14.    Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Colombel JF, 
Panaccione R, D’Haens G, Li J, Rosenfeld MR, Kent JD, Pollack 
PF. Adalimumab induction therapy for Crohn disease previously 
treated with infl iximab: a randomized trial. Ann Intern Med. 
2007;146:829–38.  

    15.    Colombel JF, Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, 
Panaccione R, Schreiber S, Byczkowski D, Li J, Kent JD, Pollack 
PF. Adalimumab for maintenance of clinical response and remis-
sion in patients with Crohn’s disease: the CHARM trial. 
Gastroenterology. 2007;132:52–65.  

   16.    Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas M, 
MacIntosh DG, Panaccione R, Wolf D, Kent JD, Bittle B, Li J, 
Pollack PF. Adalimumab for maintenance treatment of Crohn’s 
disease: results of the CLASSIC II trial. Gut. 2007;56:1232–9.  

   17.    Youdim A, Vasiliauskas EA, Targan SR, Papadakis KA, Ippoliti A, 
Dubinsky MC, Lechago J, Paavola J, Loane J, Lee SK, Gaiennie J, 

Smith K, Do J, Abreu MT. A pilot study of adalimumab in 
infl iximab- allergic patients. Infl amm Bowel Dis. 2004;10:333–8.  

     18.    Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas M, 
MacIntosh D, Panaccione R, Wolf D, Pollack P. Human anti-tumor 
necrosis factor monoclonal antibody (adalimumab) in Crohn’s dis-
ease: the CLASSIC-I trial. Gastroenterology. 2006;130:323–33.  

     19.    Peyrin-Biroulet L, Laclotte C, Roblin X, Bigard MA. Adalimumab 
induction therapy for ulcerative colitis with intolerance or lost 
response to infl iximab: an open-label study. World J Gastroenterol. 
2007;13:2328–32.  

     20.    Afi f W, Leighton JA, Hanauer SB, Loftus Jr EV, Faubion WA, Pardi DS, 
Tremaine WJ, Kane SV, Bruining DH, Cohen RD, Rubin DT, Hanson 
KA, Sandborn WJ. Open-label study of adalimumab in patients with 
ulcerative colitis including those with prior loss of response or intoler-
ance to infl iximab. Infl amm Bowel Dis. 2009;15:1302–7.  

    21.    Barreiro-de AM, Lorenzo A, Dominguez-Munoz JE. Adalimumab 
in ulcerative colitis: two cases of mucosal healing and clinical 
response at two years. World J Gastroenterol. 2009;15:3814–6.  

    22.    Oussalah A, Laclotte C, Chevaux JB, Bensenane M, Babouri A, 
Serre AA, Boucekkine T, Roblin X, Bigard MA, Peyrin-Biroulet 
L. Long-term outcome of adalimumab therapy for ulcerative colitis 
with intolerance or lost response to infl iximab: a single-centre 
experience. Aliment Pharmacol Ther. 2008;28:966–72.  

     23.    Reinisch W, Sandborn WJ, Hommes DW, D’Haens G, Hanauer S, 
Schreiber S, Panaccione R, Fedorak RN, Tighe MB, Huang B, 
Kampman W, Lazar A, Thakkar R. Adalimumab for induction of 
clinical remission in moderately to severely active ulcerative colitis: 
results of a randomised controlled trial. Gut. 2011;60:780–7.  

    24.    Sandborn WJ, van AG, Reinisch W, Colombel JF, D’Haens G, Wolf 
DC, Kron M, Tighe MB, Lazar A, Thakkar RB. Adalimumab 
induces and maintains clinical remission in patients with moderate-
to- severe ulcerative colitis. Gastroenterology. 2012;142:257–65.  

    25.    Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth 
A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond RH, 
Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P. Infl iximab, 
azathioprine, or combination therapy for Crohn’s disease. N Engl J 
Med. 2010;362:1383–95.  

    26.      Chaparro M, Guerra I, Munoz-Linares P, Gisbert JP. Systematic 
review: antibodies and anti-TNF-alpha levels in infl ammatory 
bowel disease. Aliment Pharmacol Ther. 2012;35:971–86.  

    27.   Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johanns 
J, Adedokun OJ, Guzzo C, Colombel JF, Reinisch W, Gibson PR, 
Collins J, Jarnerot G, Hibi T, Rutgeerts P. Subcutaneous golimumab 
induces clinical response and remission in patients with moderate 
to severe ulcerative colitis. Gastroenterology 2013; doi:pii: 
S0016- 5085(13)00846-9.   10.1053/j.gastro.2013.05.048    . [Epub 
ahead of print].  

    28.   Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johanns 
J, Adedokun OJ, Guzzo C, Colombel JF, Reinisch W, Gibson PR, 
Collins J, Jarnerot G, Rutgeerts P. Subcutaneous golimumab main-
tains clinical response in patients with moderate-to-severe ulcerative 
colitis. Gastroenterology 2013; doi:pii: S0016-5085(13)00886-X. 
  10.1053/j.gastro.2013.06.010    . [Epub ahead of print].  

    29.    Nesbitt A, Fossati G, Bergin M, Stephens P, Stephens S, Foulkes R, 
Brown D, Robinson M, Bourne T. Mechanism of action of certoli-
zumab pegol (CDP870): in vitro comparison with other anti-tumor 
necrosis factor alpha agents. Infl amm Bowel Dis. 2007;13:
1323–32.  

    30.   Clinical Trials.gov. Study of Cimzia for the treatment of ulcerative coli-
tis (UC CIMZIA) (  http://clinicaltrials.gov/ct2/show/NCT01090154    ). 
2012.  

    31.    Feagan BG, Sandborn WJ, D’Haens G, Pola S, McDonald JW, 
Rutgeerts P, Munkholm P, Mittmann U, King D, Wong CJ, Zou G, 
Donner A, Shackelton LM, Gilgen D, Nelson S, Vandervoort MK, 
Fahmy M, Loftus Jr EV, Panaccione R, Travis SP, Van Assche GA, 
Vermeire S, Levesque BG. The role of centralized reading of endos-
copy in a randomized controlled trial of mesalamine for ulcerative 
colitis. Gastroenterology. 2013;145:149–57.    

M.-H. Wang and J.-P. Achkar

http://clinicaltrials.gov/ct2/show/NCT01090154
http://dx.doi.org/10.1053/j.gastro.2013.06.010
http://dx.doi.org/10.1053/j.gastro.2013.05.048


191G.R. Lichtenstein (ed.), Medical Therapy of Ulcerative Colitis,
DOI 10.1007/978-1-4939-1677-1_17, © Springer Science+Business Media New York 2014

        Introduction 

 At present we have agents effective for the treatment of 
patients with ulcerative colitis; however, no treatment avail-
able is considered to be ideal. The characteristics of an ideal 
treatment for ulcerative colitis (UC) would include an ability 
for patients treated to achieve normal bowel function and nor-
mal quality of life, and this medication should have an ability 
to induce clinical remission rapidly and maintain remission 
over an extended period of time while achieving mucosal heal-
ing with minimal side effects. The ideal agent should be cheap 
and easy to administer and eliminate the need for steroids, 
hospitalizations, and surgeries while preventing the long-term 
complication of colon cancer development. 

 Several therapies are currently available for the treatment 
of UC, and they have been shown to be effective for the 
induction, maintenance of remission, and/or mucosal healing. 
These medications include aminosalicylates, corticosteroids, 
antimetabolites (azathioprine, mercaptopurine), cyclosporine, 
and biologic agents (infl iximab, adalimumab, and golimumab). 
However, the rate of primary nonresponders and secondary 

loss of response to the currently available therapy is still 
relatively high. The side effects of some of these agents 
(cyclosporine, mercaptopurine/azathioprine) can also be 
very signifi cant. 

 Biologic agents include naturally occurring or modifi ed 
biologic compounds, recombinant proteins or peptides, 
monoclonal antibodies and fusion proteins, and antisense 
oligonucleotides to nucleic acids. As they are more “natural” 
or similar to the human body’s own products, they have the 
potential to provide more effective and safe treatments for 
human diseases like UC. 

 There has been signifi cant progress in understanding the 
pathophysiology of UC, and this has led to the development 
of new therapies that target key molecules and immunologi-
cal mechanisms. This chapter will discuss several new treat-
ments being evaluated for the treatment of UC. Table  17.1  
outlines the general characteristics of phase I, II, and III trials 
in drug development. Table  17.2  outlines the therapies in the 
pipeline for the treatment of UC.

        Treatments Aimed at Blocking 
Proinfl ammatory Cytokines 

    Anti-tumor Necrosis Factor (Anti-TNF) Agents 

    Golimumab (Formerly Known as CNTO 148) 
 There are currently several therapies on the market for UC 
targeting TNF-α including infl iximab, adalimumab, and 
golimumab. Golimumab is a fully humanized monoclonal 
immunoglobulin also directed against TNF-α. Genetically 
engineered mice were immunized with human anti-TNFα 
resulting in an antibody with a human-derived variable and 
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regions that are constant. The variable region of golimumab 
binds to both the soluble and transmembrane bioactive forms 
of TNF-α and as a result inhibits the biological activity of 
TNF-α. Golimumab has been shown in vitro to modulate the 
biological effects mediated by TNF including the expression 
of adhesion proteins responsible for leukocyte infi ltration 
(E-selectin, ICAM-1, and VCAM-1) and the secretion of pro-
infl ammatory cytokines (IL-6, IL-8, G-CSF, and GM-CSF). 

 Golimumab has been approved by the Food and Drug 
Administration in the United States to treat moderately to 
severely active rheumatoid arthritis (RA), active psoriatic 
arthritis, and active ankylosing spondylitis (AS) and recently 
gained regulatory approval in 2013 for the treatment of mod-
erate to severe UC patients who have had an inadequate 
response or intolerance to prior conventional treatments or 
who require continuous steroid therapy. Golimumab is given 
subcutaneously, and for UC the dosage recommended is 
200 mg initially at week 0 and then 100 mg at week 2 and 
then 100 mg every 4 weeks. Serum golimumab concentra-
tions reach steady-state pharmacokinetics by week 8 after 
the fi rst maintenance dose. Treatment with 100 mg golim-
umab subcutaneously every 4 weeks during maintenance 
resulted in a mean steady-state trough serum concentration of 
1.8 ± 1.1 μg/ml [ 1 ]. 

 A combined double-blind, placebo-controlled, phase II 
dose-fi nding and phase III dose-confi rmation trials demon-
strated golimumab’s effi cacy for induction of a clinical 
response and remission in patients with moderate to severe 
ulcerative colitis (PURSUIT). There were 1,064 adults with 
UC (Mayo score, 6–12, endoscopy subscore ≥2). Patients 
were randomly assigned to groups given golimumab doses 
of 100 mg and then 50 mg (phase II only), 200 mg and then 
100 mg, and 400 mg and then 200 mg, 2 weeks apart. The 
phase III primary endpoint was a clinical response at week 6. 
The secondary endpoints included clinical remission, muco-
sal healing, and IBDQ score change at week 6. In phase II, 
median changes from baseline in the Mayo score were −1.0, 
−3.0, −2.0, and −3.0 in placebo and 100 mg/50 mg, 
200 mg/100 mg, 400 mg/200 mg golimumab, respectively. 
In phase III, rates of clinical response at week 6 were 51.8 % 

   Table 17.1    FDA (Food and Drug Administration) categories for 
describing the clinical trial of a drug, based on the study’s characteristics 
(  www.clinicaltrials.gov    ) (  http://www.fda.gov/drugs/resourcesforyou/
consumers/ucm143534.htm    )   

 Phase  Defi nition 

 0  Exploratory study involving very limited human exposure to the 
drug, with no therapeutic or diagnostic goals (e.g., screening 
studies, microdose studies) 

 1  Studies that are usually conducted with healthy volunteers and 
that emphasize safety. The goal is to fi nd out what the drug’s 
most frequent and serious adverse events are and, often, how 
the drug is metabolized and excreted 

 2  Studies that gather preliminary data on effectiveness (whether 
the drug works in people who have a certain disease or 
condition). For example, participants receiving the drug may 
be compared with similar participants receiving a different 
treatment, usually an inactive substance (called a placebo) or a 
different drug. Safety continues to be evaluated, and short-term 
adverse events are studied 

 3  Studies that gather more information about safety and 
effectiveness by studying different populations and different 
dosages and by using the drug in combination with other drugs 

 4  Studies occurring after FDA has approved a drug for 
marketing. These including postmarket requirement and 
commitment studies that are required of or agreed to by the 
sponsor. These studies gather additional information about a 
drug’s safety, effi cacy, or optimal use 

   Table 17.2    Novel therapies for the treatment of ulcerative colitis   

 Drug  Mechanism of action  Route  Status 

 Golimumab (Simponi)  TNFα antagonist  SC  Approved for UC 
 Biosimilar  TNFα antagonist 
 Tofacitinib (Xeljanz)  Janus kinase inhibitor  Oral  Phase II completed 
 Basiliximab (Simulect)  IL-2 antagonist suppressing lymphocyte activity and reducing corticosteroid 

resistance 
 IV 

 Vedolizumab  Specifi cally targets the α4β7 integrin (inhibits leukocyte adhesion)  IV  Phase III 
 PF-547659  Monoclonal antibody to MAdCAM-1 (inhibits leukocyte adhesion)  IV/SC  Phase I and II ongoing 
 AJM300  α4-integrin inhibitor (inhibits leukocyte adhesion)  Oral  Phase I 
 Etrolizumab  β7-integrin inhibitor (inhibits leukocyte adhesion)  IV/SC  Phase II 
 Alicaforsen  Decrease in the production of ICAM-1 (inhibits leukocyte adhesion)  Enema 
 BMS-936557  Antibody to CXCL 10 (chemokine antagonist)  IV  Phase III 
 SB-656933  CXCR2 antagonist (chemokine antagonist)  Phase II terminated; no 

further drug development 
 Abatacept  Competes with CD28 for CD80 and CD86 binding  IV 
 FMT  Alteration of microbiome  NG, NJ, PR  Clinical trials ongoing 
 HMPL-004  Inhibitory activity against TNF-α, IL-1β, and NF-κB  Oral  Phase II completed 

   SC  subcutaneous,  IV  intravenous,  NG  nasogastric,  NJ  nasojejunal,  PR  per rectum,  FMT  fecal microbiota transplantation,  TNFα  tumor necrosis 
factor α,  MAdCAM-1  mucosal addressin cell adhesion molecule,  ICAM-1  intercellular adhesion molecule 1,  CXCL 10  CXC-motif chemokine 10, 
 CXCR2  CXC chemokine receptor type 2,  NF-κB  nuclear factor kappa beta  
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and 55 % among patients given 200 mg/100 mg and 
400 mg/200 mg golimumab respectively vs. 29.7 % in the 
placebo group ( P  < 0.0001). Rates of clinical remission and 
mucosal healing and mean changes in the IBDQ scores were 
signifi cantly greater in both the golimumab groups com-
pared to placebo group ( P  ≤ 0.0005). Rates of serious adverse 
events were 6.1 % and 3.0 %, and rates of serious infection 
were 1.8 % and 0.5 % in the placebo and golimumab groups, 
respectively. One patient in the 400/200 mg group died from 
surgical complications of an ischiorectal abscess. 

 In the phase III, double-blind trial evaluating golimumab 
in the maintenance of a clinical response in patients with 
moderate to severe UC, patients who responded to the initial 
golimumab induction therapy were randomly assigned to 
groups given placebo or injections of 50 or 100 mg of golim-
umab every 4 weeks through week 52 [ 2 ]. Four hundred 
sixty-four patients were included in this study. Patients who 
responded to placebo in the induction study continued to 
receive placebo. Nonresponders in the induction study 
received 100 mg golimumab. The primary outcome was clin-
ical response maintained through week 54, and secondary 
outcomes included clinical remission and mucosal healing at 
week 30 and week 54. Clinical response was found to be 
maintained in 47.0 % receiving 50 mg golimumab, 
49.7%receiving 100 mg golimumab, and 31.2 % receiving 
placebo ( P  = 0.010 and  P  < 0.001, respectively). At weeks 30 
and 54, 27.8 % patients who received 100 mg golimumab 
were in clinical remission, and 42.4 % had mucosal healing 
compared to placebo (15.6 % and 26.6 %,  P  = 0.004 and 
 P  = 0.002, respectively) or 50 mg golimumab (23.2 and 
41.7 %). Serious adverse events occurred in 7.7 %, 8.4 %, 
and 14.3 % of patients given placebo, 50 mg or 100 mg goli-
mumab, respectively. Serious infections occurred in 1.9 %, 
3.2 %, and 3.2 % in placebo, 50 mg or 100 mg golimumab, 
respectively. Among all patients who received golimumab, 
three died and four developed active tuberculosis. Of those 
that died, they all received 100 mg golimumab and died from 
sepsis, tuberculosis, and cardiac failure. 

 In controlled phase III trials through week 16 in patients 
with rheumatoid arthritis, psoriasis, and ankylosing spondy-
litis, serious infections were observed in 1.4 % of golimumab- 
treated patients and 1.3 % of control patients. In these trials, 
the incidence of serious infections per 100 patient years of 
follow-up was 5.7 (95 % CI: 3.8, 8.2) for the golimumab 
group and 4.2 (95 % CI 1.8, 8.2) for the placebo group. In the 
controlled phase II/III trial through week 6 of golimumab 
induction in UC, the incidence of serious infections in 
the golimumab 200/100 mg-treated patients was similar to 
the incidence of serious infections in placebo-treated 
patients. Through week 60, the incidence of serious infec-
tions was similar between patients who received golimumab 
induction and 100 mg maintenance compared to those who 
received golimumab induction and placebo for maintenance. 

Serious infections in golimumab patients included sepsis, 
pneumonia, cellulitis, abscess, tuberculosis, invasive fungal 
infections, and hepatitis B infection [ 1 ]. 

 During controlled portions    of the phase II trial in RA 
and the phase III trials in rheumatoid arthritis, psoriasis, 
and ankylosing spondylitis, the incidence of malignancies 
other than lymphoma per 1,000 patient years of follow-up 
was not higher in the combined golimumab group com-
pared to placebo group and was similar to that expected in 
the general US population according to the SEER database. 
In the phase II/III trials in UC, the incidence of non-lym-
phoma malignancies was also similar between the drug and 
placebo groups [ 1 ]. 

 In UC trials, 3 % [ 34 ], 28 % (341), and 69 % (823) of 
golimumab-treated patients were positive, negative, and 
inconclusive for antibody development. No defi nitive conclu-
sions regarding the relationship between antibodies to golim-
umab and clinical effi cacy or safety measures could be drawn 
due to small sample size [ 1 ]. 

 Golimumab has just been approved in 2013 in the United 
States and is available for the treatment of UC [ 3 – 7 ].   

    Anti-TNF Biosimilars 

 The Biologics Price Competition and Innovation Act (BPCI 
Act) was signed into law by President Obama as part of 
healthcare reform (Affordable Care Act) to encourage the 
development of biosimilars and interchangeable biological 
products which ultimately may lead to better patient access 
and a lower cost to consumers [ 8 ]. 

 A biosimilar is a biotherapeutic product which is similar in 
terms of quality, safety, and effi cacy to an already licensed 
reference biotherapeutic product [ 9 ]. To establish the biosimi-
larity, the US FDA requires that clinical studies must show 
that there are no clinically meaningful differences between the 
biosimilar and the reference product in terms of safety, purity, 
and potency. The drugs must be shown to have the same phar-
macokinetics and pharmacodynamics and for the most part 
equivalent effi cacy and safety to the reference product. 

 The BPCI Act provides an abbreviated licensure pathway 
for biosimilar and interchangeable biological products under 
section 351(k) of the Public Health Service Act (PHS Act). 
As a result, a biosimilar that is demonstrated to be highly 
similar to the reference product may rely on existing scien-
tifi c knowledge about the safety, purity, and potency of the 
reference product and as a result may not be required to pro-
vide full product-specifi c nonclinical and clinical data in 
order to be licensed [ 8 ]. 

 The patent of infl iximab (the fi rst anti-TNF-α used in UC) 
expires between 2013 and 2015 which has opened up the 
market for the development of biosimilar drugs. Thus far, no 
single biosimilar has been reported to be tested for UC.  
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    Janus Kinase Inhibitors 

    Tofacitinib (CP 690550) 
 Janus kinases (JAK) 1, 2, and 3 are extremely important in 
cytokine signaling that is involved in lymphocyte survival, 
proliferation, differentiation, and apoptosis [ 10 ]. JAK3 is 
found only in hematopoietic cells and is part of the signaling 
pathway activated by IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21 
which is crucial in the activation, function, and proliferation 
of lymphocytes (Fig.  17.1 ) [ 11 ].

   Tofacitinib is an oral small molecule inhibitor of JAK1 
and 3. In vitro studies have shown that it interferes with Th2 
and Th17 cell differentiation and blocks the production of 
IL-17 and IL-22 [ 12 ]. 

 In a phase II double-blind, placebo-controlled trial, the 
effi cacy of tofacitinib in 194 adults with moderately to 
severely active ulcerative colitis was evaluated [ 13 ]. Patients 
were randomly assigned to receive tofacitinib at a dose of 
0.5, 3, 10, or 15 mg or placebo twice daily for 8 weeks. 
The primary outcome was a clinical response at 8 weeks and 
occurred in 32 %, 48 %, 61 %, and 78 % of patients receiving 
tofacitinib at a dose of 0.5 mg ( P  = 0.39), 3 mg ( P  = 0.55), 
10 mg ( P  = 0.10), and 15 mg ( P  < 0.001), respectively—com-
pared with 42 % of patients receiving placebo. Clinical 

remission (Mayo score ≤2 with no subscore >1) at 8 weeks 
occurred in 13 %, 33 %, 48 %, and 41 % of patients receiving 
tofacitinib at a dose of 0.5 mg ( P  = 0.76), 3 mg ( P  = 0.01), 
10 mg ( P  < 0.001), and 15 mg ( P  < 0.001), respectively, as 
compared with 10 % of patients receiving placebo. Treatment 
with the drug resulted in reduced C-reactive protein and fecal 
calprotectin levels. 

 Tofacitinib has generally been well tolerated in clinical tri-
als. The most commonly reported adverse events related to 
infection reported by Sandborn and colleagues were infl u-
enza and nasopharyngitis [ 13 ]. Two patients receiving the 
10 mg dose twice daily had serious adverse events from infec-
tion (postoperative abscess, anal abscess). Of signifi cance but 
uncertain long-term consequence, a dose- dependent increase 
in low-density and high-density lipoprotein cholesterol was 
seen after 8 weeks of treatment which were reversible after 
discontinuing the studied drugs [ 13 ]. Three patients treated 
with tofacitinib (one at dose of 10 mg twice daily and two at 
dose of 15 mg twice daily) had an absolute neutrophil count 
of less than 1,500 (with none being <1,000) [ 13 ]. Tofacitinib 
is a true immunosuppressant and will most likely be used as 
monotherapy, and there is a concern for increased risk of 
infections and lymphoma with using this drug compared to 
other biologics. 

  Fig. 17.1    Tofacitinib. With 
permission from O’Shea, J, Pesu 
M, Borie DC, Changelian PS. A 
new modality for 
immunosuppression: targeting 
the JAK/STAT pathway. Nature 
Reviews 2004;4:555–564. © 
Nature Publishing Group 2004       
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 There is currently an ongoing multicenter, randomized, 
double-blind placebo-controlled parallel group study evalu-
ating tofacitinib as a maintenance therapy in patients with 
ulcerative colitis [ 14 ]. Patients will either be given placebo 
orally twice daily, tofacitinib 5 mg orally twice daily, or 
tofacitinib 10 mg orally twice daily. The primary endpoint is 
the proportion of subjects in remission at week 52. Secondary 
outcomes that will be measured are the proportion of patients 
with mucosal healing at week 52 and number of patients in 
sustained steroid free remission [ 14 ].   

    Adjunct Therapy in Corticosteroid Resistance 

    Basiliximab 
 Interleukin (IL)-2 is a T-cell autocrine growth factor that has 
been demonstrated to antagonize the action of steroids, thus 
contributing to the resistance of lymphocytes to corticoste-
roids. The high-affi nity receptor for IL-2 is CD25 [ 15 – 18 ]. 

 Basiliximab is a chimeric IgG1 monoclonal antibody that 
binds to the IL-2 receptor (CD25) and has been studied as an 
agent for the treatment of steroid-resistant ulcerative colitis. 

 An initial open-label, uncontrolled, 24-week trial was 
performed with basiliximab in ten patients with steroid- 
resistant UC. Patients were given a single bolus of 40 mg of 
intravenous basiliximab plus steroid treatment. The out-
comes were assessed using the UC Symptom Score (UCSS), 
rectal biopsy, and IBDQ. Lymphocyte steroid sensitivity was 
measured in vitro in 39 subjects in the presence or absence of 
basiliximab. Nine achieved clinical remission within 8 
weeks. Eight of the nine initial responders relapsed (median, 
9 weeks), but remission was re-achieved with corticosteroids 
and azathioprine. Seven patients were in clinical remission at 
24 weeks, and fi ve were off of all steroid therapy. In vitro 
measurement of lymphocyte steroid sensitivity showed ste-
roid resistance in 22 %. All however were rendered steroid 
sensitive with basiliximab [ 19 ]. 

 A further open-label uncontrolled clinical trial was per-
formed in 20 patients with moderate ( n  = 13) to severe ( n  = 7) 
steroid-resistant UC. Patients were given a single dose of 
40 mg basiliximab with standard steroid therapy. The primary 
endpoint was clinical remission within 8 weeks (UCSS). 
Fifty percent achieved clinical remission within 8 weeks 
(seven of the moderate, three of the severe) and 65 % at 24 
weeks. Five patients required colectomy (four severe and one 
moderate UC), and one required rescue cyclosporine (moder-
ate UC). Two patients developed herpes zoster. Otherwise, 
the treatment was well tolerated [ 20 ]. 

 However, in contrast, in a study by Sands et al., 149 
patients with moderate to severe UC despite treatment with 
oral prednisone for 14 days were randomly assigned to 
groups that were given 20 mg ( n  = 46) or 40 mg ( n  = 52) 
basiliximab or placebo ( n  = 51) at weeks 0, 2, and 4 [ 21 ]. 

All subjects received 30 mg/day prednisone through week 2; 
the dose was reduced by 5 mg each week to 20 mg/day, 
which was maintained until week 8. At week 8, rates of 
clinical remission were compared for patients given basilix-
imab and placebo. Twenty-eight percent of patients given 
placebo, 29 % of those given the 40 mg dose of basiliximab, 
and 26 % of those given the 20 mg dose of basiliximab 
achieved clinical remission ( P  = 1.00 vs. placebo for each 
dose). Six subjects who received basiliximab had serious 
adverse events (6.1 %) compared with two who received pla-
cebo (3.9 %;  P  = 0.72). Therefore, contrary to the prior open-
label trials, this study did not demonstrate the effi cacy of 
basiliximab in increasing the effect of corticosteroids to help 
induce remission in outpatients with corticosteroid-resistant 
moderate to severe UC.    

    Treatments That Target Leukocyte Migration 
and Adhesion 

    Adhesion Molecule Blockers 

 Intercellular adhesion molecules play a role in leukocyte 
adhesion and migration, local lymphocyte stimulation, and 
T lymphocyte traffi cking in the intestine. These molecules 
are upregulated in the presence of infl ammation. 

    Vedolizumab (Previously Known as LDP02, 
MLN02, and MLN0002) 
 In UC, there is an ongoing infl ammatory response with acti-
vation of T cells, cytokine production, upregulation of the 
normal lymphocyte homing response, and recruitment of 
high numbers of T cells to the intestinal mucosa. The α 4 β 7  
integrin molecule is found on circulating T lymphocytes and 
is involved in the recruitment of leukocytes to the gastroin-
testinal tract. The α 4 β 7  integrin is activated on the lympho-
cyte surface membrane and binds with its ligand (mucosal 
addressin cell adhesion molecule-1—MAdCAM-1) on the 
endothelial cell surface membranes. This ligand binds lym-
phocytes from the endothelial lumen as they pass, and once 
bound, the lymphocytes migrate into the lamina propria and 
tissue. Studies have shown signifi cantly higher levels of α 4 β 7  
integrin and MAdCAM-1 in colons of IBD patients. The 
binding of these molecules results in the homing of gut- 
associated lymphocytes to areas of infl amed and normal 
colonic mucosa (Figs.  17.2  and  17.3 ).

    Natalizumab is a humanized monoclonal antibody directed 
against the α 4  integrin on leukocytes (specifi cally lympho-
cytes). Because it is a nonselective inhibitor of the alpha 4 
integrin which directs leukocytes not only to the intestinal 
mucosa but also to the central nervous system, there has been 
a fatal rarely occurring side effect of the drug—the risk of 
progressive multifocal leukoencephalopathy. 
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 By contrast, vedolizumab is a recombinant IgG1- humanized 
monoclonal antibody that specifi cally targets the α 4 β 7  integ-
rin heterodimer which is expressed in essence exclusively in 
the gut. This selectively blocks the interaction between α 4 β 7  
and MAdCAM-1 in the gut, thereby inhibiting leukocyte 
migration to the intestinal mucosa. Vedolizumab is adminis-
tered intravenously every 4 weeks. 

 In 1996, a monoclonal antibody against α 4 β 7  integrin was 
used to demonstrate resolution of colitis in cotton-top tama-
rin monkeys. A monoclonal antibody to the α 4 β 7  integrin or a 
nontherapeutic monoclonal antibody via intramuscular 
injection was given to eight monkeys with chronic colitis. 
The control animals showed no improvement, but those 
receiving the antibody demonstrated clinical and histological 
response. Animal studies have also shown that inhibition of 
MAdCAM-1 prevents the development of ileitis in mice by 
preventing T-cell adhesion to ileal endothelium [ 22 ]. 

 In 2000, a phase I double-blind, placebo-controlled trial 
using humanized α 4 β 7  antibody was reported in abstract form 
[ 23 ]. There were 29 patients with moderately severe UC. 
A single dose of the humanized antibody was given to par-
ticipants consisting of 0.15 mg/kg subcutaneously (SC), 
0.15 mg/kg intravenously (IV), 0.5 mg/kg IV, and 3 mg/kg 
IV or placebo. A dose of 0.5 mg/kg was found suffi cient to 
completely saturate the antibody receptors. Complete endo-
scopic and clinical remission were seen 40 % (two patients) 
receiving 0.5 mg/kg. 

 A phase II randomized, double-blind, placebo-controlled 
trial using the α 4 β 7  antibody (MLN02) was performed over 
6 weeks evaluating the drug’s effi cacy [ 24 ]. One hundred 
eighty-one adults with moderately or severely active UC 
(disease extent >25 cm from anal verge, UC clinical score 
(UCCS) 5–9 points with a score of at least 1 for stool fre-
quency or rectal bleeding, and a modifi ed Baron score of at 
least grade 2 on sigmoidoscopy) were randomly assigned to 
receive either placebo, MLN02 0.5 mg/kg IV, or MLN02 
2 mg/kg IV. Each patient received two infusions (day 1 and 
day 29). At week 6, the primary outcome of clinical remis-
sion (UCCS of 0–1 and a modifi ed Baron grade of 0–1 with 
no evidence of rectal bleeding) was seen in 14 %, 33 %, and 
32 % in the placebo, 0.5 mg/kg    ( P  = 0.02), and 2 mg/kg 
( P  = 0.02) groups, respectively. Secondary outcomes of clini-
cal response were also higher in the MLN02 0.5 mg/kg and 
2 mg/kg groups compared to the placebo groups with 66 %, 
53 %, and 33 %,  P  = 0.002, respectively. Endoscopic remis-
sion was seen in 28 %, 12 %, and 8 % of those receiving 
0.5 mg/kg, 2 mg/kg, and placebo, respectively. 

 Later, a phase II randomized controlled trial evaluating 
increasing doses of vedolizumab was performed using a new 
formulation developed from using the Chinese hamster ovary 
cell-based system [ 25 ]. Patients were randomized to receive 2, 
6, or 10 mg/kg of the new drug or placebo. Patients received 
four infusions—one on days 1, 15, 29, and 85. Safety, 
pharmacokinetics, pharmacodynamics, and immunogenicity 

  Fig. 17.2    Mechanism of action of adhesion molecules in the intestinal 
endothelium and their blockage by anti-adhesion drugs. With permis-
sion from Lobatón T1, Ve`rmeire S, Van Assche G, Rutgeerts P. Review 

article: anti-adhesion therapies for infl ammatory bowel disease. 
Aliment Pharmacol Ther. 2014 Mar;39(6):579–94. © 2014 John Wiley 
& Sons Ltd. [ 35 ]       
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evaluations were performed at multiple time points to day 253. 
Forty-six patients (9 placebo and 37 vedolizumab) received at 
least one dose of study medication. Vedolizumab maximally 

saturated the a4b7 receptors on peripheral serum lymphocytes 
at all measurable serum concentrations. Vedolizumab was 
well tolerated. At every assessment from day 29 to 253, 

  Fig. 17.3    Mechanism of action of adhesion molecules in the intestinal 
endothelium and their blockage by anti-adhesion drugs. With permis-
sion from Thomas S, Baumgart DC. Targeting leukocyte migration and 

adhesion in Crohn’s disease and ulcerative colitis. Infl ammopharmacol 
2012;20:1–18. © Springer 2012 [ 33 ]       
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>50 % of the vedolizumab- treated patients were in clinical 
response; placebo response rates were 22–33 %. After this 
study was completed, some patients were then assigned to 
receive vedolizumab 2 or 6 mg/kg every 8 weeks for an addi-
tional 547 days, and the effi cacy of the drug was assessed 
using the partial Mayo score (PMS), and the safety, immuno-
genicity, and pharmacokinetics were analyzed [ 26 ,  27 ]. 
Eighty-one percent of patients continued on vedolizumab 
until day 547. Five patients withdrew due to lack of effi cacy; 
three patients withdrew due to adverse events. Remission 
rates were between 70 and 80 %. 

 The phase III randomized, double-blind, placebo- 
controlled trial assessing the effi cacy and safety of vedoli-
zumab in induction therapy in patients with moderate to 
severe UC (Mayo score of ≥6 and an endoscopic subscore of 
≥2 despite steroids, thiopurines, and/or anti-TNF therapy) 
was then performed (GEMINI I) [ 28 ,  29 ]. Patients were ran-
domized to receive either vedolizumab 300 mg IV or placebo 
on days 1 and 15. Two hundred twenty-four patients received 
vedolizumab and 149 patients received placebo. Of note, 
39 % in the vedolizumab group had previous anti-TNF fail-
ure. The clinical response, remission, and mucosal healing 
rates were 25.5 % vs. 47.1 % ( P  < 0.0001), 5.4 % vs. 16.9 % 
( P  = 0.0009), and 24.8 % vs. 40.9 % ( P  = 0.0012) in placebo 
vs. vedolizumab groups, respectively. 

 Those patients achieving a clinical response (reduction in 
Mayo score of ≥3 points and ≥30 % from baseline plus a 
decrease in rectal bleeding subscore ≥1 point or absolute 
rectal bleeding subscore of ≤1 point) in the GEMINI I study 
after induction therapy at 0 and 2 weeks were randomized to 
receive vedolizumab 300 mg IV at 4 week intervals or 8 
week intervals or placebo for 46 weeks [ 30 ,  31 ]. Three hun-
dred seventy-three patients responded at 6 weeks and were 
randomized into the maintenance groups. Clinical remission 
at 52 weeks was seen in 15.9 %, 41.8 %, and 44.8 % in the 
placebo, 8 weekly, and 4 weekly groups, respectively. 
Mucosal healing at 52 weeks was seen in 19.8 %, 51.6 %, 
and 56 %, respectively. Glucocorticoid-free remission was 
higher in those receiving the drug compared to placebo. 

 Parikh et al. in 2013 published their long-term clinical 
experience with vedolizumab in patients with IBD for up to 
78 weeks [ 32 ]. Thirty-eight patients with UC were random-
ized to a loading regimen of vedolizumab 2, 6, or 10 mg/kg 
on days 1, 15, and 43 followed by maintenance every 8 
weeks. Fifteen vedolizumab-naïve patients with UC were 
randomized to vedolizumab in the same dosing/schedule. 
Seventy-two patients were dosed (53 UC and 19 CD) and 52 
(72 %) completed the study. Twenty-one of 53 UC patients 
achieved clinical response, and 38 of 53 UC patients achieved 
clinical remission. Mean partial Mayo scores declined from 
baseline through day 155 both in treatment-naïve patients 
with UC and rollover patients with UC. No deaths or sys-
temic opportunistic infections were reported, and the adverse 
event profi le was similar to previously observed. 

 A longer-term phase III trial is ongoing (GEMINI LTS). 
Patients from the earlier trials will have the option to enter an 
extended study receiving vedolizumab every 4 weeks for up 
to 100 weeks. The estimated completion date is March 2016. 

 In total, 579 patients or volunteers have participated in 
either phase I or phase II trials with 415 patients having 
received at least one dose of vedolizumab [ 22 ]. There was no 
signifi cant difference in adverse events between patients 
receiving vedolizumab and those receiving placebo. The most 
common adverse events were headache, nausea, exacerbation 
of UC, abdominal pain, fatigue, and nasopharyngitis. No cases 
of PML have been reported. 

 Vedolizumab is a promising new upcoming treatment 
for UC.  

    PF-547659 
 PF-547659 is a monoclonal antibody to MAdCAM-1. By 
blocking MAdCAM-1, leukocyte migration to the gut mucosa 
should be altered, thus decreasing the infl ammation in UC. 
See section discussing vedolizumab (Figs.  17.2  and  17.3 ). 

 In this fi rst in-human study which was a randomized, 
double- blind, placebo-controlled trial, 80 patients with active 
UC received placebo or PF-547659 (0.03–10 mg/kg IV/sc) 
in single or multiple (three doses every 4 weeks) doses [ 33 –
 36 ]. No side effects from the drug were noted. The overall 
response rates at week 4 were 52 % for patients treated with 
PF-547659 and 32 % for patients administered placebo. The 
overall remission rates at week 4 were 13 % for patients 
treated with PF-547659 and 11 % for patients administered 
placebo. The overall response rates at week 12 were 42 % for 
patients treated with PF-547659 and 21 % for patients 
administered placebo. The overall remission rates at week 12 
were 22 % for patients treated with PF-547659 and 0 % for 
patients administered placebo. 

 Due to the favorable safety profi le and effi cacy fi ndings in 
the aforementioned trial, PF-547659 may be a promising 
treatment option in the future for UC. Further larger trials are 
necessary, however.  

    AMG 181 
 AMG 181 specifi cally targets the α4β7 integrin heterodimer 
(similar to vedolizumab) and as a result blocks its interaction 
with mucosal addressin cell adhesion molecule-1 (MAdCAM-1) 
which thus mediates T-cell gut homing. The pharmacokinetics 
and pharmacodynamics and safety of the drug were fi rst studied 
in cynomolgus monkeys [ 37 ]. Pan and colleagues also evalu-
ated the same in health volunteers and patients with both 
Crohn’s disease and UC in a randomized, double-blinded, 
placebo-controlled ascending multiple- dose study [ 38 ,  39 ]. 

 Phase II studies (a 360-patient trial) had to be suspended 
for “inaccuracy in study documents required correction for 
future enrollees.” This was also the reason given for the 
 suspension of another placebo-controlled trial that aimed at 
recruiting 252 patients [ 40 – 43 ].  
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    AJM300 (α 4 -Integrin Inhibitor) 
 AJM300 is a small molecule administered orally and targeting 
the  α   4  -integrin subunit and as a result prevents mainly adhe-
sion and infi ltration of lymphocytes into an area of gastroin-
testinal infl ammation (Figs.  17.2  and  17.3 ). 

 On November 6, 2013, the company that is developing 
AJM300, Ajinomoto Pharmaceuticals Co., Ltd., has released 
data showing effi cacy of AJM300 in the treatment of UC 
[ 44 ]. This phase II, randomized, double-blind comparative 
study was performed for patients with moderately active 
ulcerative colitis and included 102 patients in 42 Japanese 
sites. The primary endpoint    was clinical response rate at 8 
week post-administration for the aim to induce remission 
and which was signifi cantly higher in the AJM300 treatment 
group compared to patients receiving placebo. These pre-
liminary studies suggest that AJM300 could provide an oral 
option for UC, but further investigative studies are needed.  

   Etrolizumab (rhuMAb-Beta7 or β 7 -Integrin 
Inhibitor) 
 Etrolizumab is a humanized monoclonal antibody targeting 
the integrin subunit  β  7  and as such blocks both α 4 β 7  and α E β 7  
integrins thus targeting the gastrointestinal system and avoid-
ing effects on the central nervous system (Figs.  17.2  and 
 17.3 ). 

 Stefanich et al. in 2011 evaluated anti-β 7  in cynomolgus 
monkeys and demonstrated inhibition of lymphocyte hom-
ing to the infl amed colons in severe combined immunodefi -
cient and CD45RB high  CD4 +  T-cell transfer models of 
infl ammatory bowel disease. The results also suggested that 
etrolizumab selectively blocked lymphocyte homing to the 
gastrointestinal tract without affecting lymphocyte traffi ck-
ing to non-mucosal tissues [ 33 ]. 

 In a phase I double-blind randomized within cohort, 
placebo- controlled study by Rutgeerts and colleagues pub-
lished in  Gut  (2013) involving 48 outpatients with moderate 
to severe UC, the safety and pharmacology of etrolizumab 
were evaluated [ 45 ,  46 ]. A single-ascending dose (SAD) 
stage followed by a multidose (MD) stage was involved. A 
single dose of etrolizumab (0.3, 1.0, 3.0, 10 mg/kg IV, 3.0 mg/
kg SC) or placebo was given in a 4:1 ratio to each group. This 
was followed by a MD stage in a different group of patients in 
which three doses of etrolizumab (0.5, 1.5, 3.0 mg/kg SC, 
4 mg/kg IV) or placebo were given monthly in a 4:1 ratio to 
each group. The Mayo score was evaluated on day 29 after 
the study drug administration in the SAD and after days 43 
and 71 in the MD stage. The drug was well tolerated. 
Headache was the most common adverse event occurring 
more often in actively treated patients. Eight patients had seri-
ous adverse events—seven were in the SAD stage (six treated 
with etrolizumab and one in the placebo group) and one was 
in the MD stage (etrolizumab treated). The most common 
serious adverse event was exacerbation of UC. In the SAD 
stage, two patients had impaired wound healing after an 

urgent colectomy for exacerbation of UC. A clinical response 
was observed in 12/18 patients and clinical remission was 
seen in 3/18 patients treated with etrolizumab in the MD 
stage compared to 4/5 and 1/5 patients treated with placebo. 
Two patients (one SAD stage, one MD stage) developed 
transient low level of JCV shedding but neither developed 
any symptoms or signs of progressive multifocal 
leukoencephalopathy. 

 A phase II randomized, double-blind, placebo-controlled 
induction study (EUCALYPTUS trial) by Vermeire and col-
leagues was published as an abstract [ 47 ]. This study’s aim 
was to evaluate the effi cacy and safety of etrolizumab in out-
patients with refractory moderately to severely active UC. The 
primary effi cacy endpoint was the proportion of patients in 
clinical remission at week 10, and the secondary endpoint was 
endoscopic remission. Patients were randomized to receive 
either two dose levels of etrolizumab (100 mg monthly SC or 
300 mg monthly SC + loading dose (LD) of 420 mg SC 
between weeks 0 and 2) or placebo for three doses. The Mayo 
score was evaluated at weeks 0, 6, and 10. Etrolizumab showed 
signifi cantly higher rates of clinical remission compared to 
placebo (100 mg dose 20.5 % and 300 mg + LD dose 10.3 % 
vs. 0 % ( P  = 0.004 and 0.049, respectively). In the anti-TNF 
naive subgroup, the rates of clinical remission at week 10 were 
signifi cantly higher in the 100 mg dose group compared with 
placebo (43.8 % vs. 0 %,  P  = 0.007). Endoscopic remission of 
10.3 % (100 mg dose) and 7.7 % (300 mg + LD) was seen 
compared to 0 % in the placebo group. In the anti-TNF naive 
subgroup, endoscopic remission was 25 % (100 mg) and 
16.7 % (300 mg + LD) vs. 0 %, respectively ( P  = 0.058 vs. 
placebo for the 100 mg dose group). Rates of adverse events 
were comparable. One etrolizumab- treated patient devel-
oped a rash and headache after the fi rst dose and was admit-
ted to the hospital for observation. Four actively treated 
patients (all in the 300 mg + LD dose group) developed with 
mild injection site reactions. 

 In summary, etrolizumab is a promising treatment for 
moderately to severely active UC, and further phase III stud-
ies are needed.  

   Alicaforsen (ISIS 2302) 
 Alicaforsen is a 20 base phosphorothioate oligodeoxy- 
nucleotide that hybridizes to a sequence in the 3′ untrans-
lated region of intercellular adhesion molecule 1 (ICAM-1) 
mRNA. The translated oligonucleotide RNA serves as a sub-
strate for the nuclease RNase-H. This results in a decrease in the 
production of ICAM-1 altering the intestinal infl ammation 
found in UC. 

 Initially, alicaforsen was tried intravenously and 
 subcutaneously in Crohn’s disease and was found to produce 
a rapid and persistent clinical response in a pilot trial of 15 
patients. However, two larger trials in steroid-dependent 
moderate CD did not show any greater effect than placebo. 
A thought was this because the drug could not reach the 
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intestinal tissue from the bloodstream. Therefore, an enema 
formulation was developed. 

 In an open-label uncontrolled study, 12 patients with 
chronic, unremitting pouchitis were treated with 240 mg ali-
caforsen enemas nightly for 6 weeks [ 48 ,  49 ]. Clinical evalu-
ation and pouchoscopy with biopsy were performed at 
baseline and at weeks 3, 6, and 10. The primary endpoint 
was reduction from the baseline of the pouchitis disease 
activity index (PDAI) at week 6. Secondary endpoints 
included the PDAI at week 10. A statistically signifi cant 
reduction in the PDAI from baseline to week 6 was observed 
(11.42–6.83,  P  = 0.001). Mean reductions in the endoscopy 
and clinical symptom subscore from baseline to week 3 and 
week 6 were seen and were statistically signifi cant. Ten of 12 
patients achieved a mucosal appearance score of 0 or 1 on 
endoscopy. By week 6, 58 % were in remission as defi ned by 
PDAI <7. The enemas were well tolerated. 

 In 2004, van Deventer et al. evaluated the safety and effi -
cacy of alicaforsen enemas in a randomized, placebo- 
controlled, double-blind escalating dose multicenter study 
after 1, 3, and 6 months [ 50 ]. There were 40 patients with 
mild to moderately active distal UC. Patients received 60 ml 
enema once daily for 28 consecutive days of different doses—
0.1, 0.5, 2, or 4 mg/ml. At day 29, the alicaforsen enema 
resulted in dose-dependent improvement in disease activity 
index (DAI) ( P  = 0.003). The 4 mg/ml enema improved dis-
ease activity index by 70 % compared with the placebo 
response of 28 % ( P  = 0.004). At month 3, the groups using 
the 2 and 4 mg/ml drug enemas improved DAI by 72 % and 
68 % compared with a placebo (11.5 %) ( P  = 0.016 and 
0.021, respectively). None of the patients in the 4 mg/ml 
group compared with 50 % of the placebo group required 
additional medical or surgical intervention over baseline 
during the 6-month period. The drug appeared safe. 

 In an open-label study in patients with UC published by 
Miner and colleagues in 2006, 15 patients with active UC 
received nightly enemas of ISIS 230 (240 mg) for 6 weeks 
[ 51 ]. There was a 46 % reduction in the mean DAI at the end 
of the 6-week treatment period; 5/15 (33 %) demonstrated 
complete mucosal healing. No serious adverse events 
occurred in the study. 

 Miner and colleagues in 2006 evaluated the effects of the 
alicaforsen enema to standard mesalamine enemas in patients 
with mild to moderately active left-sided UC in a random-
ized, double-blind, active-controlled, multicenter clinical 
trial [ 52 ]. Patients received 120 mg alicaforsen, 240 mg ali-
caforsen, or 4 g mesalamine enema every night for 6 weeks 
followed by a monitoring period of 24 weeks. The primary 
endpoint was the DAI at week 6 with clinical improvement, 
remission, and relapse as secondary endpoints. No signifi cant 
differences were seen in the DAI at week 6 between the groups. 
However, the median duration of response with the alica-
forsen enema was two- to threefold longer (128 and 146 days) 

compared to mesalamine (54 days). Complete mucosal 
healing occurred in 24 % of the 240 mg alicaforsen group 
compared to 17 % in the mesalamine group. The authors 
concluded that the alicaforsen enema had a more durable 
response compared to mesalamine enemas but otherwise had 
a profi le similar to mesalamine enemas. 

 A randomized, placebo-controlled, double-blind, two- 
dose multicenter study involving 112 subjects was performed 
in 2006 [ 53 ]. Patients were randomized to receive one of four 
alicaforsen enemas or placebo daily for 6 weeks. The pri-
mary endpoint was DAI at week 6. Secondary endpoints 
were clinical improvement, relapse rates, and durability of 
response. In this study, no difference was observed between 
the treatment arms and placebo in terms of DAI at week 6. 
However, there was a reduction in the mean DAI compared 
to baseline in the 240 mg alicaforsen enema group compared 
to placebo from week 18 to week 30 (51 % vs. 18 %  P  = 0.04, 
50 % vs. 11 %  P  = 0.03). 

 Finally, Vegter and colleagues performed a meta-analysis 
using individual patient data to evaluate the effi cacy and 
durability of alicaforsen enemas compared to placebo or 
high-dose mesalamine in patients with moderate or severe 
UC or disease up to 40 cm from the anal verge [ 54 ]. Effi cacy 
was analyzed for short-term (week 6–10) and long-term 
(week 30) outcomes. Alicaforsen showed superior effi cacy 
compared to placebo in patients with disease extent up to 
40 cm, patients with moderate and severe diseases, and espe-
cially when patients had either moderate or severe disease 
that extended up to 40 cm from the anal verge. Mesalamine 
showed short-term effi cacy, but at week 30, the effi cacy of 
mesalamine decreased and alicaforsen became signifi cantly 
more effi cacious.   

    Therapies That Target Chemokines 
and Chemokine Receptors 

 Chemokines promote the directed chemotaxis of leukocytes. 
Specifi cally, CXC chemokines are notable for their role in the 
initiation and amplifi cation of infl ammatory diseases such as 
infl ammatory bowel disease, and targeting chemokines and 
chemokine receptors are a novel mechanism in which to treat 
infl ammatory bowel disease [ 55 ,  56 ]. 

   BMS-936557 (Previously Termed MDX-1100) 
 Interferon-γ-inducible protein-10 (IP-10 or CXCL10) is a 
chemokine that plays an important role in the migration of 
cells into sites of infl ammation by infl uencing activation and 
migration of activated T cells, monocytes, eosinophils, 
natural killers, and epithelial and endothelial cells [ 57 ,  58 ]. 
The receptor for CXCL10 is CXCR3 but IL-10 also seems to 
modulate cellular function independently of CXCR3 [ 57 ]. 
CXCL10 has been found to be expressed in higher levels in 
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the colonic tissue and plasma of patients with UC [ 59 ,  60 ]. 
In animal models of UC, blocking CXCL10 has been shown 
to modify disease progression [ 58 ,  61 – 64 ]. BMS-936557 is 
a fully human, monoclonal antibody to CXCL10. 

 A phase I open-label, dose-escalation study of MDX- 
1100 has been performed in patients with UC using MDX- 
1100 [ 65 ]. The primary objective of this was to evaluate the 
safety of single doses of the drug in patients with UC fl ar-
ing on stable doses of standard therapy. Patients were off 
anti- TNF therapy for at least 8 weeks prior to the study. 
Cohorts of patients were given a single infusion of the drug 
at doses of 0.3, 1.0, 3.0, or 10 mg/kg and were followed for 
at least 70 days post-infusion. A clinical response was 
defi ned as UCDAI decrease by ≥3 points at day 29 com-
pared to baseline. Patients who responded were allowed to 
receive up to three additional infusions at the time of 
relapse. Peripheral blood mononuclear cells and colon 
biopsy specimens were studied for expression of CXCL10 
and CXCL10-induced proteins. Three patients in the 1.0 mg/kg 
and two patients in the 3.0 mg/kg cohorts had clinical 
responses; however, one patient in the 1.0 mg/kg cohort also 
was started on concomitant immunomodulator therapy 2 
months prior to MDX- 1100 administration. Two of three 
responding patients who relapsed after 50, 85, and 93 days, 
respectively, and who had then been given additional MDX-
1100 doses responded to re-treatment. One patient in the 
3.0 mg/kg cohort was admitted to the hospital for anemia and 
worsening UC requiring a colectomy, but otherwise the drug 
was well tolerated. 

 Mayer and colleagues in 2014 published data from an 
8-week phase II, double-blind, multicenter, randomized 
study in patients with active UC [ 57 ]. Patients with moder-
ately to severely active UC were given either BMS-936557 
(10 mg/kg) or placebo intravenously every other week. The 
primary endpoint was the rate of clinical response at day 57 
and secondary endpoints were clinical remission and muco-
sal healing rates. Fifty-fi ve patients received the drug and 54 
patients received placebo. Primary and secondary endpoints 
were not met. However, what was found was that with higher 
steady-state trough levels of BMS-936557 (108–235 μg/ml), 
there was an increased clinical response (87.5 % vs. 37 % 
 P  < 0.001) and histological improvement (73 % vs. 41 % 
 P  = 0.004) compared to placebo. Infections occurred in 
12.7 % of BMS-936557-treated patients and 5.8 % of 
placebo- treated patients. Two patients (or 3.6 %) discontin-
ued due to adverse events. 

 Therefore, BMS-936557 appears promising at higher drug 
levels. Further dose-response studies are needed at this time.  

   SB-656933 
 In humans, CXCR2 mediates neutrophil chemotaxis in 
response to tissue injury and many types of infections. 
Targeting the interaction of CXCR2 and its various ligands 

can potentially provide a potential mechanism to ameliorate 
neutrophil chemotaxis to sites of injury and thus 
infl ammation. 

 SB-656933 is a novel and selective CXCR2 antagonist in 
the development for the treatment of CF and COPD [ 56 , 
 65 – 67 ]. Polymorphonuclear migration to infl amed colonic 
tissue is a predominant feature of active UC. In preclinical 
models of colitis, SB-656933 has been shown to reduce 
polymorphonuclear neutrophil accumulation in the colon. 

 A 7 day open-label phase II study was underway evaluat-
ing the pharmacodynamics of daily dose of SB-656933 in 
patients with ulcerative colitis [ 68 ]. Primary outcome mea-
sures included changes from baseline to after 1 and 7 days in 
99mTc-HMPAO-labeled leukocyte single-photon emission 
computed tomography (SPECT) scintigraphic activity scores 
(SAS). Secondary outcome measures included the safety and 
tolerability of the drug, amount of medicine in the blood, 
changes in fecal calprotectin levels, and induced CD11b lev-
els in the blood. However, this study was terminated, and 
SB-656933 is no longer being developed for the treatment 
of UC.  

   Abatacept 
 T cells play a role in the pathogenesis of UC. T-cell activity 
requires co-stimulatory signaling through CD28 (on T lym-
phocytes) and CD80 or CD86 (on antigen-presenting cells). 
T-lymphocyte antigen 4 is cytotoxic and induced on the 
T-cell surface 24–48 h after activation. This activates the 
CD28-mediated co-stimulation of T cells and prevents CD28 
from binding to CD80 or CD86. 

 Abatacept is a recombinant fusion protein comprising a 
fragment of the Fc domain of human IgG1 and the extracel-
lular domain of human cytotoxic T-lymphocyte antigen 4. 
This product competes with CD28 for CD80 and CD86 bind-
ing to block the interaction between CD80/CD86 and CD28 
preventing the activation of T cells. 

 Abatacept is dosed intravenously every 2–4 weeks and 
has been shown to be effective for rheumatoid arthritis and 
juvenile idiopathic arthritis. In animal models of colitis, this 
has been shown to reduce infl ammation. 

 By contrast, Amezcu a-Guerra and colleagues reported a 
case of a patient with severe rheumatoid arthritis who devel-
oped ulcerative colitis while being treated with CTLA-4Ig 
[ 69 ]. The patient had seropositive RA refractory to treatment 
with 20 mg/week methotrexate (MTX), 1.5 g/day sulfasala-
zine (SSZ), 400 mg/day hydroxychloroquine, and 100 mg/
day azathioprine. The patient was in a CTLA-4Ig (10 mg/kg 
intravenously monthly) and methotrexate clinical trials. All 
other disease-modifying drugs were discontinued. The patient 
showed major clinical and serological responses with treat-
ment. Fifteen months into treatment, the patient developed GI 
symptoms of diarrhea, rectal bleeding, crampy abdominal 
pain, tenesmus, and weight loss, and as a result, CTLA-4Ig 
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and methotrexate were discontinued. After a thorough 
workup, the diagnosis of UC was made, and the patient was 
placed on mesalamine therapy with a good response. 
Eventually, the dose was reduced and the drug discontinued 
over the subsequent 3 months. Four months after stopping 
CTLA-4Ig, the patient remained asymptomatic for UC. 

 In placebo-controlled trials by Sandborn et al., abatacept 
was evaluated for the effi cacy and safety as induction and 
maintenance therapy in adults with active moderate to severe 
CD and UC [ 70 ]. Patients were randomized to the drug at 30, 
10, or 3 mg/kg or placebo and dosed at weeks 0, 2, 4, and 8. 
One hundred thirty-one patients with UC who responded to 
the drug at week 12 in induction trials were randomized to 
abatacept 10 mg/kg or placebo every 4 weeks through week 
52. In UC patients during the induction phase, 21.4 %, 
19.0 %, and 20.3 % of patients receiving abatacept 30, 10, 
and 3 mg/kg achieved a clinical response at week 12 vs. 
29.5 % receiving placebo ( P  = .124,  P  = .043, and  P  = .158, 
respectively). In the maintenance portion of the trial, 12.5 % 
vs. 14.1 % of patients receiving abatacept vs. placebo were 
in remission at week 52. Safety was comparable between the 
groups. In this study, abatacept was not found to be effi ca-
cious for the treatment of moderate to severe UC.    

    Fecal Microbiota Transplantation (FMT) 

 Fecal transplantation has attracted immense interest in the 
past several years and has been shown to be the most effec-
tive therapy for relapsing clostridium diffi cile infection. 
With advances in the understanding of the gastrointestinal 
microbiota in terms of structure and function, fecal trans-
plantation is being investigated in other conditions where 
dysbiosis may occur such as in UC (Fig.  17.4 ).

   A study was performed in children and young adults with 
UC recently and published by Kunde and colleagues in 2013 
[ 71 ]. Ten children between the ages of 7 and 21 with mild to 
moderate UC received freshly prepared fecal enemas daily 
for 5 days. Data was collected during the fecal transplant and 
then weekly for 4 weeks afterward. No serious adverse 
events were noted. Mild (cramping, fullness, fl atulence, 
bloating, diarrhea, blood in stool) to moderate (fever) adverse 
events were seen and were self-limiting. One patient could 
not retain the fecal enemas, and the average enema volume 
that was able to be tolerated by the remaining patients was 
165 ml/day. After the transplant, 78 % [ 7 ] showed clinical 
response within 1 week, 67 % [ 6 ] maintained clinical 
response at 1 month, and 33 % [ 3 ] achieved clinical remis-
sion at 1 week after the fecal transplant. Median PUCAI 
improved after transplant compared with baseline with a 
( P  = 0.03). 

 A systematic review which included 17 studies and 41 
patients with either UC or Crohn’s disease who underwent a 

FMT demonstrated that 76 % had a reduction or complete 
resolution in symptoms, 76 % had cessation of all IBD medi-
cations, 63 % were in “prolonged remission” of previously 
active disease [ 72 ,  73 ]. 

 In a publication by Harrell in 2012, 86 % of patients pre-
viously refractory to IBD medications became responsive to 
the meds after FMT [ 73 ,  74 ]. 

 Damman and colleagues compiled the data of three publi-
cations which involved nine patients with refractory 
IBD. Eight patients had UC, and 1 patient had Crohn’s dis-
ease. These patients were treated with fecal enemas, and all 
patients were in remission between 3 months and 13 years 
[ 75 ]. 

 An ongoing phase II randomized, double-blind, con-
trolled trial led by Paul Moayyedi and Christine Lee at 
McMaster University and St. Joseph’s Hamilton Healthcare 
is evaluating fecal biotherapy (compared to placebo) in the 
form of weekly enemas (from healthy unrelated donors) for 
6 weeks and its effi cacy in the treatment of adults with active 
UC [ 76 ]. The primary outcome studied is remission of UC 
and mucosal healing. The secondary outcomes evaluated are 
endoscopic and clinical remission and improvement of 
symptoms. 

 There is a phase II randomized, double-blind, controlled 
study (FOCUS) of the effi cacy and safety of FMT in the 
treatment and induction of remission in adults with mild to 
moderately active UC (>3 months duration excluding iso-
lated proctitis <5 cm) that is being led by researchers at the 
University of New South Wales between September 2013 
and 2016 [ 77 ]. Patients will either get a FMT infusion (from 
healthy screened donors) or a placebo (saline and glycerol) 
infusion. The primary outcome measured is clinical remis-
sion at 8 weeks as measured by Mayo subscores. The sec-
ondary outcomes measured will be endoscopic and clinical 
remission (Mayo subscores and UCEIS), clinical response 
(Mayo subscores), endoscopic healing (UCEIS), treatment 
failure rate (Mayo subscores), quality of life (IBDQ), and 
safety and tolerability (adverse event data) in the 8-week 
study period. 

 Several other clinical trials are currently in progress 
throughout the United States as on the clinicaltrials.gov 
website (including the University of Chicago) and other 
countries evaluating FMT in pediatric and adult patients 
with IBD [ 78 ]. 

 Although fecal transplantation seems promising, there 
have been studies that have demonstrated otherwise. De 
Leon and colleagues in 2013 reported a patient with UC that 
had been quiescent for more than 20 years who developed 
a fl are of UC after fecal microbiota transplantation [ 79 ]. 
The patient’s colitis was under control without any mainte-
nance medications prior to the fecal transplant and, after fl ar-
ing, was treated with a short-term increase in his usual low 
prednisone dose for his panhypopituitarism in addition to 
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  Fig. 17.4    Fecal microbiota 
transplantation. Created from 
data taken from Brandt, LJ and 
Aroniadis OC. An overview of 
fecal microbiota transplantation: 
techniques, indications, and 
outcomes. Gastrointestinal 
Endoscopy 2013; 78(2): 240–249 
[ 73 ]       
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oral and topical mesalamine. Eventually, he was weaned 
back down to his usual low-dose prednisone and kept on oral 
mesalamine for maintenance. In a study by Kump and col-
leagues in 2013, six patients with chronic active UC not 
responsive to standard medical therapy were treated with 
FMT through colonoscopy [ 80 ]. Changes in the colonic 
microbiota were assessed from mucosal and stool samples. 
All patients experienced short-term clinical improvement 
within the fi rst 2 weeks after FMT. However, none achieved 
clinical remission. Microbiota evaluation showed differences 
before and after FMT. In three patients, the microbiota 
changed to one similar to the donor, but this did not correlate 
with the clinical response. 

 FMT is a potential future therapeutic option for treating 
UC. However, at this time, based on the limited evidence 
available, FMT cannot yet be recommended at this time. 

     Andrographis paniculata  Extract (HMPL-004) 

     Andrographis paniculata  is a member of the plant family 
Acanthaceae and has been an herbal remedy used in Asian 
countries like China and India. Extraction of  A. paniculata  
leads to a mixture of herbs that has been shown in vitro to 
have inhibitory activity against TNF-α, IL-1β, and NF-Κb 
[ 81 – 84 ]. 

 A phase I study was performed using HMPL-004 in China 
[ 85 ]. Then, Tang and colleagues performed a randomized, 
double-blind, 8-week parallel group study using HMPL-004 
1,200 mg⁄day compared with 4,500 mg⁄day of slow release 
mesalamine granules. One hundred twenty patients with mild 
to moderately active ulcerative colitis were included [ 86 ]. 
At week 8, 21 % vs. 16 % of patients treated with HMPL-
004 vs. mesalamine, respectively were in clinical remission. 
Seventy-six percent and 82 % had more than a 25 % reduc-
tion in symptoms in the HMPL-004 and mesalamine groups, 
respectively. 15⁄53 (28 % of patients in the intention-to-treat 
population) vs. 13⁄55 (24 %) in the HMPL- 004 vs. mesala-
mine treatment groups had mucosal healing. The incidence of 
the most common adverse events was similar in the two 
groups. Seven patients were withdrawn from the study due to 
adverse effects (two patients in the HMPL- 004 group and fi ve 
patients in the mesalamine group). Two patients had serious 
adverse effects, and they were both from the HMPL-004 
group. One of the SAEs was worsening of UC requiring hos-
pitalization. The other was pregnancy (with a normal birth). 

 Sandborn and colleagues in 2013 published results from a 
randomized, double-blind, placebo-controlled trial evaluat-
ing the effi cacy of HMPL-004 in patients with mild to mod-
erate ulcerative colitis [ 87 ,  88 ]. Two hundred twenty-four 
adults were randomized to HMPL-004 1,200 or 1,800 mg 
daily or placebo for 8 weeks. Fifty-two percent (78 of 148) 
of patients receiving  A. paniculata  were in clinical response 

at week 8 as compared with 40 % (30 of 75) receiving 
placebo ( P  = 0.092). A dose response for  A. paniculata  was 
demonstrated. Forty-fi ve percent ( A. paniculata  1,200 mg 
daily) vs. 40 % (placebo) were in clinical response at week 8 
( P  = 0.5924). Sixty percent of patients receiving  A. panicu-
lata  1,800 mg daily vs. 40 % receiving placebo were in clini-
cal response at week 8 ( P  = 0.0183). Thirty-six percent vs. 
25 % (drug vs. placebo) were in clinical remission at week 8 
( P  = 0.1173). The rates of clinical remission for both doses of 
the drug were not signifi cantly greater than placebo, although 
there was a trend toward signifi cance for the 1,800 mg dose, 
 P  = 0.1011. In all, 44 % vs. 33 % of patients receiving  A. 
paniculata  vs. placebo, respectively, achieved mucosal heal-
ing at week 8 ( P  = 0.1309). The rate of mucosal healing for the 
1,800 mg dose was signifi cantly greater than placebo, but this 
was not true for the 1,200 mg group; therefore a dose response 
was seen. The incidence of adverse events was generally 
similar through week 8 although a mostly mild and revers-
ible rash occurred in 8 % of patients receiving  A. paniculata  
(compared to 1 % of patients receiving placebo).   

    Conclusion 

 There are currently many agents in the pipeline for the treat-
ment of ulcerative colitis that infl uence the disease course 
through either established or new mechanisms, and some of 
these treatments will be coming to market in the next decade. 
Also, with obtaining further information about the pathogen-
esis of IBD, many more therapeutic options will be developed, 
making this an exciting time in respect to the management of 
IBD in general.     
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     The role of bacteria and antibiotics in the pathophysiology 
and treatment of ulcerative colitis has been postulated for 
over 60 years [ 1 – 3 ]. The fi rst case reports of the use of anti-
biotics to treat infl ammatory bowel disease (IBD) were pub-
lished in the 1940s. Multiple studies since then have 
demonstrated a role for antibiotics in the treatment of peri-
anal Crohn’s disease (CD) and complications of IBD such as 
peritonitis, abscesses, and bacterial overgrowth [ 4 – 6 ]. The 
role for antibiotics in the treatment of ulcerative colitis (UC) 
has not been as clearly delineated. 

 Dysbiosis and microbiome alterations in the intestinal tract 
have been appreciated in several diseases, both within the gas-
trointestinal tract and beyond. The development of early bac-
terial populations in newborns can be modifi ed by the delivery 
method at birth and antibiotic exposure, and these changes in 
bacterial composition may be long lasting [ 7 – 9 ]. Such modifi -
cations appear to have a signifi cant impact on the early stages 
of postnatal immunologic development, potentially predispos-
ing individuals to the development of autoimmune diseases 
such as type I diabetes, food allergies, and asthma [ 10 – 12 ]. 

 Microbial composition has been demonstrated to play a 
signifi cant role in IBD and other chronic diseases. Murine 

studies have demonstrated that mice raised in a germfree 
environment, i.e., lacking enteric fl ora, do not develop colitis 
despite a genetic predisposition to do so. These mice only 
develop colitis once specifi c commensal bacteria have been 
introduced [ 13 ,  14 ]. In humans with colitis, alterations in the 
location and concentration of intraluminal bacteria in relation 
to areas of infl ammation have been appreciated [ 15 ,  16 ]. 
Modifi cations in microbial composition of the enteric micro-
biome have been demonstrated in several studies of humans 
with IBD, with increases in  Bacteroides, Escherichia coli,  
and  Clostridium  species, as well as downregulation of 
 Bifi dobacterium  and  Lactobacillus  species [ 4 ,  15 ,  17 ,  18 ]. 
There is a growing evidence demonstrating that these changes 
in fl ora may not only differ between different patients and 
phenotypes of IBD but also may differ signifi cantly in local 
regions of the bowel in a single patient due to the presence or 
lack of infl ammation in that specifi c region of the intestine 
[ 19 ,  20 ]. The composition of the gut microbiome may also 
have far-reaching implications, with studies suggesting a link 
between intestinal bacteria and the risk of type I diabetes 
mellitus, cardiovascular disease, and eczema [ 21 ,  22 ]. 

 Given the growing body of evidence suggesting an effect 
of dysbiosis of the gut microbiome in IBD and other chronic 
medical conditions, medical therapy aimed at modulating 
these bacterial populations may have a signifi cant impact on 
the resultant disease. Downregulating potentially deleterious 
organisms while upregulating benefi cial strains could affect 
the degree of infl ammation and alter the course of disease. 
This chapter will explore the current evidence that exists for 
therapies designed to directly modulate the gut fl ora in ulcer-
ative colitis (UC), focusing on three classes of such treat-
ment: (1) probiotics, which consist of live bacterial agents 
used to modify the composition of enteric fl ora; (2) prebiotics, 
or oligosaccharides and other compounds designed to affect 
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the growth of particular bacteria within the gut; and (3) 
antibiotics, or targeted pharmaceutical agents given to either 
limit the growth or kill specifi c bacteria. 

    Probiotics 

 The hypothesis that specifi c strains of bacteria could be used 
to modulate the behavior of other bacteria and provide benefi t 
to the host organism is often attributed to Elie Metchnikoff. In 
1907, he proposed that the prolonged life spans of Bulgarians 
were due to lactic acid and other compounds produced by 
 Bacillus  species and other bacteria they consumed in sour 
milk on a daily basis, citing that these compounds inhibited 
other bacteria from producing toxins capable of producing 
“intestinal putrefaction” [ 23 – 25 ]. Despite these observations 
and those made by several other physicians and scientists of 
the potential benefi cial effect of certain strains of bacteria, it 
was not until 1965 that the word “probiotic” was fi rst used. 
This term was fi rst used to describe certain products produced 
by one strain of bacteria in culture that would promote the 
growth of another strain of bacteria [ 26 ]. This defi nition has 
been refi ned several times since its inception to incorporate 
the concept that these compounds should consist of living bac-
teria, with the most widely accepted defi nition currently being 
“live microorganisms, which when consumed in adequate 
amounts, confer a health effect on the host” [ 27 – 29 ]. 

 A number of commensal bacteria have been assessed as 
potential probiotics. While the initial commentary of promi-
nent luminaries such as Metchnikoff and Tissier promoted the 
development of many compounds claimed to be probiotics, 
it has only been over the past 20 years that researchers have 
attempted to defi ne and purify specifi c strains of bacteria and 
test the effi cacy of these agents experimentally [ 24 ]. The 
majority of probiotic species used today are lactic-acid- 
producing strains such as  Lactobacillus  species,  Bifi dobacteria  
species,  Enterococcus ,  Lactococcus ,  Leuconostoc mesenteroi-
des ,  Pediococcus acidilactici ,  Sporolactobacillus inulinus , 
and  Streptococcus thermophilus . Additionally,  Escherichia 
coli  Nissle 1917 and  Saccharomyces boulardii , a yeast, have 
also been used as probiotics. 

 In addition to the individual strains noted above, there 
have been several studies looking at combinations of several 
bacteria, with the most studied combination being VSL#3. 
VSL#3 consists of 8 bacterial strains, including  L. plantarum , 
 L. casei ,  L.acidophilus ,  L. bulgaricus ,  B. infantis ,  B. longum , 
 B. breve , and  Streptococcus thermophilus  [ 30 ].  

    Probiotic Mechanisms of Action 

 There are a number of potential mechanisms of action for 
probiotic bacteria, and different strains have been shown to 
use different combinations of mechanisms. It is likely that 

each strain or combination of strains has multiple effects on 
the epithelial barrier, host immune system, and other bacte-
rial populations within the gut. 

 Probiotics have been shown to have signifi cant effects on 
the composition of a host’s microbiome. These commensal 
organisms are capable of inhibiting the growth of or killing 
pathogenic bacteria via the production of antimicrobial pep-
tides known as bacteriocins [ 31 ]. Both  Lactobacillus  and 
 Bifi dobacteria  species have demonstrated direct effects 
against  Salmonella typhimurium  via this mechanism [ 32 ,  33 ]. 
Furthermore, as probiotic commensal populations expand, 
they can compete with pathogenic strains for various epithe-
lial and mucin binding sites, preventing detrimental local 
mucosal surface colonization by more harmful, invasive bac-
teria while promoting the growth of benefi cial strains [ 34 , 
 35 ].  Lactobacillus  species have been shown to increase the 
biodiversity of not only other  Lactobacilli  strains in patients 
with UC but also increase  Bifi dobacteria  strains in neonates 5 
days after birth when given to mothers prior to birth [ 36 ,  37 ]. 
VSL#3 has been shown to increase biodiversity in a DSS-
based murine model, independent of its effects on mucosal 
infl ammation or mucin production. This probiotic has also 
been shown to increase bacterial biodiversity while decreas-
ing fungal biodiversity in patients with UC [ 38 ,  39 ]. It remains 
unclear whether these modulations in microbiome composi-
tion consistently translate into clinically meaningful changes, 
however [ 40 ]. 

 Another potential mechanism of action of probiotic bac-
teria is direct modifi cation of mucosal immunity via promot-
ing barrier formation, upregulating defensin production, 
stimulating IgA production, and modulating local cytokine 
production. Both  Lactobacillus  and VSL#3 have been shown 
to promote mucous secretion, which functions as a protective 
layer against bacterial infi ltration [ 41 ,  42 ].  Lactobacillus , 
 E. coli  Nissle, and VSL#3 are capable of upregulating genes 
responsible for defensin production [ 43 – 45 ]. These small 
peptides have direct antibacterial properties. 

 Several strains of commensal bacteria have exhibited the 
ability to directly modulate cytokine production. One study 
of patients with UC treated with 5-aminosalicylate (5-ASA) 
and  Lactobacillus  versus 5-ASA alone showed that 6 weeks 
of probiotic treatment reduced levels of IL-6, TNF-α, NF-κB, 
and leukocyte recruitment compared to controls [ 46 ]. 
 Bifi dobacterium  has demonstrated similar effects in UC, 
reducing TNF-α, IL-8, and NF-κB+ mononuclear cells in 
colonic biopsies of infl amed mucosa [ 47 ].  

    Probiotics in Ulcerative Colitis 

 Given the multitude of potential modulatory effects that 
probiotics have demonstrated in vitro and in murine models, 
there have been several recent studies ascertaining the 
clinical effects of these bacteria in patients with IBD. 
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The most extensive research has been done in pouchitis, but 
there is an expanding literature on the use of these agents in 
UC as well. Several studies have assessed different probiotic 
formulations, as well as different doses for these products. 

 Several agents have been assessed for their ability to 
induce remission in active UC. VSL#3, one of the more 
extensively studied probiotics in UC, has demonstrated the 
potential to induce remission and when used in combination 
with balsalazide was superior compared to balsalazide or 
mesalazine alone [ 48 ,  49 ]. In 2009, Sood et al. assessed the 
effi cacy of VSL#3 in inducing remission in patients with 
mild to moderately active UC in a randomized, placebo- 
controlled trial [ 50 ]. Seventy-seven patients were random-
ized to the treatment arm, receiving 3,600 billion colony 
forming units (CFU) per day, compared to placebo. At 12 
weeks, 42.9 % of the patients receiving VSL#3 were in 
remission, compared to 15.4 % of placebo-receiving patients 
( P  < 0.001). 32.5 % of patients in the treatment arm had a 
UCDAI decrease >50 %, compared to 10 % in the placebo 
arm. This study did have signifi cant loss to follow-up, and 
the placebo arm had more patients on azathioprine which 
may indicate increased severity of disease in the placebo 
group [ 51 ]. In 2010, Tursi et al. conducted a randomized, 
placebo-controlled trial, using VSL#3 3600 billion CFU per 
day in 2 divided doses, with a primary end point of reduction 
of UCDAI >50 % at 8 weeks [ 52 ]. 57.7 % (41/71) of the 
patients in the treatment arm met this primary end point, 
compared to 39.7 % (29/73) in the placebo group ( p  = 0.031). 
Induction of remission at 8 weeks was also assessed, though 
there was no signifi cant difference between groups for this 
end point (43.7 % vs. 31.5 %,  p  = 0.132). 

 Several studies have also examined the role of 
 Bifi dobacterium  and other probiotics in inducing remission. 
Kato et al. examined the effi cacy of  Bifi dobacteria  in the 
induction of remission in 20 patients with mild to moderately 
active UC, randomizing them to a  Bifi dobacteria -fermented 
milk preparation versus placebo. Signifi cant clinical 
improvement occurred in both the treatment group and pla-
cebo group, though signifi cant endoscopic improvement 
occurred only in the treatment arm [ 53 ]. Furrie et al. also 
examined the effi cacy of  Bifi dobacteria  in combination with 
a prebiotic compared to placebo in 18 patients with active 
UC for 1 month. While reductions in sigmoidoscopic scores 
were appreciated in the treatment arm, they were not statisti-
cally signifi cant [ 54 ]. A newer agent, BIO-THREE, which 
contains  Streptococcus faecalis ,  Clostridium butyricum , and 
 Bacillus mesentericus , was recently assessed in a small case 
series of 20 UC patients, demonstrating induction of remis-
sion in 9 of 20 patients and improvement in UCDAI in an 
additional 2 of 20 patients [ 55 ]. While promising, this agent 
will need further evaluation in prospective, randomized, 
placebo- controlled studies. 

 There have also been multiple systematic reviews of stud-
ies of probiotics for induction of remission. A Cochrane anal-

ysis in 2007 showed no evidence that probiotics were superior 
to ASA compounds or placebo for induction of remission. 
This pooled analysis was conducted prior to the Tursi and 
Sood studies, however [ 56 ]. A recent meta- analysis by Sang 
et al., published in 2010, assessed 13 randomized controlled 
trials involving several different preparations of probiotics, 
including  E. coli  Nissle,  Bifi dobacterium ,  Lactobacillus  GG, 
VSL#3, and a combination product containing both 
 Bifi dobacterium  and a prebiotic oligosaccharide called synbi-
otic [ 57 ]. The authors found no signifi cant improvement in 
remission rate (OR 1.35, 95 % CI 0.98–1.85), though there 
was signifi cant heterogeneity. The authors then performed an 
analysis stratifi ed by probiotic, and neither  E. coli , 
 Bifi dobacterium , nor VSL#3 demonstrated statistically sig-
nifi cant improvement. However, This analysis also did not 
include the most recent study of VSL#3 by Tursi et al. The 
authors concluded that there was no signifi cant benefi t for 
using probiotics in inducing remission. 

 There have also been several studies assessing probiotics 
for the maintenance of remission as well. Kruis et al. exam-
ined the effi cacy of  E. coli  Nissile 1917 for maintenance of 
remission compared to mesalazine and found them to have 
equivalent effi cacy [ 58 ]. Kruis later assessed  E. coli  Nissile 
1917 versus mesalazine in a larger randomized controlled 
trial of 327 patients with UC over 12 months. At the end of 
the study period, intention to treat analysis demonstrated that 
45.1 % of patients receiving  E. coli  relapsed, compared to 
37.0 % in the mesalazine group, with signifi cant equivalence 
between the two groups [ 59 ]. Rembacken also examined 
the ability of  E. coli  to maintain remission in those who had 
successfully entered remission on prior  E. coli  therapy ver-
sus those who had entered remission on mesalazine. The pro-
biotic preparation maintained remission in 67 % of patients, 
compared to 73 % who maintained remission with mesala-
zine [ 60 ]. These results were not signifi cantly different. 
 Lactobacillus  GG has also been assessed in comparison to 
5-ASA in prevention of relapse, without signifi cant differ-
ence between groups [ 61 ].  Bifi dobacterium  was also assessed 
for maintenance of remission in two small studies published 
in 2004, with both studies demonstrating potential benefi t for 
these agents [ 62 ,  63 ]. Given the small sample size, further 
research regarding this agent is required. 

 A recent systematic review has attempted to synthesize these 
results for maintenance of remission. Sang et al. assessed 
eight randomized controlled trials involving several different 
probiotics [ 57 ]. The authors found no signifi cant improvement 
in prevention of relapse (OR 0.69, 95 % CI 0.47–1.01). Yet as 
with the induction trials, there was profound heterogeneity in 
both of these analyses. When assessing only placebo-con-
trolled studies, there was a signifi cant benefi t of probiotic 
therapy in maintaining remission, with a remission ratio of 
0.25 (95 % CI 0.12–0.51); there was no signifi cant heteroge-
neity in this subgroup. Non-placebo-controlled trials did not 
demonstrate statistically signifi cant benefi t. Overall, the 
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authors concluded that probiotics potentially provide benefi t 
in the maintenance of remission. The degree of heterogeneity 
and variety of methods, agents, controls, and study duration in 
this meta-analysis make interpretation diffi cult. 

 In summary, with growing information on the impact of 
intestinal fl ora in disease activity and laboratory data demon-
strating the benefi cial effects of several specifi c strains of 
commensal bacteria, probiotics represent a potential adjunct 
to the current armamentarium in IBD. The data on effi cacy 
of inducing and maintaining remission in UC has been 
mixed, although several recent placebo-controlled trials of 
VSL#3 have demonstrated benefi t. A meta-analysis for 
induction of remission, which does not include two of the 
most recent trials and includes a heterogenous pool of 11 
studies, has not confi rmed these results. However, Another 
meta-analysis for maintenance of remission did appreciate a 
benefi t when isolating only placebo-controlled trials. Further 
randomized controlled trials are still needed to confi rm the 
effi cacy of various probiotic preparations such as VSL#3 and 
 Bifi dobacterium  in ulcerative colitis. Table  18.1  lists the pro-
biotic clinical trials for induction and maintenance of remis-
sion in ulcerative colitis.

       Probiotics in Pouchitis 

 There have been several studies assessing the effi cacy of pro-
biotics in pouchitis. Pouchitis occurs in up to 45 % of patients 
after proctocolectomy and is thought to be secondary to 
alterations of the luminal fl ora in the pouch [ 64 ]. This 
hypothesized pathophysiology has made pouchitis an attrac-
tive candidate for probiotic therapy. In 2000, Gionchetti et al. 
published a randomized, double-blind, placebo- controlled 
trial assessing VSL#3 at 900 billion CFUs twice daily in the 
maintenance of remission of pouchitis in UC [ 30 ]. Forty 
patients in clinical and endoscopic remission were enrolled 
in the trial and followed for 9 months. Fifteen percent of 
patients (3 of 20) in the VSL#3 arm and 100 % (20/20) of the 
placebo arm relapsed. Gionchetti also demonstrated that the 
same dose of VSL#3 was capable of preventing onset of pou-
chitis after surgery in 2003 [ 65 ]. In 2004, Mimura et al. were 
able to demonstrate that a once daily dose of 600 billion 
CFUs of VSL#3 maintained remission in 85 % of pouchitis 
patients, compared to 5 % in the placebo arm [ 66 ]. A meta-
analysis published in 2007 assessed 5 randomized controlled 
trials of probiotics in pouchitis. This study demonstrated an 
overall OR of 0.04 (95 % CI 0.0–0.14,  p  < 0.0001). There 
was signifi cant heterogeneity between trials and variability 
in probiotics used, with one trial using  Lactobacillus rham-
nosus  GG, while the other four used VSL#3 [ 67 ].  

    Prebiotics and Synbiotics 

 The term “prebiotic” was coined by Glenn R. Gibson and 
Marcel B. Roberfroid in 1995 as “nondigestible food ingre-
dients that benefi cially affect the host by selectively stimulat-
ing the growth and/or activity of one or a limited number of 
bacterial species already resident in the colon, and thus 
attempt to improve host health” [ 68 ,  69 ]. This defi nition was 
refi ned in 2007 by Roberfroid to “a selectively fermented 
ingredient that allows specifi c changes, both in the composi-
tion and/or activity in the gastrointestinal microfl ora that 
confers benefi ts upon host well-being and health” [ 70 ]. 
Combining a prebiotic and probiotic in the same preparation 
is considered a “synbiotic” [ 69 ]. Such combinations are 
thought to enhance colonization, survival, and function of 
the probiotic species. 

 Prebiotics typically consist of oligosaccharides and poly-
saccharides that cannot be digested by the human host but 
can be digested by specifi c bacteria in the gut, providing 
them with a selective advantage. To be considered a prebi-
otic, a compound must be completely resistant to the host 
digestive tract, including gastric acid, host hydrolytic 
enzymes, and direct absorption. The compound must then be 
fermentable by host bacteria, resulting in stimulation of spe-
cifi c commensal bacteria. Two compounds that have been 
extensively researched and meet these criteria are inulin and 
trans-galactooligosaccharides (TOS) [ 70 ]. The bacterial “tar-
gets” of these agents are typically the same bacteria deliv-
ered in common probiotic formulation. When added to both 
pure strains of colonic fl ora and cultured human feces, inulin 
has been shown to selectively promote the growth of 
 Bifi dobacterium  and may even inhibit the growth of other 
species such as  C. perfringens  and  E. coli  in mixed culture 
[ 71 ]. Furthermore, the end products of fermentation of these 
sugars include short chain fatty acids (SCFAs), which are an 
energy source of colonic enterocytes [ 69 ]. 

 Research into the effects of both prebiotics and synbiotics 
in human disease, particularly with regard to disorders of the 
gastrointestinal tract, has begun. Inulin, oligofructose, and 
TOS have been assessed in the management of constipation, 
which is thought to be secondary to dysbiosis. A review by 
Macfarlane published in 2007 assessed 7 trials of various 
types and doses of prebiotics, with only two demonstrating a 
statistically signifi cant improvement in stool output [ 72 ]. 
Further research has demonstrated a potential role for fruc-
tooligosaccharides (FOS) in a placebo-controlled, random-
ized trial, though results did not reach statistical signifi cance 
[ 73 ]. Additional research demonstrated potential improve-
ment in some symptoms in IBS with administration of TOS 
as well, though further research is required [ 74 ]. 
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 With regard to ulcerative colitis, there have been several 
animal models suggesting effi cacy, but there is limited 
human data. The effects of a wide range of agents, including 
FOS, inulin, lactulose, or combinations thereof, have demon-
strated effi cacy in increasing the quantity of  Bifi dobacterium  
and  Lactobacillus  species in several animal models of colitis, 
as well as modulating infl ammatory markers [ 72 ,  75 – 79 ]. 
Controlled trials in humans are limited, however. Furrie et al. 
conducted a small randomized, placebo-controlled trial in 18 
patients of a 1-month course of a synbiotic containing 
 Bifi dobacterium longum  and a combination of inulin and 
oligofructose [ 54 ]. Patients were assessed before and after 
therapy via clinical index, endoscopic score, and several 
immunologic markers such as defensin excretion, TNF-α, 
IL-1α, and IL-10. After therapy with the synbiotic, all 
patients had a signifi cant reduction in defensins, TNF-α, and 
IL-1α. There was also a 42-fold increase in concentration of 
 Bifi dobacterium  on mucosal biopsies, determined via rRNA, 
after therapy. Histologically, there was also reduced infl am-
mation in those in the treatment arm as well as reduced clini-
cal symptoms. Statistical signifi cance was not reported for 
these outcomes, however. Fujimori et al. conducted a 
3-armed trial of a synbiotic ( Bifi dobacterium  and psyllium) 
versus probiotic alone versus prebiotic alone in 120 patients 
with mild UC or in remission for 4 weeks [ 80 ]. Only the 
synbiotic group appreciated an improvement in IBDQ, a 
validated questionnaire of IBD symptoms and quality of life. 

 In summary, prebiotics and synbiotics represent a new 
method of modifying the microbiome, promoting the growth 
of potentially benefi cial commensal and probiotic strains. 
There is a small but growing body of literature of the effect 
of these oligosaccharides on microbiome composition and 
their ability to modulate infl ammation. There are also several 
small, randomized controlled trials, but much more research 
is needed to assess the effi cacy of these agents.  

    Antibiotics 

 As previously noted, the fi rst publications of antibacterial 
agents being used to treat IBD were published in the 1940s 
[ 1 – 3 ]. However, the role of antibiotics in the pathogenesis 
and treatment of IBD has become considerably more com-
plex since these early studies. Recent research has demon-
strated that antibiotic exposure has been shown to have a 
signifi cant and long-lasting effect on microbiome composi-
tion in neonates and infants [ 81 ,  82 ]. Amoxicillin can mark-
edly reduce  Lactobacillus  species in the gut after 
administration, and this has been shown to have a signifi cant 
effect on developmental gene expression in enterocytes [ 83 ]. 
Antibiotic-related dysbiosis has also been shown to create a 
permissive environment for several invasive, pathogenic 
strains of bacteria, including  Clostridium diffi cile , 

 Clostridium perfringens ,  Salmonella  species, and  E. coli  
O157:H7    [ 84 – 86 ]. Promotion of these species may exacer-
bate IBD-related infl ammation. 

 There is intriguing new data that suggests antibiotic 
exposure may increase the risk of later developing 
IBD. Margolis et al. performed a retrospective study in The 
Health Improvement Network database in the UK, assessing 
94,487 patients with acne for exposure to tetracycline anti-
biotics. Tetracyclines are frequently used in the treatment of 
acne, and this class includes drugs such as minocycline, tet-
racycline, oxytetracycline, and doxycycline. The authors 
detected an increased risk of developing IBD with exposure 
to any of these antibiotics, with a hazard ratio (HR) of 1.39 
(95 % CI 1.02–1.90). When stratifi ed by IBD subtype and 
antibiotic, tetracycline/oxytetracycline remained associated 
with an increased risk of CD, while no antibiotics main-
tained signifi cance for UC [ 87 ]. Further epidemiologic and 
animal- based research is needed to explore this potential 
relationship between antibiotic exposure and risk for 
developing IBD. 

 Once IBD has developed, antibiotic exposure may actu-
ally have a protective effect. A recent population-based 
cohort study using the General Practice Research Database 
(GPRD) in the UK assessed this effect [ 88 ]. The authors 
studied 1,205 patients with CD and 2,230 patients with UC, 
with a median of approximately 4 years’ follow-up time for 
each group. In this cohort, exposure to antibiotics was asso-
ciated with an overall reduced risk of disease fl are for CD, 
with an OR of 0.78 (95 % CI 0.64–0.96), but this association 
was not present for UC. This protective effect was strongest 
with more recent exposure, suggesting that the acute changes 
in the microbiome may be responsible.  

    Antibiotics in the Management 
of Ulcerative Colitis 

 There have been a multitude of studies looking at the role of 
antibiotics in the treatment of IBD. The two most commonly 
used classes of antibiotics are the fl uoroquinolones, such as 
ciprofl oxacin and levofl oxacin, and the nitroimidazoles, 
including metronidazole. The combination of these two 
classes of antibiotics provides broad-spectrum coverage 
against most enteric bacteria, with the fl uoroquinolone pro-
viding coverage against gram-negative and gram-positive 
aerobes and metronidazole covering gram-negative and 
gram-positive anaerobes [ 4 ]. Both classes are typically well 
tolerated, although fl uoroquinolones can cause nausea, vom-
iting, abdominal pain, diarrhea, lightheadedness, photosensi-
tivity, and an increased risk of tendon rupture. Side effects 
due to metronidazole include dysgeusia, resulting in a metal-
lic taste. It has also been associated with nausea, vomiting, 
diarrhea, abdominal cramping, and a disulfi ram-like reaction 
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when combined with alcohol. Another common, though 
more serious, complication of metronidazole is peripheral 
neuropathy. The risk of this side effect appears to increase 
with prolonged exposure and increasing dose. It typically 
resolves upon cessation of the drug but may persist. A newer 
agent that has been assessed in several recent trials is rifaxi-
min. This nonabsorbable rifamycin derivative is a nonab-
sorbable antibiotic with broad-spectrum coverage against 
gram-positive and gram-negative aerobes and anaerobes and 
is also well tolerated. 

 There appears to be an established role for antibiotic ther-
apy in pouchitis. A small, randomized controlled trial by 
Madden et al. examined the benefi t of metronidazole versus 
placebo in pouchitis in 1994. The authors appreciated a sta-
tistically signifi cant decrease in the number of bowel move-
ments, but no signifi cant endoscopic or histological changes 
[ 89 ]. Another study compared metronidazole and budesonide 
enemas for a total of 6 weeks in active pouchitis, and a clini-
cal improvement was appreciated in both groups, but there 
was no difference between the two groups [ 90 ]. Shen et al. 
performed a randomized trial in 2001 comparing ciprofl oxa-
cin to metronidazole, demonstrating a greater reduction in 
Pouchitis Disease Activity Index (PDAI) in the ciprofl oxacin 
group. Ciprofl oxacin was also better tolerated, with 33 % of 
patients experiencing adverse effects in the metronidazole 
group [ 91 ]. Another study looking at fl ora changes related to 
pouchitis suggested that more complete eradication of patho-
genic  C. perfringens  and  E. coli  strains with ciprofl oxacin 
may be responsible for the observed improvement in effi cacy 
compared to metronidazole [ 92 ]. Mimura et al. also per-
formed an open-label trial assessing the effi cacy of combin-
ing both metronidazole and ciprofl oxacin for refractory 
pouchitis [ 93 ]. Eighty-two percent (44 of 36) of their patients 
entered remission, with a signifi cant decrease in median 
PDAI from 12 to 3 after therapy. The therapy was well toler-
ated. Rifaximin has also been assessed in open-label trials, 
either alone or in combination with other antibiotics [ 4 ,  94 ]. 
A recent case series demonstrated a reduction in PCDAI in 
16 of 18 patients, with 6 patients entering remission. 
However, in a recent small, randomized, double-blind, pla-
cebo-controlled trial by Isaacs et al., rifaximin provided no 
benefi t over placebo [ 95 ]. Based on this evidence, the 
American College of Gastroenterology currently recom-
mends either metronidazole or ciprofl oxacin for the treat-
ment of pouchitis [ 96 ]. 

 The data are less clear regarding the potential benefi t of 
antibiotics in inducing remission in UC. As is the case with 
pouchitis, multiple antibiotics and combinations of antibiot-
ics have been assessed for effi cacy in active UC, with most 
studies focusing on ciprofl oxacin or combination therapy. 
A number of other agents, such as tobramycin, oral vanco-
mycin, or rifaximin, have been assessed, with mixed results. 
With regard to ciprofl oxacin, there have been several 

placebo- controlled trials. In 1997, Mantzaris et al. performed 
a randomized, placebo-controlled trial of a 2-week course of 
oral ciprofl oxacin versus placebo in 70 patients with mild to 
moderately active UC in addition to 5-ASA and predniso-
lone [ 97 ]. No signifi cant difference in response was appreci-
ated between groups. Mantzaris also conducted a study in 55 
patients with severe UC, examining the effects of IV cipro-
fl oxacin versus placebo in addition to IV steroids and paren-
teral nutrition. IV ciprofl oxacin provided no additional 
benefi t [ 98 ]. In one of the few positive studies, Turunen et al. 
assessed 6 months of ciprofl oxacin versus placebo in con-
junction with 5-ASA and steroids for maintenance of remis-
sion of subjects with moderate to severe active UC. At 6 
months, 79 % of patients in the ciprofl oxacin group had main-
tained an initial response, compared to 56 % in the placebo 
group ( p  = 0.02) [ 99 ]. 

 Several other antibiotic-based therapies have been 
assessed in randomized controlled trials of induction of 
remission in UC. Burke et al. performed a randomized con-
trolled trial of oral tobramycin versus placebo in mild to 
severely active UC, in conjunction with steroid therapy, with 
31 of 42 (74 %) patients achieving complete symptomatic 
remission compared to 18 of 42 (43 %) in the placebo arm 
( p  = 0.008) [ 100 ]. Several combinations of antibiotics have 
been assessed as well. Mantzaris et al. assessed the combina-
tion of IV metronidazole and tobramycin versus placebo, 
along with parenteral nutrition and steroids, in 39 patients 
with acute severe UC. Sixty-three percent in the treatment 
arm and 65 % in the placebo arm noted signifi cant improve-
ment [ 101 ]. Rifaximin was assessed by Gionchetti et al. in a 
small placebo-controlled trial. Rifaximin 400 mg twice daily 
demonstrated signifi cant decreases in clinical activity, with 9 
of 14 patients receiving rifaximin demonstrating benefi t 
compared to 5 of 12 receiving placebo [ 102 ]. 

 Recent studies of antibiotic therapy have considered tar-
geting specifi c organisms. In 2005, Okhusa et al. published a 
randomized controlled trial of a regimen specifi cally targeting 
 Fusobacterium varium , containing amoxicillin, tetracycline, 
and metronidazole (ATM) versus placebo for 2 weeks in 20 
patients with mild to moderately active UC [ 103 ]. At 3–5 
months, the authors appreciated a statistically signifi cant 
reduction in endoscopic score, but not histology or symptom 
index, in the treatment group. At 12–14 months after therapy, 
there were signifi cant reductions in endoscopic score, symp-
tom index, and histological grading. The same group per-
formed a placebo-controlled, randomized trial of 2 weeks of 
oral ATM in 206 patients with mild to severe chronic relaps-
ing UC [ 104 ]. The authors appreciated a greater clinical and 
endoscopic response at 3 months in the treatment group 
compared to placebo, though remission rates were not 
signifi cantly different. Interestingly, this 2-week course of 
antibiotics improved clinical, endoscopic, and remission 
rates at 12 months in the treatment arm compared to placebo. 
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While such targeted approaches are compelling, further 
research is required to ascertain the exact effects such broad-
spectrum therapies are having on the microbiome and clinical 
outcomes of UC patients. 

 There have also been several meta-analyses of the effi -
cacy of antibiotics in UC. Rahimi et al. published a meta- 
analysis including ten randomized, placebo-controlled trials 
of antibiotics in addition to steroids for induction of remis-
sion in active UC [ 105 ]. Disease severity was not reported. 
Antibiotics assessed included vancomycin, metronidazole, 
tobramycin, ciprofl oxacin, rifaximin. Two studies of the 
studies in the meta-analysis evaluated combinations of anti-
biotics for treatment of UC   . Overall, there did appear to be a 
statistically signifi cant benefi t for antibiotic use in active UC, 
with an OR of 2.14 (95 % CI 1.48–3.09), without signifi cant 

heterogeneity or detected publication bias. Khan et al. per-
formed another meta-analysis in 2011, examining 9 trials 
including 662 patients for induction of remission of active 
UC. Of note, 7 of these trials were also included in the meta-
analysis conducted by Rahimi et al. Those studies that com-
mented on UC disease severity were typically moderate to 
severe. In this study, an overall benefi t for antibiotic therapy 
was appreciated as well, with an Odds RatioR    of not being in 
remission of 0.64 (95 % CI 0.43–0.96). They did detect mod-
erate heterogeneity as well as possible publication bias. Of 
note, the authors rigorously reviewed the quality of these 
studies as well and found that only one of the 7 trials included 
for UC had a low risk of bias [ 106 ]. 

 There is currently limited data regarding the role of anti-
biotics in the maintenance of remission in UC. Lobo et al. 

   Table 18.2    Antibiotic clinical trials for induction and maintenance of remission in ulcerative colitis   

 Author  Ref.  Indication  Antibiotic  Comparator 
 Study 
duration 

 UC 
population 

 Primary 
clinical 
outcome 

 Results 

 Treatment 
arm 

 Control 
arm 

 Mantzaris 
et al. 

 [ 97 ]  Induction of 
remission 

 Ciprofl oxacin (PO)  Placebo  14 days  Mild to 
moderate 

 <3 bowel 
movements 
without blood 
per day 

 24/34 
 (70.5 %) 

 26/36 
 (72 %) 

 NS a  

 Mantzaris 
et al. 

 [ 98 ]  Induction of 
remission 

 Ciprofl oxacin (IV)  Placebo  10 days  Severe  <3 bowel 
movements 
without blood 
per day 

 23/29 
 (79.3 %) 

 20/26 
 (77 %) 

 NS a  

 Turunen 
et al. 

 [ 99 ]  Induction of 
remission 

 Ciprofl oxacin (PO)  Placebo  6 months  Moderate 
to severe 

 Treatment 
failureb 

 8/38 
 (21.1 %) 

 20/45 
 (44 %) 

  P  = 0.02 

 Burke 
et al. 

 [ 100 ]  Induction of 
remission 

 Tobramycin (PO)  Placebo  7 days  Active  Clinical 
remission 

 31/42 
 (74 %) 

 18/42 
 (43 %) 

  P  = 0.008 

 Mantzaris 
et al. 

 [ 101 ]  Induction of 
remission 

 Metronidazole 
(IV) + Tobramycin 
(IV) 

 Placebo  10 days  Severe  <3 bowel 
movements 
without blood 
per day 

 12/19 
 (63.2 %) 

 13/20 
 (65 %) 

 NS a  

 Gionchetti 
et al. 

 [ 102 ]  Induction of 
remission 

 Rifaximin  Placebo  10 days  Moderate 
to severe 

 Improvement 
in CAI 

 9/14 
 (64.3 %) 

 5/14 
 (41.7 %) 

 NS a  

 Ohkusa 
et al. 

 [ 103 ]  Induction of 
remission 

 Amoxicillin (PO) + 
tetracycline (PO) + 
metronidazole (PO) 

 Placebo  12–14 
months 

 Mild to 
moderate 

 Decrease in 
median 
Lichtiger score 

 Median 
decrease in 
Lichtiger 
score from 3 
(2–10) to 2 
(1–5) (10 
patients) 

 Median 
increase in 
Licthtiger 
score from 
3 (2–9) to 4 
(3–8) (10 
patients) 

  P  = 0.004 

 Ohkusa 
et al. 

 [ 104 ]  Induction of 
remission 

 Amoxicillin (PO) + 
tetracycline (PO) + 
metronidazole (PO) 

 Placebo  3 months  Mild to 
severe 

 Clinical 
Response 
(decrease in 
Mayo score >3) 

 47/105 
 (44.8 %) 

 23/101 
 (22.8 %) 

  P  = 0.0011 

 Lobo 
et al. 

 [ 107 ]  Maintenance 
of remission 

 Tobramycin (PO)  Placebo  12 and 24 
months 

 Remission  Relapse with 
>3 stools per 
day with 
bleeding 

 40 % @ 12 
months c  
 20 % @ 24 
months c  

 24 % @ 12 
months c  
 12 % @ 24 
months c  

 NS a  @ 12 
months 
and 24 
months 

   a NS—not statistically signifi cant 
  b Treatment    failure was defi ned as a colonoscopic fi nding of moderate to severe activity in at least two segments of the colon after failure to respond 
to the treatment regimen 
  c Results reported in failure-free survival rates from Kaplan Meier analysis, i.e., continued remission rates  
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performed a long-term follow-up of active UC patients who 
had received tobramycin and entered remission. In this trial, 
antibiotics were only given for a single 1-week period during 
the induction of the remission phase [ 107 ]. When examining 
those who were in remission, there was no signifi cant 
 difference between groups regarding relapse rates at 1 and 2 
years. The previously mentioned trial by Turunen et al. 
which examined the benefi ts of ciprofl oxacin for 6 months in 
active UC also reported the rates of relapse in those that 
responded from 6 months to 1 year after cessation of study 
medication, demonstrating similar failure rates in the treat-
ment arm (9 of 30, 30 %) as in the placebo    arm (7 of 25, 
28 %) [ 99 ]. Both of these trials demonstrate failure rates 
after antibiotic cessation, however; a paucity of data regard-
ing continued therapy may represent wariness in using long-
term antibiotic therapy. 

 In summary, there is ample evidence demonstrating that 
antibiotic therapy has a signifi cant impact on the microbi-
ome of the intestinal track. Furthermore, there is a growing 
body of literature suggesting that antibiotic exposure may 
have an effect on the risk of developing IBD, and once diag-
nosed with IBD, antibiotic exposure may signifi cantly 
impact the course of disease. It also appears that there is ben-
efi t to antibiotic therapy for treatment of IBD-related com-
plications and for pouchitis. However, there is currently 
mixed evidence with regard to the effi cacy of antibiotic ther-
apy for the treatment of UC. There is considerable variation 
in effi cacy in treatment based on the specifi c antibiotic, num-
ber of antibiotics used, and duration of treatment. Based on 
these data, more research is required before antibiotic ther-
apy can be formally recommended for the management of 
ulcerative colitis in the absence of peritonitis, abscess, or 
toxic megacolon. Table  18.2  shows antibiotic clinical trials 
for induction and maintenance of remission in UC.

       Summary 

 There is growing evidence that dysbiosis plays a signifi cant 
role in the pathogenesis of ulcerative colitis. As such, efforts 
to modify the composition of a patient’s microbiome repre-
sent an attractive adjunct to the current therapeutic options in 
UC. In this chapter we explored the evidence for several dif-
ferent classes of agents designed to alter the microbial com-
position of a patient’s enteric fl ora. Probiotics, which are 
living organisms ingested by a patient, can introduce com-
mensal organisms into a patient’s GI tract. Several different 
agents exist in this class, and there appears to be evidence of 
possible benefi t in UC. Prebiotics promote the growth of ben-
efi cial commensal bacteria. The effects of these agents require 
signifi cantly more research before specifi c recommendations 
can be made. Antibiotics are pharmaceutical agents designed 
to kill or halt the growth of existing bacteria and have a long 

history of effi cacy in treating intraperitoneal complications of 
CD and UC. There is confl icting data supporting their use in 
UC. As such, they are not currently used in UC, except empir-
ically in the setting of severe, fulminant colitis.     
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        Introduction 

 An extensive array of compounds has been studied for the 
treatment of UC. The most frequently used nonbiologic 
drugs for the oral and intravenous treatment of ulcerative 
colitis include 5-aminosalicylate (5-ASA) drugs (mesala-
mine and derivatives), sulfasalazine, and other azo-bonded 
molecules of 5-ASA, steroids, calcineurin inhibitors (cyclo-
sporine, tacrolimus, and sirolimus), thiopurines (azathio-
prine, 6-mercaptopurine), and methotrexate, which are 
already presented in other sections of this book and are thus 
not considered in this chapter. The therapies presented in this 
section should be considered as potential alternatives, mostly 
for mild-to-moderate ulcerative colitis (UC). They are sub-
stances mostly used without FDA indications, such as hepa-
rin, nicotine, rosiglitazone, and  N -acetylcysteine as well as 
“natural” compounds suggested to have anti-infl ammatory 
or reparative properties, such as aloe vera, curcumin, short- 
chain fatty acids, and Bowman-Birk inhibitor. 

 The best evidence supportive of a potential clinical benefi t 
for these kinds of therapies is mainly derived from uncon-
trolled open-label studies and is suggested for induction of 

remission and, rarely, maintenance of UC in remission. Few of 
the substances have yet been tested in randomized controlled 
trials (RCTs) and several that have been studied in RCTs did 
not prove to be of therapeutic benefi t (such as omega-3  fatty 
acid  and leukocytapheresis). This chapter aims to provide a 
practical guide to alternative treatments, including comple-
mentary medicine and nutritional measures, for UC patients 
(in particular, for those with mild-to- moderate UC on a stable 
dose of aminosalicylates or other conventional therapies who 
are seeking medications other than thiopurines and anti-TNF 
agents). Many agents in this diverse assortment of potential 
therapies appear promising and of interest for further study but 
the supportive evidence is inadequate to date. 

 Many patients seen in an ambulatory setting (60–85 % of 
all cases) have UC confi ned to the more distal part of the 
colon; this chapter is consequently dichotomized to systemic 
(oral and intravenous) and rectally administered treatments 
for this distally located manifestation of the disease [proctitis 
(suppositories), left-sided (foams)]. The latter, more cumber-
some for the patient, is mainly used for induction of remis-
sion for a short period of time (tapered over a 1-month period) 
and is proposed less as a maintenance treatment.  

    Oral and Intravenously Administered 
Therapies 

    Nicotine 

 The development of infl ammatory bowel disease (IBD) is 
the consequence of an inappropriate infl ammatory response 
to intestinal microbes in a genetically susceptible host. 

      Novel Nonbiologic Therapies 
for Ulcerative Colitis 

              Pascal     Juillerat       and        Joshua     R.     Korzenik     

 19

        P.   Juillerat ,  M.D., M.Sc.      (*) 
  Departement of gastroenterology, Clinic for Visceral Surgery and 
Medicine ,  Inselspital, Bern University Hospital ,   Bern ,  Switzerland   
 e-mail: pascal.juillerat@insel.ch   

    J.  R.   Korzenik ,  M.D.      
  Department of Gastroenterology, BWH Crohn’s and Colitis Center , 
 Brigham and Women’s Hospital ,   850 Boylston Street, Chestnut 
Hill ,  Boston ,  MA   02647 ,  USA   
 e-mail: jkorzenik@partners.org  

     Keywords  

  Nonbiologic therapy   •   Ulcerative colitis   •   Heparin   •   Nicotine   •   Rosiglitazone   • 
   N -Acetylcysteine   •   Natural compounds   •   Aloe vera   •   Curcumin   •   Short-chain fatty acids   • 
  Bowman-Birk inhibitor  

mailto: jkorzenik@partners.org
mailto: pascal.juillerat@insel.ch


222

Several environmental factors, such as cigarette smoking, 
have been shown to play a signifi cant role in the pathogenesis 
of IBD. Although cigarette smoking is known to be deleteri-
ous to most patients and may be associated with the develop-
ment of lung cancer, atherosclerotic vascular disease, other 
kinds of cancers, and chronic obstructive pulmonary disease, 
it is now well accepted that ulcerative colitis primarily occurs 
in nonsmokers and former smokers. Additionally cigarette 
smoking exerts a universal protective effect against a patient 
developing ulcerative colitis [ 1 ]. Every clinician knows the 
history of a patient whom fi rst manifestation of UC appears 
a couple of months after smoking cessation. Tobacco’s pro-
tective role in the development and course of UC has been 
showed in epidemiologic studies [ 2 ] and therefore sug-
gested a potential therapeutic role for nicotine, its principle 
ingredient. A Cochrane review by McGrath et al. concluded 
that transdermal nicotine administration is superior to pla-
cebo (odds ratio (OR) 2.56, 95 % confi dence interval (CI) 
1.02–6.45) for induction of remission in patients with UC 
but equal to standard medical therapy (OR 0.77, 95 % CI 
0.37–1.60) [ 2 ,  3 ].    This study retrieved 5 RCTs, among 
them two double-blinded versus placebo. However, nicotine 
patch users were signifi cantly more likely (OR 5.82, 95 % CI 
1.66–20.47) to experience adverse side effects (i.e., light-
headedness, tremor, nausea, vomiting, and contact dermati-
tis), and nicotine may have less of an effect in improving 
endoscopic appearance. Thus, nicotine remains of limited 
use in the therapy of UC, while its use in ex-smokers, refrac-
tory to conventional treatment, may be debatable. Some 
experts still suggest a potential interest in the use of nicotine 
patches for patients who presented initially after smoking 
cessation and who may at some point be likely to restart 
smoking in order to control their disease. 

 Rectal administration was thought to be better tolerated 
than patches [ 3 ]. Two uncontrolled pilot studies which pro-
duced clinical improvement in 54–71 % of 32 patients unre-
sponsive to fi rst-line therapy justifi ed the need for an 
RCT. Unfortunately, this placebo-controlled trial demon-
strated no signifi cant benefi t with daily 6 mg nicotine enemas. 
Clinical remission after 6 weeks was achieved in 14 of 52 
(27 %) patients on active treatment and 14 of 43 (33 %) on 
placebo [ 4 ]. Part of the explanation for this failure may be the 
low dose of nicotine obtained with enema compared to the 
patch or cigarettes, the likelihood of a systemic rather than a 
local effect of nicotine, and a high proportion of treatment 
refractory patients.  

    Phosphatidylcholine 

 The use of phosphatidylcholine (PC) originates from a concept 
of the potential pathogenesis of an UC fl are, which is the 
impairment in the mucosal barrier linked to a decrease of PC 
in colonic mucus. PC is reduced by about 70 % in the mucus of 

the rectal mucosa in UC patients, independently of the state 
of infl ammation [ 4 ,  5 ]. Supplementation of PC to increase 
mucosal PC could possibly prevent fl ares by augmenting 
the mucosal protection and reducing mucosal infl ammation 
triggered by luminal bacteria antigens. A delayed-released 
oral PC preparation (4 × 0.5 g daily) was randomized versus 
placebo by Stremmel et al. in 60 active UC patients over 3 
months with a resulting 53 % of clinical remission (vs. 10 % 
placebo,  p  < 0.001) [ 6 ]. The same investigators treated 60 
active steroid-dependent UC patients to either delayed-
released PC or to placebo. Steroid withdrawal, with a con-
comitant achievement of remission or clinical response, was 
achieved in half of the 30 treated patients (vs. 10 % placebo, 
 p  = 0.002) [ 7 ]. Finally, a dose-fi nding study illustrated that a 
plateau of effi cacy was obtained at around 3–4 g daily. The 
only adverse events reported were mild bloating (40 % inde-
pendently of the dosage) and nausea (33 %, almost only in the 
higher-dose group) [ 8 ]. Moreover, endoscopic and histologi-
cal healing also seemed to improve with PC treatment. 
Although PC has been demonstrated to reduce strictures and 
infl ammation in experimental colitis studies, these three 
RCTs also suggest a possible infl uence on the causality itself, 
which adds to its interest as an emerging therapy. Larger stud-
ies are necessary to confi rm the safety as well as short- and 
long-term benefi t of this treatment in moderately active UC. 
This product is available commercially in North America 
under the brand name PhosChol ®  though not in a delayed-
release formulation.  

     Trichuris suis  Ova 

 The use of  Trichuris suis  ova (or pig whipworm eggs) by 
Weinstock et al. as a therapy for treating infl ammatory bowel 
disease (IBD) is based on the concept that a helminth infec-
tion induces a persistent immune alteration, though the 
precise mechanism remains uncertain. The host develops a 
Th2 immune response which paradoxically seems to prevent 
the development of other Th2 diseases (e.g., asthma), though 
other immunologic effects have been suggested [ 9 ]. 
Helminths promote the production of immunomodulatory 
molecules such as IL-10 [ 10 ], transforming growth factor β 
(beta), and prostaglandin E2, which could possibly have a 
protective effect. Moreover, in countries with a high rate of 
helminth colonization, the incidence of IBD is lower [ 11 ]. 
Weinstock et al. studied the impact of the ingestion of a dose 
of 2,500  Trichuris suis  eggs in a sport drink with charcoal in 
54 active ulcerative colitis patients versus placebo for 12 
weeks. In an intention-to-treat analysis, they demonstrated a 
decrease in disease activity in 13 of 30 patients (43.3 %) 
with ova treatment compared to 4 of 24 patients (16.7 %) 
receiving placebo ( p  =0.04) [ 12 ]. However, there was no 
statistical difference between the two groups in achieving 
remission. No side effects or complications were described. 
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According to Dr. Summers, the lead investigator of this trial, 
many patients were treated effectively well beyond the study 
periods, some for more than 3 years. This agent thus appears 
to be effective not only in treating active disease but also in 
maintaining remission [ 13 ] and has already been commer-
cialized for online purchase by a German company, Ovamed 
GmbH. However, additional studies are needed to further 
optimize and ensure safety of helminth therapy for UC. Based 
on this publication from a single center,  Trichuris suis  ova 
therapy provides insuffi cient evidence and power to be rec-
ommended for the use in UC patients by the ECCO (European 
Crohn’s and Colitis Organization) consensus [ 14 ]. 

 Currently a large prospective, randomized placebo- 
controlled trial is ongoing evaluating the effi cacy of 
 Trichuris suis  in patients with left-sided ulcerative colitis 
(ClinicalTrials.gov Identifi er: NCT01953354). The study is 
a prospective, randomized, double-blind, placebo-controlled 
phase II clinical study of  Trichuris suis  ova treatment in 
left- sided ulcerative colitis, and it is also evaluating its 
effects on the mucosal immune state and the microbiota.  

    Heparin and Parnaparin Sodium 

 There is evidence that IBD patients are at a higher risk of 
thromboembolism than the general population [ 15 ,  16 ]. 
Moreover, heparin-based anticoagulation is recommended 
during fl ares of the disease. A broader vascular hypothesis 
has been proposed that UC results from a dysfunction of 
endothelial cells and heparin has been proposed to counter-
act several potential pathophysiologic aspects, such as the 
development of microthrombi which may also play a role in 
the pathogenesis of UC [ 17 ]. Given the increased risk of 
thrombosis in patients with UC and reports suggesting an 
improvement in UC symptoms while on anticoagulant ther-
apy, this led to randomized controlled studies of heparin and 
low-molecular-weight heparin in active UC. However, an 
increased risk of rectal bleeding due to anticoagulant therapy 
would need to be considered as a potential complication of 
treatment and balanced against any therapeutic benefi t. In this 
situation, some improvement was observed which has been 
attributed to the in vitro-established anti-infl ammatory 
properties of heparin. A Cochrane review performed by 
Chande et al. which evaluated the effi cacy of unfractionated 
and low-molecular-weight heparin for remission induction 
in UC showed no benefi t over placebo for any outcomes 
[ 18 ]. Higher expectations have recently been suggested by a 
newly developed oral colon-release form of low-molecular- 
weight heparin called parnaparin ( CB-01-05 MMX  ® ). A mul-
ticenter double-blind RCT conducted by Celasco et al. 
evaluated the effi cacy and safety of an 8-week oral daily 
administration of 210 mg of parnaparin sodium in 114 mild-
to- moderate left-sided UC patients treated with stable doses 
of aminosalicylates [ 19 ]. Clinical remission was achieved in 

83.6 % of the active drug group and in 63.3 % of the 
comparator group ( p  = 0.011). Notably, this effect was 
already visible and signifi cant at week 4 (59.0 % vs. 38.9 %, 
 p  = 0.028). Parnaparin had an acceptable safety profi le and 
was not associated with bleeding complications. On the con-
trary, rectal bleeding was more frequently absent in the par-
naparin group (75.4 % vs. 55.0 % in the placebo group; 
 p  = 0.018). The mucosal friability also recovered better, but 
this was not accompanied by a signifi cant difference in the 
histological healing rate. Endoscopic evaluation at week 8 
may be too early to be able to estimate the maximal effect; 
however, mucosal healing has become an important standard 
in the evaluation of the effi cacy of new IBD drugs. Further 
RCTs with longer follow-up periods and including patients 
with pancolitis are warranted to better identify the role of oral 
delayed-released heparin in UC [ 20 ].  

    Ridogrel 

 Ridogrel, a combined thromboxane synthase inhibitor and 
receptor antagonist, is used to prevent thromboembolic 
events and as an adjunctive agent to thrombolytic therapy in 
acute myocardial infarction. As thromboxanes are produced 
in excess in the infl amed intestinal mucosa of IBD patients, 
the effect of low-dose (5 mg daily or less) ridogrel on active 
UC has been investigated over 12 weeks in one placebo- 
controlled trial ( n  = 439) and one randomized trial ( n  = 445) 
versus mesalazine 2.4 g [ 21 ]. Both trials failed to show any 
signifi cant difference in primary outcome, the proportion of 
subjects in clinical remission, and there was a complete lack 
of dose response. A previous study using high-dose ridogrel 
(300 mg twice daily) demonstrated the same effi cacy as 
mesalazine in clinical and endoscopic improvement [ 22 ]. 
The effective dose of ridogrel for the treatment of UC thus 
remains unknown. 

 Ridogrel was used as an enema in an open-label pilot trial 
in 11 UC patients. Five of 9 (56 %) patients responded clini-
cally to the treatment, but this was inconsistently associated 
with the endoscopic and histological infl ammation scores 
[ 23 ]. Auwerda et al. measured reduced mucosal thrombox-
ane levels in all patients, but the other infl ammatory cyto-
kines, IL-6 and TNF, were unchanged. This preliminary 
study has indicated some effi cacy, but as yet no further stud-
ies have been undertaken.  

     N -Acetyl Cysteine 

 In the context of chronic infl ammation, IBD patients often 
show a depletion in antioxidants such as ascorbate, β (beta)-
carotene, α (alpha)-tocopherol, and glutathione [ 24 ]. The goal 
of combining  N -acetyl- L -cysteine with 5-ASA was thus to 
restore the level of the very potent antioxidant glutathione. 
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Guijarro et al. recently published a pilot RCT in 37 mild-to- 
moderate UC patients with a 4-week treatment period. 
Twelve of 19 patients (63 %) in the combination treatment 
group experienced remission compared to 9 of 18 patients 
(50 %) on mesalamine monotherapy (odds ratios 1.71; 95 % 
CI: 0.46 to 6.36;  p  = 0.19; number needed to treat 7.7) [ 25 ]. 
However, the dose (0.8 g/d) of oral  N -acetyl- L -cysteine was 
probably insuffi cient as no increase in serum glutathione lev-
els occurred. This study also suggests a local benefi cial effect 
related to a signifi cant downregulation of chemokines such 
as MCP-1 and IL-8 which activate the recruitment of neutro-
phils and monocytes to the infl amed mucosa.  

    Rosiglitazone 

 Recently, thiazolidinediones (glitazones)-PPAR-gamma (per-
oxisome proliferator-activated receptors gamma) agonists 
have been implicated to effectively control the infl ammatory 
processes of the gastrointestinal tract. Three subtypes of per-
oxisome proliferator-activated receptors (PPARs) were identi-
fi ed in humans, i.e., alpha, beta (also called d or NUC- 1), and 
gamma. They belong to the superfamily of nuclear steroid 
hormone receptors, which act as the transcription factors regu-
lating the expression of genes [ 26 – 33 ]. PPARs-g are charac-
terized by the widest spectrum of action and are present in 
many organs. Rosiglitazone (Avandia™, a member of the thia-
zolidinedione class used as an oral agent for diabetes mellitus) 
binds PPAR-gamma receptors which attenuate infl ammatory 
cytokine production by inhibition of NF-kappaB [ 34 ] and 
induction of a TH2 response. Preclinical data have shown effi -
cacy in murine colitis [ 35 ]. After a successful open-label study 
in 15 mild-to-moderate UC patients refractory to 5-ASA [ 36 ], 
Lewis et al. conducted a multicenter placebo double-blind 
RCT in similar patients [ 37 ]. A hundred and fi ve individuals 
were enrolled in a 12-week therapy trial of either oral rosigli-
tazone 4 mg twice daily or placebo. The active drug was sig-
nifi cantly superior to placebo for induction of clinical response 
(44 % vs. 23 %,  p  = 0.04) and clinical remission (17 % vs. 2 %, 
 p  = 0.01); however, endoscopic remission was uncommon in 
either group. Serious adverse events were rare. As antici-
pated, edema and weight gain were higher in the rosiglitazone 
group. However, based on the recent reporting concerning an 
increased risk of myocardial infarction [ 38 ], these drugs are 
now restricted to diabetic patients already being treated with 
these medicines and those whose blood sugar cannot be con-
trolled with other antidiabetic medicines. Whether other 
agents in this class may be of equal benefi t in UC remains 
unstudied. 

 Pedersen et al. assessed the clinical effectiveness of rosi-
glitazone enema (4 mg) in 14 patients with distal ulcerative 
colitis in an RCT versus mesalamine (1 g) on a nightly basis 
for 14 days. All 14 patients randomized in both groups 

achieved a similar clinical response (3-point decrease in the 
Mayo score) and endoscopic improvement. As expected, 
there was an in vivo increased expression of PPARγ(gamma)-
activated genes. As mentioned in the section on systemic 
treatment, concerns have been raised about an increased risk 
of myocardial infarction when using this substance and it is 
currently only used in a limited fashion.  

    Aloe Vera 

 Aloe vera is a perennial succulent plant belonging to the lily 
family which has been used medicinally for over 5,000 years. 
Its extract demonstrated some superiority over placebo in a 
trial in UC by Langmead et al. [ 39 ]. Forty-four patients with 
mild-to-moderate colitis were randomized to receive either 
oral aloe vera  liquid  or placebo for 4 weeks. Fourteen of the 
thirty UC patients (47 %) who ingested 100 ml of aloe vera 
twice daily showed clinical improvement compared to 2 of 
14 (14 %) of those receiving placebo. Overall 30 % of the 
patients had clinical, endoscopic, and histological remission. 
These results failed, however, to reach statistical signifi -
cance. Further evaluation of the therapeutic potential of aloe 
vera is thus needed. In view of the fact that it is a safe and 
well-tolerated treatment, many IBD patients may be willing 
to try it or may have used it already in conjunction with their 
conventional IBD medications.  

    Curcumin (Turmeric) 

 Recently, curcumin, an active ingredient of turmeric 
( Curcuma longa ), an Indian herb, which has been used in 
Indian Ayurvedic system for the treatment for infl ammatory 
conditions, has been an area investigated subsequent to its rec-
ognized anti-infl ammatory properties. In experimental mod-
els, curcumin has been shown to prevent trinitrobenzene 
sulfonic acid (TNBS)- [ 40 ] and dextran sodium sulfate (DSS)-
induced colitis [ 41 ,  42 ]. Turmeric, also known as Indian saf-
fron, is a plant belonging to the ginger family. It contains 
curcumin (chemically known as diferuloylmethane), a yellow 
pigment which has demonstrated anti- infl ammatory and anti-
oxidant properties. Similarly to sulfasalazine curcumin seems 
to be effective in reducing inducible nitric oxide synthase 
(iNOS) and nuclear factor kappa B (NF-kappaB) [ 43 ]. 
Recently, an RCT for the prevention of relapse in quiescent 
UC was carried out in 8 centers in Japan [ 44 ]. During a 
6-month follow-up period, 2 of the 43 UC patients (4.7 %) 
who received curcumin as maintenance treatment (1 g twice 
daily) had a relapse compared to 8 of 39 patients (20.5 %) in 
the placebo group. The authors concluded that curcumin 
seems to be a promising and safe medication for maintaining 
remission in patients with ulcerative colitis but cautioned 
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that further studies need to be conducted to reinforce these 
fi ndings. Various doses have been studied for adults for a 
variety of treatments [ 45 ]: cut root, 1.5–3 g per day; dried, 
powdered root, 1–3 g per day; standardized powder (cur-
cumin), 400–600 mg, 3 times per day; fl uid extract (1:1) 
30–90 drops a day; and tincture (1:2), 15–30 drops, 4 times 
per day, but an optimal dose in UC is uncertain. In 2011, 
Moss et al. reported one case of clinical and endoscopic 
remission in a female patient with left-sided UC who was 
refractory to 5-ASA, who needed multiple courses of steroids, 
and who refused other immunosuppressants [ 46 ]. 

 Recently, a randomized, double-blind, single-center pilot 
trial was conducted in patients with mild-to-moderate active 
ulcerative colitis (with <25 cm of disease involvement). 
Forty-fi ve patients were randomized to receive NCB-02 
(standardized curcumin preparation) enema plus oral 5-ASA 
or placebo enema plus oral 5-ASA. The primary endpoint 
was disease response, defi ned as reduction in Ulcerative 
Colitis Diseases Activity Index by 3 points at 8 weeks, and 
secondary endpoints were improvement in endoscopic activity 
and disease remission at 8 weeks. 

 When assessed by intention-to-treat analysis, the response 
to active therapy with curcumin was seen in 56.5 % com-
pared to 36.4 % ( p  = 0.175) in the placebo group. At week 8, 
clinical remission was observed in 43.4 % of patients in 
curcumin- treated patients compared to 22.7 % in placebo 
group ( p  = 0.14) and improvement on endoscopy in 52.2 % of 
patients in curcumin-treated patients compared to 36.4 % of 
patients in placebo group ( p  = 0.29). When the study was 
analyzed by the per protocol analysis, there were benefi cial 
outcomes in the curcumin group, in terms of clinical response 
(92.9 % vs. 50 %,  p  = 0.01), clinical remission (71.4 % vs. 
31.3 %,  p  = 0.03), and improvement on endoscopy (85.7 % 
vs. 50 %,  p  = 0.04). The authors thus note there is some evi-
dence supporting the use of curcumin and further controlled 
trials are merited.  

     Boswellia serrata  

 The plant  Boswellia serrata  is found mainly in India, but it is 
also grows in the northeastern coast of Africa and in the 
Middle East. Extract from the bark contains chemical con-
stituents including alkaloids, phenols, saponins, tannins, 
terpenoids, and pentacyclic triterpenes. These compounds 
have been widely used in traditional Indian medicine. The 
extract of  Boswellia serrata  is used in the treatment of dis-
eases with infl ammatory characteristics such as rheumatoid 
arthritis, osteoarthritis, and intestinal diseases because these 
compounds have been shown to inhibit leukotrienes (LT). 
Leukotrienes are involved in the initiation and maintenance of 
infl ammation, and inhibiting LT can effectively prevent the 
oxidation of lipids and release of infl ammatory cytokines. 

Resin extracts of  Boswellia serrata  (H15, indish incense), 
known from traditional Ayurvedic medicine, decrease leu-
kotriene synthesis in vitro and blunt leucocytes recruitment 
by inhibiting the upregulation of P-selectin on endothelial 
cells in the infl amed colonic microvasculature [ 47 ]. Gupta 
et al. studied H15, a chloroform/methanol extract of 
 Boswellia serrata  gum resin (350 mg thrice daily for 6 
weeks) for the treatment of mild-to-moderate UC [ 48 ]. The 
substance studied has a comparative effect to sulfasalazine, 
used as a control. As this trial was nonrandomized and 
included only a few patients, a larger RCT has been expected. 
Such a trial has been performed in Crohn’s disease for main-
tenance of remission and was prematurely terminated due to 
a lack of demonstrable effi cacy as an active treatment accord-
ing to an independent interim analysis [ 49 ]. It is worth noting 
that  Boswellia serrata  extract is already taken by almost 40 % 
of IBD patients as complementary medicine in Germany [ 50 ] 
but not recommended by consensus guidelines [ 14 ].  

    Bowman-Birk Inhibitor 

 The Bowman-Birk inhibitor (BBI) is a soybean-derived 
protease inhibitor. Inhibitors of the BBI family are present in 
all legumes. BBI concentrate (BBIC) is a soy extract enriched 
in BBI. Bowman-Birk inhibitor concentrate is a naturally 
occurring human proteases that has been demonstrated to 
have potential anti-infl ammatory and chemopreventive prop-
erties [ 47 ]. The compact structure of this protein makes it 
resistant to the acidic conditions and proteolytic enzymes of 
the gastrointestinal tract and therefore a signifi cant propor-
tion reaches the colon in an intact form. A randomized, 
double-blind, placebo-controlled trial was performed by 
Lichtenstein et al. in 28 active ulcerative colitis patients [ 51 ]. 
Results only showed a benefi cial trend for clinical improve-
ment and remission. Bowman-Birk inhibitor was associated 
with no serious adverse events. A report on the successful 
use of another protease inhibitor in two UC patients was pub-
lished in 1993 [ 52 ].  

    Omega-3 Fatty Acids (Fish Oil) 

 Omega-3 fatty acids are incorporated into the wall of 
infl ammatory cells, thus lowering the concentration of ara-
chidonic acid (C20:4, n − 6). By reducing the amount of 
arachidonic acid, omega-3 reduces the production of leu-
kotriene B4 (which serves as a chemoattractant to polymor-
phonuclear leukocytes), thromboxane A2, prostaglandin 
E2, interleukin- 1, interleukin-6, and tumor necrosis factor. 
Additionally, it has been shown to scavenge free radicals. 
Food and in particularly fi sh oil supplements rich in 
omega-3 fatty acids and eicosapentaenoic acid have been 
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suggested to have anti- infl ammatory properties by inhibiting 
5-lipoxygenase and other enzymes involved in arachidonate 
metabolism of leukotriene [ 53 ]. Several studies including 
RCTs and meta- analyses failed to demonstrate any benefi t of 
fi sh oil in the induction and maintenance of remission in UC 
[ 54 ,  55 ]. The pooled results of a recent Cochrane review 
showed a relative risk of 1.02 (95 % CI 0.51–2.03,  p  = 0.96) 
for a new fl are. The authors of the reviews evaluated the 
available studies on omega-3 as too small, heterogenous, and 
with a suggestive publication bias which did not permit the 
drawing of defi nitive conclusions [ 54 ,  55 ].   

    Herbal Medicines, Other Complementary 
and Alternative Medicines 

 Over 30 % of the population of the Western world now uses 
some form of complementary and alternative medicine [ 56 ]. 
The single most commonly used modality in most surveys is 
herbal therapy. An excellent review paper by Langmead and 
Rampton also reported curcumin and  Boswellia  as potential 
complementary and alternative medicines for UC but also 
suggested taking a closer look at wheat grass juice and some 
specifi c Chinese herbs. 

    Wheat Grass Juice 

 Wheat grass juice was investigated in a double-blind, RCT 
conducted in Israel [ 57 ]. Twenty-three patients with active 
distal UC were allocated to receive 100 cc of wheat grass 
juice or placebo. No side effects were reported and the intake 
of wheat grass juice was associated with signifi cant improve-
ment in terms of rectal bleeding and disease activity index 
( p  = 0.031).  

    HMPL-004 

  Andrographis paniculata  is a medicinal plant that has been 
used to treat infl ammatory diseases in Asian countries. 
 Andrographis paniculata  extracts have been recently shown 
to have anti-infl ammatory, antiviral, and antitumor proper-
ties. Several bioactive components have been identifi ed in 
 Andrographis paniculata  including diterpenes, lactones, and 
fl avonoids. Andrographolide, a diterpenoid lactone and the 
main bioactive component of  Andrographis paniculata , has 
been demonstrated to possess strong anti-infl ammatory 
activity via the inhibition of nuclear factor kappa B (NF-kB) 
signaling, suppression of the production of inducible nitric 
oxide synthase (iNOS), and reactive oxygen species. Recent 
animal studies have demonstrated that HMPL-004 inhibits 
the development of chronic colitis by affecting early T-cell 

proliferation, differentiation, and TH1/TH17 responses in a 
T-cell-driven model of colitis, presenting a unique mecha-
nism of action [ 58 ]. 

 Two phase IIb RCTs using other herbal extracts have 
recently been published; they involved only Chinese centers 
and compared the effi cacy and safety of herbal active drugs 
contained in a colonic-released capsule to mesalamine in 
mild-to-moderate UC. The fi rst RCT tested a specifi c extract 
of  Andrographis paniculata  ( Acanthaceae  family) called 
HMPL-004 which has anti-infl ammatory properties [ 59 ]. 
HMPL-004 has the capability to inhibit several cellular tar-
gets, resulting in the suppression of NF-κB and of several dif-
ferent cytokines, exerting an overall anti-infl ammatory effect. 
After 8 weeks of treatment, 21 % of patients treated with 
HMPL-004 and 16 % of patients treated with mesalamine 
were in remission. In both groups, 36 % of the subjects could 
also be defi ned as being in partial remission. The endoscopic 
remission was 28 % and 24 %, respectively. A rare adverse 
event observed was urticaria. The authors concluded that this 
herbal extract could serve as a substitute induction therapy in 
those patients with a suboptimal response to mesalazine. 
There are, however, no data to date on its effi cacy for mainte-
nance. The second RCT used composite sophora colon-solu-
ble capsules containing multiple Chinese herbs [ 60 ]. After an 
8-week treatment, the total clinical effi cacy rate in the two 
groups was very high, 92 % for the active drug and 83 for 
placebo, and the authors claimed at least an equivalence to 
conventional therapies. However, without further confi rma-
tion of safety, some preparations used in alternative medicine 
and their interactions with conventional drugs are unknown 
and thus they remain not recommended by consensus 
guidelines [ 14 ].   

    Acupuncture and Moxibustion 

 Acupuncture and moxibustion are traditional Oriental medi-
cine techniques which work through stimulation of acupunc-
ture points. Acupuncture uses needles, whereas moxibustion 
requires the application of heat generated by burning herbal 
preparations directly or indirectly on the skin. The presumed 
mechanism of action of these local stimulations is through the 
autonomic nervous system which closely interact with the 
enteric nervous system and the hypothalamic-pituitary- 
adrenal axis. Thus, the expression of proinfl ammatory cyto-
kines can be inhibited, as demonstrated in animal models of 
UC [ 61 ]. A meta-analysis of moxibustion for UC based on 
fi ve RCTs of low methodological quality in 407 patients has 
been published [ 62 ]. The pooled effect was slightly favorable 
in terms of response rate compared to mostly sulfasalazine 
(risk ratio 1.24, 95 % CI 1.11–1.38;  p  < 0.0001). However, 
current evidence is insuffi cient to show that moxibustion is 
an effective treatment for UC. The authors highlighted that 
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the risk of bias was high and thus more rigorous studies are 
warranted. An RCT single-blinded trial (29 patients) per-
formed in Germany compared acupuncture and moxibustion 
to a sham procedure over 5 weeks [ 63 ]. A decrease in disease 
activity was signifi cantly higher in the acupuncture group. 
The secondary endpoints such as quality of life, general 
well-being, and serum markers of infl ammation did not show 
any difference. The authors concluded that both techniques 
seemed useful for mild-to-moderate UC. According to the 
European Crohn’s and Colitis Organization, there is insuffi -
cient evidence for the use of acupuncture of UC [ 14 ].  

    Psychological Interventions 

 Several studies in North America have demonstrated a much 
higher rate of major depression among IBD patients [ 64 ]. 
According to a Cochrane review which evaluated twelve 
eligible studies covering a wide range of psychological inter-
vention in IBD, there is no evidence for effi cacy in adult 
patients [ 65 ]. In adolescents, psychological interventions 
may be benefi cial, but evidence is limited. The authors 
suggest that the need for psychological interventions may be 
better identifi ed in specifi c vulnerable subgroups. This meta- 
analysis also demonstrated no benefi t in directly measured 
disease activity or quality of life. Nevertheless, UC patients 
with long-term perceived life stress (in the previous 2 years) 
were found to be at increased risk of exacerbation over the 
following 8 months [ 66 ]. Attention to psychosocial factors 
and the appropriate use of psychosocial intervention could 
potentially improve the care of IBD patients.  

    Diet 

 As consumption of refi ned sugar and certain carbohydrates 
have been suggested to be associated with IBD onset or 
relapse, a specifi c carbohydrate diet™ (SCD) was described 
by Elaine Gottschalk in her book called “Breaking the 
Vicious Cycle” [ 67 ]. While considerable anecdotal reports 
and emails in patient online communities support a role for 
this approach, the SCD has not been subjected to any scien-
tifi c scrutiny. Other diet interventions have been suggested 
through identifi cation of potential dietary risk factors for UC 
fl ares. In their study published in the journal Gut, Jowett 
et al. speculate that the high sulfur or sulfate content of nutri-
ents increases the risk of relapse in a group of UC patients in 
remission for 1 year [ 68 ]. Using a food frequency question-
naire, they identifi ed a higher likelihood of relapse in those 
consuming meat, particularly red and processed meat, pro-
tein, and alcohol (OR from 2.7 to 3.2). Another English 
group confi rmed the effect of a high level of sulfi te as a cul-
prit and developed a list of deleterious and benefi cial foods 

based on a novel statistical method which associated 
 endoscopic activity and food (the food sigmoidoscopy score) 
[ 69 ]. A reduced sulfur diet has not been studied in UC. Finally, 
a review of retrospective and prospective studies on food 
consumption and onset of IBD described an association 
between high intakes of total fat, polyunsaturated fatty acids, 
omega-6 fatty acids, and meat and the development of UC, 
whereas high vegetable intake was consistently associated 
with a decreased risk of UC [ 70 ]. Prebiotics (s hort-chain 
carbohydrates ) and probiotics are described in detail in 
another section of this book.  

    Additional Potential Therapies 

 In this section, promising drugs for the systemic treatment of 
ulcerative colitis at different preclinical development stages 
are described below with emphasis on the most convincing 
published results of the phase II/III trials. These substances 
are currently not available on the market and therefore can-
not be prescribed off-label. 

    Leukocytapheresis 

 Numerous open-label studies have demonstrated the superi-
ority of granulocyte/monocyte apheresis over placebo or 
noninferiority when compared to steroids. Leukocytapheresis 
(LCAP) using a Cellsorba E column (Asahi Kasei Medical 
Co., Ltd., Tokyo, Japan), which is fi lled with nonwoven 
polyester fi ber, is a blood purifi cation therapy that exerts 
anti-infl ammatory effects by removing activated leukocytes 
or platelets from the peripheral blood through an extracorpo-
real circulation [ 71 – 74 ]. An open-label multicenter random-
ized control study showed that LCAP with low-dose 
corticosteroids (26.9 mg/day on average) in the treatment of 
active UC had signifi cantly higher effi cacy (29/39, 74 %) 
than high-dose corticosteroids (47.9 mg/day on average; 
14/37, 38 %) and had signifi cantly lower (24 %) incidence of 
adverse events than high-dose steroid treatment (68 %). 

 A recent large multicenter RCT was conducted in the 
United States, Japan, and Europe (companion study) in 215 
UC patients and demonstrated that granulocyte/monocyte 
apheresis was no more effective than sham apheresis for the 
induction of clinical remission and response in patients with 
moderate-to-severe UC [ 75 ]. More recently, another open- 
label randomized study compared two frequencies of leukocy-
tapheresis administration (biweekly vs. standard weekly) and 
claimed that intensive treatment signifi cantly increases effec-
tiveness and reduces time to remission. Despite the relative 
safety of this intervention, its time-consuming and expensive 
nature would require a strong level of evidence of effi cacy 
before its role in UC therapy could be reconsidered.  
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    Tetomilast 

 Tetomilast (OPC-6535) is a thiazole compound that belongs 
to the family of the phosphodiesterase-4 (PDE4) inhibitors. 
PDE4 is implicated in the breakdown of 3, 5′-adenosine 
cyclic monophosphate (cAMP) and is ubiquitously expressed 
in infl ammatory cells. Consequently, selective PDE4 inhibi-
tors have broad-spectrum anti-infl ammatory effects such as 
inhibition of cell traffi cking, cytokine, and chemokine 
release from infl ammatory cells. In a phase II RCT, 186 
patients with mild-to-moderate UC received oral tetomilast 
25 mg, 50 mg, or placebo once daily for 8 weeks. In the 
intent-to-treat analysis, clinical improvement was 52 %, 
39 %, and 35 %, respectively, which was not statistically sig-
nifi cant. The remission rate was also higher in the tetomilast 
groups (16 %, 21 %, and 7 %, respectively) but also failed to 
reach statistical signifi cance. Moreover, a high dropout rate 
was observed in the higher-dose group due to adverse events 
such as nausea/vomiting (32 % of the patients) but also 
fatigue, dizziness, and headache. The post hoc analysis sug-
gests the effi cacy of tetomilast was only signifi cant in 
patients with objective criteria for infl ammation. The phase 
III development (FACTS II and CORE study—in combina-
tion with 5-ASA) for ulcerative colitis, performed in North 
America, Europe, and Australia, has now been completed 
[ 76 ,  77 ].  

    Janus Kinase (JAK) Inhibitor: Tofacitinib 

 The oral Janus kinase inhibitor tofacitinib (CS-690 550) 
showed good effi cacy in moderate-to-severe UC according 
to a phase II multicenter double-blind trial [ 78 ]. The Janus 
kinase (JAK) family of intracellular, nonreceptor protein 
tyrosine kinases, which includes JAK1, JAK2, JAK3, and 
tyrosine kinase 2, transduce signals from multiple types I 
and II cytokine receptors. Upon receptor activation, JAKs 
phosphorylate signal transducer and activator of transcrip-
tion proteins that translocate to the nucleus and regulate the 
expression of numerous genes. This drives additional partici-
pation in the infl ammatory response. They were initially 
named “just another kinase” 1 and 2 (because they were just 
2 of a large number of discoveries in a polymerase chain 
reaction-based screen of kinases). They were ultimately 
called “Janus kinase” as 1 domain exhibits the kinase activ-
ity, whereas the other negatively regulates the kinase activity 
of the fi rst. Tofacitinib (CP-690,550), formerly known as 
CP-690, 550 and tasocitinib, is a selective oral inhibitor of 
JAK1 and JAK3 and, to a lesser extent, JAK2. 

 A total of 194 patients with moderate-to-severe active UC 
were randomized to receive twice daily tofacitinib at doses 
of 0.5, 3, 10, and 15 mg and placebo. Clinical benefi t was 
suggested by the fi nding of response rates at 8 weeks in 

32 %, 48 %, 61 %, 78 %, and 42 % of patients in each group, 
respectively [ 79 ]. Clinical and endoscopic remission showed 
signifi cantly higher rates in the high-dose group (15 mg) 
compared to placebo (41 % vs. 10 % and 27 % vs. 2 %, 
respectively). No increase in adverse events associated with 
tofacitinib was observed, except for a dose-dependent rise in 
levels of low-density lipoprotein and triglyceride, which 
returned to baseline levels during the washout phase.  

    RDP58 

 RDP58 (delmitide acetate) is a novel anti-infl ammatory 
d-amino acid decapeptide that inhibits synthesis of proin-
fl ammatory cytokines (TNF-alpha, IFN-gamma, IL-12, and 
IL-2). By targeting the TRAF6/IRAK4/MyD88 protein 
complex, it inhibits phosphorylation of p38 and JNK and 
therefore AP1 and NF-kappaB activation. At a dosage of 
200 and 300 mg, it was demonstrated to be safe and effec-
tive in the treatment of mild-to-moderate UC [ 80 ]. After 4 
weeks of treatment and 4 weeks of observation, success 
rates (disease score ≤3) were 71 % and 72 %, respectively, 
versus 43 % for placebo ( p  = 0.016). Histological, but not 
endoscopic, scores improved signifi cantly ( p  = 0.002) versus 
placebo. To date, approximately 400 patients and volunteers 
have been exposed to RDP58, with a good perceived safety 
profi le. A phase III is awaited for this attractive molecule 
based on its mode of action.  

    Exogenous Alkaline Phosphatase 

 In UC patients the mucosal surface of the colon wall is 
characterized by intermittent lesions and hyperpermeabil-
ity caused by chronic infl ammation. The alkaline phospha-
tase functions as resistance to bacterial and endotoxin 
transmigration but is also reduced secondary to the damage 
of the intestinal mucosa. The expected benefi cial effect of 
alkaline phosphatase is then in the reduction of the amount 
of active luminal bacterial lipopolysaccharide which would 
diminish its ability to induce intestinal infl ammation 
through the leaky infl amed intestinal mucosa. The safety 
and effi cacy of exogenous alkaline phosphatase was evalu-
ated in an open-label trial conducted in the Czech Republic 
and Italy [ 81 ]. Twenty- one hospitalized patients with mod-
erate-to-severe disease (Mayo score 6–11) received 30,000 
units of the enzyme administered daily via a naso-duodenal 
tube for a week. At day 21, 48 % (10/21) of patients showed 
clinical response, while 19 % (4/21) were in clinical remis-
sion and 33 % (7/21) did not respond. Clinical response and 
remission were associated with a decrease in C-reactive 
protein and stool calprotectin levels. This enteral adminis-
tration of alkaline phosphatase was well tolerated, but there 
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is a need for an acid-resistant oral form of this enzyme in 
order to be able to evaluate further its role in the therapeutic 
arsenal of UC.  

    Vidofl udimus Sc12267 (4SC-101) 

 The oral immunosuppressant vidofl udimus (SC12267, 4SC- 
101) inhibits the dihydroorotate dehydrogenase, which is a 
key enzyme in pyrimidine biosynthesis and interleukin-17 
(IL-17) release. There is an increased number of Il-17 pro-
ducing cells, such as CD4 T helper 17 (Th17) and CD8+ 
T cells, in the lamina propria of UC patients and the IL-23/
Th17 axis has been newly described as central to the patho-
genesis of IBD [ 82 ]. This compound has been evaluated as a 
remission maintenance agent in steroid-dependent IBD 
patients after steroid weaning in an open-label phase IIa study 
in Germany, Bulgaria, and Romania [ 83 ]. Twelve UC patients 
were included and receive the treatment. After 12 weeks of a 
daily intake of vidofl udimus 35 mg, remission was maintained 
in half of the UC patients without need for corticosteroids. 
One patient relapsed and fi ve patients could not be weaned off 
the steroids but were maintained in remission. No serious 
adverse events were observed. An RCT is now planned.   

    Additional Phase II Trials 

 To our knowledge, some interesting molecules are currently 
or have recently been studied in phase II trials [ 84 ] but results 
are incomplete at this point: Triolex ®  (HE-3286), a novel 
synthetic derivative of the steroid, β-AET (5-androstene-3β, 
7β, 17β-triol). It has a broad-based anti-infl ammatory activ-
ity (modulation of NF-kappaB pathway) but less adverse 
events such as immune suppression and bone loss as it does 
not interact with any of the steroid-binding nuclear hormone 
receptors [ 85 ]; a substance P antagonist (SR140333) on neu-
rokinin receptor 1which interferes with the actions of this 
neuropeptide on infl ammation sites and improves colitis in 
experimental models of colitis [ 86 ]; dersalazine sodium, a 
novel oral formulation, combining, through an azo bond, one 
molecule of 5-ASA with UR12715, a potent platelet- 
activating factor antagonist which induces anti-TNF-alpha 
effects and IL-17 downregulation [ 87 ]; and, fi nally, cannabi-
diol, a safe and non-psychotropic ingredient of the marijuana 
plant, because cannabinoid receptor activity promotes the 
reconstitution of injured colonic epithelium. It has also been 
recently demonstrated that cannabinoids accelerate wound 
closure during colitis and might have an inhibitory effect on 
the release of proinfl ammatory cytokines modulator of the 
gut neuro-immune axis [ 88 ]. 

 Cannabidiol (CBD) is an interesting compound because 
of its ability to control reactive gliosis in the CNS, without 

any unwanted psychotropic effects. CBD targets enteric 
reactive gliosis and counteracts the infl ammatory environ-
ment induced by LPS in mice and in human colonic cultures 
derived from UC patients. These actions lead to a reduction 
of intestinal damage mediated by PPAR-gamma receptor 
pathway. Our results therefore indicate that CBD indeed 
unravels a new therapeutic strategy to treat infl ammatory 
bowel diseases [ 88 ].  

    Other Rectally Administered Drugs 
for the Topical Treatment of Distal Colitis/
Proctitis 

    Tacrolimus (FK506) 

 Tacrolimus is a macrolide obtained from  Streptomyces tsu-
kubaensis  that has similar but stronger immunosuppressive 
effects than cyclosporine. Both belong to the family of the 
calcineurin inhibitors which decrease T-cell proliferation 
without interfering with DNA synthesis but through dimin-
ished IL-2 and interferon-gamma production, for instance 
[ 89 ]. Two recent open-label pilot studies have started to 
investigate the effi cacy of rectal tacrolimus in resistant distal 
colitis. In Australia, 8 patients with moderate-to-severe UC 
(5 proctitis, 2 left-sided, 1 extensive UC) received 4 weeks of 
topical tacrolimus [ 90 ]. At week 8, 75 % of the patients 
achieved clinical remission and most of them could taper or 
stop oral corticosteroids. In the Netherlands, van der Woude 
et al. have also reported the use of topical tacrolimus in 19 
patients with resistant distal IBD colitis (12 proctitis (sup-
positories), 7 left-sided extension (enemas). Clinical and his-
tological improvement was observed in 83 % and 67 % of the 
patients treated with suppositories and 60 % and 40 % of the 
enema group, respectively. In both studies, tacrolimus 
remained at a low serum level not usually associated with 
either toxicity or side effects [ 91 ]. As these studies per-
formed in diffi cult-to-treat patients demonstrate promising 
results, further randomized placebo-controlled trials are war-
ranted. It is worth noting that Pimecrolimus ®  cream is avail-
able on the market but is too frequently associated with a 
burning sensation on rectal application. Specifi c preparations 
were specially prepared for these studies and would require 
a compounding pharmacy to recreate formulations based on 
the original articles’ description.  

    Cyclosporine 

 Cyclosporine, the other anticalcineurin inhibitor, came into use 
as enema more than 10 years ago. Sandborn et al. performed 
an RCT versus placebo of cyclosporine enemas of 350 mg 
in 40 left-sided ulcerative colitis patients with or without 
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concomitant therapy with oral steroids and 5-ASA (4 arms) 
[ 92 ]. At 4 weeks, the number of patients showing clinical 
improvement in the two comparison groups was similar 
(8 for cyclosporine and 9 in the placebo group). Blood cyclo-
sporine levels were detectable in only two patients and no 
toxicity was noted. This negative fi nding may be related to 
the concentration of the medication on the mucosal surface. 
To our knowledge, the use of cyclosporine suppositories has 
not to date been investigated.  

    Arsenic (Acetarsol) 

 The precise mechanism of action of acetarsol in proctitis is 
unknown. However, the rationale evocated to justify the ini-
tial trial done in St. Mark’s Hospital was an antiprotozoal 
effect. This study on idiopathic colitis included 44 patients 
randomized to prednisolone suppositories or acetarsol sup-
positories 250 mg (containing 68 mg of 3-acetamido-4- 
hydroxyphenylarsonic acid) two suppositories nightly for 3 
weeks [ 93 ]. The formulation used an organic arsenic, which 
is by far less toxic than the inorganic forms. Among the 20 
patients who received the acetarsol, 18 showed clinical and 
19 endoscopic improvement, whereas 17 of the 20 patients 
on prednisolone improved. One patient presented with jaun-
dice in the acetarsol arm and stopped the treatment. Only one 
single small prospective open-label study has been reported 
using the same formulation of organic arsenic, given twice 
daily for 4 weeks [ 94 ]. In nine out of the ten treated patients 
with intractable proctitis, the symptoms and endoscopic 
signs of proctitis resolved within 2 weeks. Arsenic was 
absorbed systemically from the suppositories in the presence 
of active mucosal infl ammation, but the level dropped rap-
idly after acetarsol was withdrawn. Minimal clinical side 
effects were reported, except for one transient thrombocytosis. 
To our knowledge, no further studies have been published 
since on the use of this agent in distal colitis.  

    Probiotic Enemas,  Escherichia coli Nissle  1917 

 As an altered microbial composition (dysbiosis) and func-
tion is probably involved in the pathogenesis of IBD through 
the microbiota-host interaction [ 95 ], prebiotics-, probiotics-, 
and antibiotics-based therapies have stimulated interest. 
These therapies are therefore also described in detail in 
another section of this book. Probiotics are containing 
numerous varieties of nonpathogenic bacteria. Their postu-
lated benefi cial role would be to directly exclude other 
microorganisms from the epithelial surface, including patho-
gens, due to competition for the adhesion sites and to interact 
with the intestinal epithelium to improve its function [ 96 ]. 
However, we choose to mention  E. coli Nissle 1917  which 

has been studied in more detail as an oral preparation. 
Matthes et al. recently evaluated rectally administered  E. coli 
Nissle 1917  for acute distal UC. Ninety patients were ran-
domly allocated to three different dosages (40 ml, 20 ml, 
10 ml of probiotic enema (Mutafl or ® )) or placebo. The 
intention- to-treat analysis was negative. However, patients 
did achieve remission according to a dose-related manner in 
the per-patient analysis: 53 % in the 40 ml group, 44 % in 
20 ml, 27 % in 10 ml, and 185 in the placebo group 
( p  = 0.0446). Time to remission was also reduced with  E. coli 
Nissle  and the endoscopy results were favorable. Many 
patients in the trial were on concomitant oral therapy;  E. coli 
Nissle  40 ml enema is a potential adjunctive, well-tolerated, 
treatment option.  

    Fecal Bacteriotherapy 

 Fecal bacteriotherapy using fecal enemas for distal colitis 
was attempted by Borody et al. [ 97 ]. The rational idea behind 
it was to restore a normal balance in the colonic bacterial 
fl ora using feces from healthy donors (usually relatives) who 
were previously tested for numerous pathogens ( C. diffi cile  
and other conventional enteropathogens and viral hepatitis). 
Their anecdotal report mentioned six patients who received 
fecal saline enemas (200–300 ml) administered within 
10 min of preparation on a daily basis for 5 days and 
described symptom improvement after 1 week of follow-up 
and remission in all patients after 4 months without other UC 
medications. They also assessed remission maintained from 
1 to 13 years in this very specifi c group of patients. However, 
concerns linked to the risks associated with fecal transplanta-
tion. However, IBD patients are probably more ready than 
caregivers to assume the risk and acceptability of this treat-
ment [ 98 ]. A recent study was done representing the only 
placebo-controlled trial to date to treat patients with active 
ulcerative colitis with fecal enemas from nonrelated patients 
and did not demonstrate benefi t for FMT as primary treat-
ment in patients with active ulcerative colitis (who did not 
have  C. diffi cile  infection) [ 99 ].  

    Lidocaine 

 Initial studies in the 1990s showed a low risk of systemic 
adverse effects with local anesthetic gels used for their 
potential anti-infl ammatory properties [ 100 ]. The conceiv-
able mode of action is through the blockage of hyperactive 
nervous refl ex (possibly secondary to infl ammation) which 
could reduce the release of neuropeptides and additional 
infl uence on infl ammatory cell functions (such as adhesion, 
phagocytosis, lysis) [ 101 ]. A consecutive series of 100 
patients with all forms of ulcerative colitis with a good 
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response (83 %) to topical 2 % lignocaine gel (400 mg twice 
daily) within 6–34 weeks of treatment was reported at the 
time [ 101 ]. The relapse rate was high within the next 2 years 
after therapy, in particular for limited colitis. Finally, an RCT 
in 19 UC patients was unable to identify a change in the level 
of eicosanoids and neurotransmitters after the administration 
of topical ropivacaine [ 101 ]. The use of continuous intrave-
nous administration of lidocaine, initially indicated for 
severe abdominal pain, to induce improvement in a patient 
with refractory panulcerative colitis was reported [ 102 ].  

    Epidermal Growth Factor 

 Epidermal growth factor (EGF) is a mitogenic peptide pro-
duced by the salivary glands, which physiologically acts to 
maintain integrity of the oro-esophageal and gastric tissue by 
stimulating cellular proliferation, differentiation, and sur-
vival. However, circulating levels of EGF are low and not 
readily available to other parts of gastrointestinal mucosa. 
The objectives of this local therapy would be to propagate 
the abovementioned benefi cial effects to the colonic mucosa 
and therefore improve healing of mucosal injuries and then 
preserve its integrity and barrier function. The effi cacy of 
EGF enemas in left-sided ulcerative colitis has been assessed 
in a small RCT versus placebo involving 24 patients. After 2 
weeks of treatment with daily enemas of 5 mcg of EGF in 
100 ml of an inert carrier, all patients improved. Remission 
(defi ned by a St. Mark score ≤4 a non-stringent criteria) was 
achieved in 83 % of them compared to 8 % (one patient) in 
the control group. Endoscopic and histological assessments 
were also signifi cantly better in the EGF than the placebo 
group and were maintained throughout the entire follow-up 
(12 weeks) [ 103 ]. These impressive results are the sole ones 
published till now on the use of EGF for UC. One possible 
explanation for lack of further studies to date is the concern 
over the carcinogenic potential of EGF therapy in patients 
already at high risk of developing colorectal cancer.  

    Bismuth 

 Bismuth has been used for the treatment of gastric ulcer dis-
ease for over 100 years, and nowadays bismuth salicylate 
(Pepto-Bismol) is still used in  Helicobacter pylori  eradica-
tion and as over-the-counter antidiarrheal medication for 
nonsyndromic episodic diarrhea in both children and adults 
for its well-known antibacterial properties. In addition, its 
salicylate moiety and maybe bismuth as well could have 
anti-infl ammatory properties. A multicenter randomized trial 
by Pullan et al. compared bismuth citrate enema to 5-ASA 
enema in 68 UC patient with distal colitis over a 4-week 
treatment period [ 104 ]. Clinical remission was observed in 

18/32 (56 %) 5-ASA-treated and 12/31 (39 %) bismuth- 
treated patients ( p  = 0.16), with an endoscopic remission in 
20/32 (63 %) 5-ASA-treated and 15/31 (48 %) bismuth- 
treated patients ( p  = 0.26). There were statistical differences 
between the groups: the 5-ASA-treated patients had less severe 
symptoms at inclusion and also experienced less bleeding at 
week 4. The authors conclude that bismuth enema could be a 
good alternative to 5-ASA enema in intolerant patients. 
Unfortunately, this study was not powered to confi rm nonin-
feriority of bismuth versus 5-ASA enemas. Moreover, only 
half of the recommended dose for gastric pathology was 
used (450 mg bismuth citrate, equivalent to 216 mg of metal-
lic bismuth). Its potential antibacterial properties make it an 
interesting compound for future development.  

    Rebamipide 

 Rebamipide (2-(4-chlorobenzoylamino)-3-(2-(1H)-
quinolinon- 4-yl)-propionic acid) is used in Japan as antiulcer 
agent. It was demonstrated not only to enhance epithelial res-
titution by increasing the expression of growth factors and 
endogenous prostaglandin but also to inhibit proinfl amma-
tory cytokines (such as tumor necrosis factor-alpha) and to 
suppress in vitro neutrophile functions [ 105 ,  106 ]. The fi rst 
open-label study performed by Miyata et al. included 11 
patients with steroid-resistant/dependent proctitis or procto-
sigmoiditis. Nine out of 11 patients (82 %) achieved clinical 
remission after 12 weeks of twice-daily rectal administration 
of 150 mg of rebamipide [ 107 ]. Seven patients continued on 
long-term treatment (80 days) with a similar success rate. 
Since then, two other open-label Japanese studies increased 
the total treated to 42 patients [ 108 ,  109 ] but no RCTs have 
been reported.  

    Ecabet Sodium 

 Ecabet sodium is derived from pine resin and has been also 
initially used for gastritis and gastric ulcer; it was demon-
strated to stimulate endogenous prostaglandins, the capsaicin- 
sensitive sensory nerves, nitric oxide, and the mucin metabolic 
pathway. The ability to provide a barrier to a mucosal antigen 
has also been suggested for ecabet sodium. This substance 
was tested as an enema in two small open- label cohorts of 
patients with ulcerative colitis. In the original study, 6 of 7 
patients with limited distal colitis achieved clinical, endo-
scopic, and histological remission after 2 weeks [ 110 ]. In the 
most recent study performed entirely in 5 patients with more 
extensive colitis, two subjects almost achieved remission, one 
with a successful treatment of pouchitis, whereas two others 
with deep ulcers experience treatment failure [ 111 ]. To our 
knowledge, no further studies have been published.  

19 Novel Nonbiologic Therapies for Ulcerative Colitis



232

     D -Alpha Tocopherol (Vitamin E) 

 Vitamin E is a lipophilic antioxidant which protects mem-
brane lipids from peroxidation. A high production of reactive 
oxygen species has been demonstrated in the colonic mucosa 
of patients with IBD, and therefore, inhibition of lipid per-
oxidation and scavenging of oxygen free radicals are good 
strategies in order to prevent mucosal damage during the 
infl ammation process in UC. Mirbagheri et al. performed an 
open-label series in 14 mild-to-moderate active UC patients 
[ 112 ]. All the patients received d-alpha tocopherol enema 
(8,000 U/days), the dominant isomer of vitamin E in the 
serum, for 12 weeks in addition to their oral therapy (5-ASA 
and/or thiopurines). All patients showed clinical response 
with a signifi cant decrease in the value of the biological 
markers and 9 (64 %) achieved remission. These pilot results 
look promising and a larger trial is needed.  

    SCFA, Butyrate and Sucralfate 

 Short-chain fatty acids, such as butyrate, are important 
energy source for colonic cells to help them maintain their 
homeostasis especially in the infl ammatory state. In addi-
tion, the infl amed colonic mucosa seems to have a dimin-
ished capacity to oxidize butyrate maybe associated with 
TNF-alpha production [ 113 ]. It was also postulated that 
these compounds may play a role in colonic infl ammation, 
whereas sucralfate protects ulcerated mucosa of further dam-
ages by local adherence. Very promising open studies have 
suggested that these compounds are effective treatments for 
active distal UC. However, for each of these substances, at 
least two RCTs involving more than 50 patients have now 
showed no therapeutic value by these drugs in the treatment 
of ulcerative colitis [ 14 ,  114 ,  115 ]. The daily oral administra-
tion of delayed-release tablets of butyrate has been explored 
and resulted in inconsistent data. The results were similar for 
enemas and the conclusion was that oral or rectal short-chain 
fatty acid was not an effective treatment for UC [ 116 ]. 
Interestingly, newly available tablets combining butyrate 
with mesalazine showed promising results in an open-label 
study. The treatment offered (mesalazine 800 mg + butyrate 
0.3 g + inulin, thrice daily) to the 216 patients included in this 
multicenter Italian study was able to reduce disease activity, 
symptoms, and infl ammation of the mucosa [ 117 ]. A blinded 
study is needed to confi rm these results.   

    Conclusion 

 Further understanding of the pathogenesis of ulcerative colitis 
has generated interesting new hypotheses and led to novel 
systemic and topical therapies. Many of them are nonbiologic, 

such as nicotine, helminths, probiotics, heparin, ridogrel, 
lidocaine, phosphatidylcholine, curcumin, aloe vera, and 
other herbal medicine used for their antioxidant and anti- 
infl ammatory properties. Some small molecules which target 
cytokine receptors and infl ammatory pathways are also 
emerging from promising phase II trials. However, not all 
these drugs have been subject to controlled studies and their 
current evidence of effectiveness and safety should be inter-
preted with caution. Ultimately, a shared decision between 
the patient and the clinician, including costs, availability, and 
weighting of risks and benefi ts, should lead to the initiation 
of these alternative drugs into the conventional management 
of ulcerative colitis.     
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        Introduction 

 Although an individual’s susceptibility to develop infl ammatory 
bowel disease (IBD) appears to be genetically determined, 
the actual development of the disease is largely infl uenced by 
environmental factors. In developed countries IBD emerged 
during the middle of the twentieth century, initially in the 
form of ulcerative colitis (UC), but over the past several 
decades, Crohn’s disease (CD) has become the predominant 
form of IBD. Interestingly, in parts of the world where IBD 
was rare, epidemiologic studies have demonstrated the emer-
gence of UC [ 1 – 3 ]. These data support the role of environ-
mental infl uence on the development of IBD. Additionally, 
epidemiologic studies show an increased risk of IBD with 
immigration from a country with low IBD prevalence to high 
prevalence regions [ 4 ]. 

 While important advances have been made in our under-
standing of the genetics, pathogenesis, diagnosis, and medi-
cal management of patients with IBD, our emphasis on 
environmental modifi ers, health maintenance, and lifestyle 
factors that can affect the course, complications, and severity of 
the disease has not been nearly as signifi cant. Several modifi -
able factors have been identifi ed and are becoming increas-
ingly relevant for physicians and patients alike. This chapter 
summarizes the available evidence surrounding the infl uence 
of disease modifi ers on the natural history and course of 
UC, specifi cally prenatal and early childhood factors, medi-
cations, infections, appendectomy, and lifestyle infl uences.  

    Prenatal and Early Childhood 

 The fi rst year of life is considered a crucial period for immune 
system maturation and development of immune tolerance. 
Childhood living conditions including socioeconomic status, 
hygiene, birth order, family size, urban living, and breast-
feeding all may have an infl uence on UC development.  

    Hygiene Hypothesis 

 Hygiene, especially early in life, appears to have an impact 
on the bacterial colonization of the gut and other infectious 
exposures that determine the development of the immune 
system [ 5 ]. Although in early reports, high socioeconomic 
status was postulated as a risk factor for UC [ 6 ,  7 ], subse-
quent studies have not confi rmed this observation [ 8 ,  9 ]. 
These contradictory results may be explained by the reduc-
tion or disappearance of differences in living conditions 
between socioeconomic groups following the Second World 
War. The “hygiene hypothesis” which was initially formu-
lated as an explanation for allergies [ 10 ] has been extended to 
autoimmune diseases including diabetes and infl ammatory 
diseases including IBD [ 11 ]. It focuses on improved sanita-
tion during the twentieth century leading to decreased expo-
sure to enteric organisms in childhood and an inappropriate 
immunologic response to antigen exposure such as a gastro-
intestinal infection later in life [ 11 ]. This theory however is 
incompletely supported in the literature [ 12 ,  13 ]. 

 Proxy markers of improved sanitation and decreased envi-
ronmental exposures early in life that have been used as evi-
dence to support the hygiene hypothesis include  Helicobacter 
pylori  infection, family size, birth order, sibship, urban living, 
and pet exposures [ 12 – 14 ]. 
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 There is confl icting data regarding urban environments 
and the risk of UC with some observational studies showing 
an increase risk [ 15 ,  16 ], whereas others found no such rela-
tionship [ 17 ,  18 ]. Some studies found exposure to farm ani-
mals was protective in the development of UC [ 19 ]. Use of 
toothpaste in Western societies has also been implicated as a 
possible risk factor for IBD [ 20 ]. In an isolated report, expo-
sure to soft toys during childhood was found to be protective 
against the development of IBD [ 21 ]. This fi nding has not 
been validated or reproduced in other studies [ 22 ]. 

 In summary, these reports suggest that strict attention to 
hygiene and a lack of environmental exposures during infancy 
and as a young child might prevent the development of toler-
ance to many bacteria commonly found in the environment 
and predispose the individual to active immune- mediated 
events if the exposure occurs later in life. Although interesting 
from an epidemiologic perspective, these fi ndings are unlikely 
to lead to any specifi c recommendations to prevent IBD.  

    Breastfeeding 

 Breastfeeding has an impact on both the immune system and 
bacterial colonization of the gut, and therefore, possible 
effects on the development of IBD are intriguing. However, 
the evidence for a possible inverse association between 
breastfeeding and IBD remains controversial. Although sev-
eral studies suggested a protective effect of breastfeeding 
against the development of IBD, with a possible association 
between the duration of breastfeeding [ 23 – 28 ], in some stud-
ies, the association did not reach statistical signifi cance and in 
others was not apparent at all [ 8 ,  29 – 31 ]. In general, the asso-
ciation appears to be stronger for CD than for UC. A meta-
analysis that included seven studies suggested a protective 
effect of breastfeeding in developing early-onset IBD (OR, 
0.69; 95 % CI, 0.51–0.94;  P  = 0.02), but the composite data 
was limited by statistical fl aws, methodological defi ciencies, 
and recall bias of the primary data [ 32 ]. 

 Early weaning has also been implicated as a risk factor for 
UC [ 30 ]. While the notion that early weaning has an impact 
on both the immune system and bacterial colonization of the 
gut is appealing, a case-control study did not confi rm an 
association between early formula feeding and IBD [ 8 ]. It is 
thus possible that in studies showing a positive association, 
early weaning may be a surrogate marker for higher socio-
economic status. In general, breastfeeding studies are com-
plicated by long recall intervals and the potential for 
introduction of recall bias; therefore, the evidence is contro-
versial at best, and no fi rm conclusions can be made. 
Nonetheless, some authors recommend that as breastfeeding 
may be a possible protective factor for the development of 
IBD, any data that lends itself to increasing breastfeeding 
rates will also benefi t the general population [ 32 ].  

    Medications (See Table  20.1 ) 

       Antibiotics 

 An increased use of antibiotics after the Second World 
War coincided with the increased incidence of IBD and 
has led some investigators to speculate that antibiotic use 
may cause IBD [ 33 ]. A possible mechanism includes “dys-
biosis,” which is the disruption of gut microfl ora that leads 
to an imbalance between protective and pathogenic bacte-
ria [ 34 ]. Early evidence supporting antibiotics culpability 
showed an approximately threefold increase in antibiotic 
usage in IBD patients, but these data were retrospec-
tive and may have been infl uenced by recall and indica-
tion bias (i.e., patients receiving antibiotics for insidious 
symptoms not yet diagnosed as IBD) [ 16 ,  29 ,  35 ]. A case-
control, population-based study in Manitoba using docu-
mented antibiotic exposure has shown a threefold increase 
in antibiotic use in childhood IBD patients compared to 
controls [ 36 ]. However, given the observational methodol-
ogy of these studies, causation could not be established, 
and though some studies identifi ed  specifi c offending anti-
biotics (penicillin and extended-spectrum penicillin) [ 37 ], 
small sample sizes limit generalization. These results may 
indicate reverse causality and that infection more than the 
antibiotic use may actually cause IBD (see “Infections” 
section below). In addition, the prevalence of antibiotic use 
varies signifi cantly between countries and does not appear 
to correlate well with the incidence of IBD [ 22 ]. Although 
there is no defi nitive causation between early antibiotic use 
and IBD, liberal use of antibiotics in childhood should be 
avoided with special attention to doxycycline for acne [ 38 ], 
penicillin, or extended penicillin [ 37 ].  

   Table 20.1    Medications and the risk of infl ammatory bowel disease   

 Antibiotics  • No defi nitive cause between 
early use and IBD 

 • Most studied include 
tetracyclines, penicillin 

 Oral contraceptives  • Weak association with CD 
that increases with length of 
exposure 

 • Risk reverts to nonexposed 
population upon cessation 

 NSAIDs  • Possible association between 
NSAID use and exacerbation 
of IBD 

 • Caution with all NSAIDs 
including COX-2 inhibitors 

 • Short-term COX-2 inhibitors 
may not cause UC exacerbation 

   NSAIDs  nonsteroidal anti-infl ammatory drugs,  IBD  infl ammatory 
bowel disease,  CD  Crohn’s disease,  UC  ulcerative colitis  
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    Probiotics 

 A possible mechanism leading to IBD as discussed above is 
dysbiosis, which leads to an imbalance of protective and 
pathogenic bacteria. Probiotics and prebiotics are thought to 
reestablish equilibrium. Probiotics are live, nonpathogenic 
microbial food ingredients, usually of the genus 
 Bifi dobacterium  or  Lactobacillus , that alter the enteric fl ora 
and have been associated with benefi cial effects. Some non-
invasive coliforms and nonbacterial organisms such as 
 Saccharomyces boulardii  are also categorized as probiotics 
[ 39 ]. Prebiotics are selectively fermented short-chain fatty 
acids including fructo-oligosaccharides and galacto- 
oligosaccharides [ 40 ], and together prebiotics and probiotics 
are termed synbiotics. Given their ability to prevent the over-
growth of potentially pathogenic organisms and stimulate 
the intestinal immune defense system [ 41 ], synbiotics are 
being increasingly used as an adjuvant or alternative therapy 
for IBD [ 42 ]. In two controlled studies, a nonpathogenic 
strain of  Escherichia coli  was as effective as a 5-ASA prepara-
tion in maintaining remission in patients with UC [ 43 ,  44 ]. 
Probiotic combinations have the strongest evidence in the 
treatment of chronic pouchitis, reducing the relapse rates when 
compared to placebo [ 45 ,  46 ], and in the primary prevention 
of pouchitis postsurgery [ 47 ], though not all studies were 
favorable [ 48 ]. The use of probiotics and prebiotics in IBD is 
discussed elsewhere in this book.  

    Oral Contraceptives 

 Since the 1970s, several case reports as well as case-control 
and cohort studies have described an increased risk of IBD in 
women who use oral contraceptives (OCPs) [ 49 – 51 ]. 
Although cohort studies including more than 80,000 women 
reported increases in IBD risk ranging from 40 % to three-
fold, the results were not statistically signifi cant, especially 
after adjusting for cigarette smoking [ 50 – 53 ]. Other case- 
control studies have also suggested an association between 
OCP use and IBD, especially CD [ 54 ,  55 ]. The risk appears 
to be higher among longtime users [ 54 ,  56 ,  57 ] and among 
users of high-dose estrogen preparations [ 54 ]. 

 In a meta-analysis of two cohort studies and seven case- 
control studies from 1995, the pooled OR for UC among OCP 
users was 1.29, but did not reach statistical signifi cance 
(95 % CI: 0.9–1.8) [ 58 ].    A more recent meta-analysis from 
1983 to 2007 that included a total of 75,815 patients (14 stud-
ies, with 36,797 exposed to OCP and 39,018 nonexposed 
women) showed that the pooled relative risk (RR) for UC in 
women currently taking the OCP was 1.53 (CI 1.21–1.94, 
 P  = 0.001) and 1.28 (CI 1.06–1.54,  P  = 0.011), adjusted for 
smoking. With cessation of smoking, the RR for UC did not 
change, but was no longer statistically signifi cant [ 59 ]. 

 In summary, available evidence supports a weak association 
between OCP use and IBD that increases with length of 
exposure, but with cessation of OCP, the risk reverts to that 
on the nonexposed population. The thrombogenic potential 
of OCPs, leading to multifocal gastrointestinal infarctions 
mediated by chronic mesenteric vasculitis, similar to those 
of smoking, is the proposed mechanism underlying the effect 
of OCPs [ 53 ,  60 ]. No recommendations can be made regard-
ing the use of OCPs and the risk of developing IBD.  

    Nonsteroidal Anti-infl ammatory Drugs 
(NSAIDs) 

 NSAIDs are one of the most commonly used medications 
worldwide and have been implicated as a cause of fl ares sec-
ondary to an inhibitory effect on prostaglandins and through 
uncoupling mitochondrial oxidative phosphorylation [ 61 ]. 
The association between NSAIDs and IBD fl ares has not been 
clearly established, though several studies have examined this 
relationship [ 62 – 68 ]. In the United States, more than 70 mil-
lion NSAID prescriptions and 30 billion over-the- counter 
preparations are sold every year [ 69 ]. Although NSAID use 
has typically been associated with the development of gastro-
duodenal injury, evidence implicating these agents in inducing 
and exacerbating damage in the distal gastrointestinal tract is 
also mounting. Colonic injury ranging from colitis resem-
bling infl ammatory bowel disease to colonic perforation and 
bleeding has been described [ 65 ,  70 ,  71 ]. 

 More than 80 % of patients with IBD interviewed in 
one study reported use of NSAIDs within the previous 
month, and approximately one-third of these patients 
thought that there was an association between their IBD 
symptoms and NSAID use. In contrast, only 2 % of the 
IBS population used as a control group reported worsen-
ing symptoms following NSAID use [ 64 ,  66 ]. Most stud-
ies are case series or case reports and have reported an 
association between NSAIDs and IBD, though given the 
methodological shortcomings, causality cannot be estab-
lished [ 62 ,  63 ,  67 ,  68 ]. For example, in new cases of IBD, 
there was a signifi cant self-reported exposure to NSAIDs/
salicylates within 3 months prior to presentation when 
compared to sex-matched community controls (OR = 9.1, 
95 % CI:4.5–21.9) [ 68 ]. Some studies did not fi nd a rela-
tionship between NSAIDs and IBD activity though these 
had signifi cant limitations [ 64 – 66 ]. 

 The exact mechanism by which NSAIDs can lead to 
exacerbations of IBD is not fully understood, though some 
speculate that small bowel mitochondrial dysfunction and 
colonic effects of prostaglandin are central. The key enzyme 
in the inhibition of colonic prostaglandin (PG) synthesis is 
cyclooxygenase (COX), which exists in two isoforms, COX-1, 
the constitutive enzyme involved in maintaining mucosal 
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integrity in the GI tract, and COX-2, an inducible enzyme 
that is expressed at sites of infl ammation [ 72 ]. COX-2 
expression is signifi cantly increased in the colonic mucosa of 
patients with active IBD when compared to inactive disease 
or healthy controls [ 73 ]. COX-2 appears to have a benefi -
cial effect in healing experimental colitis, and in theory, 
COX-2 inhibition might impair colitis healing [ 72 ]. 
Alternatively, NSAIDs uncouple mitochondrial oxidative 
phosphorylation and reduce ATP levels, which can lead to 
increased permeability because of dysfunction at the mucosal 
tight junctions [ 74 ]. 

 Because of the evidence suggesting that COX-2-specifi c 
inhibitors are less toxic to the gastrointestinal tract than 
traditional NSAIDs, patients and physicians have hoped 
that selective inhibition of COX-2 would result in anti- 
infl ammatory and analgesic effects without exacerbating IBD. 
However, cases of IBD fl ares associated with the use of COX-2 
inhibitors have been reported in the literature [ 75 – 77 ]. In a 
series of 33 patients with IBD who were prescribed with 
celecoxib or rofecoxib, 39 % experienced exacerbation of 
their disease [ 78 ]. A multicenter, randomized, double- 
blinded, placebo-controlled trial that enrolled 222 subjects 
with UC in remission found that rates of UC exacerbation 
were similar between groups who were taking 200 mg of 
celecoxib or placebo [ 67 ]. The general expert consensus is 
that the use of COX-2-specifi c inhibitors in patients with 
IBD should be viewed with the same caution as the use of 
traditional NSAIDs [ 79 ,  80 ]. 

 There is no simple solution for patients who require 
NSAIDs and have signifi cant IBD activity. When patients are 
using NSAIDs to control the pain from IBD-related arthritis, 
the intestinal disease should be treated aggressively hoping 
that the severity of the arthritis will decrease as the intestinal 
infl ammatory activity resolves. Non-NSAID analgesics can 
be prescribed in the interim to control joint pain. Non-NSAID 
analgesics and local measures can be used for the treatment of 
trauma-related pain and infl ammation in patients with IBD. If 
these fail, a short course of NSAIDs or COX-2-selective 
inhibitors may be prescribed with close monitoring of symp-
toms and side effects.   

    Lifestyle Factors 

 Smoking is the best-described environmental factor affecting 
IBD. The overall effects of smoking on UC are summarized 
in Table  20.2 . Other modifi able factors such as diet, exercise, 
and stress are less supported and are summarized in 
Table  20.3 .

       Smoking 

 Smoking is the best characterized of the environmental factors 
that can affect the severity and natural history of IBD, though 
the relationship between smoking and IBD is complex. Smoking 
has been recognized as a risk factor for IBD for over 25 years, 
where cigarettes were associated with an increased prevalence 
of CD, while nonsmoking was associated with the development 
of UC [ 81 – 83 ]. There is also strong evidence suggesting that 
smoking cigarettes has a negative effect on the course of CD and 
that smoking cigarettes may improve the disease severity or 
have a “protective” effect in some patients with UC [ 84 ].  

   Table 20.2    Effects of smoking and smoking cessation on infl ammatory 
bowel disease   

 Crohn’s disease  Ulcerative colitis 

 Smoking  • Increased prevalence  • Decreased prevalence 
 • Negative effect on course  • “Protective effect” 

 • More relapses  • Less fl ares 
 • Increased 

complications 
    • ? Reduced 

hospitalizations 
 • More surgeries  • ? Reduced colectomy 

rates 
 • Increased need for use 

of immunomodulators 
 • Reduced incidence of 

pouchitis 
 Smoking 
cessation 

 • Decreased risk of 
relapse and 
postoperative recurrence 

 • Increased disease activity 
 • Increased need for 

hospitalization, steroids, 
and immunomodulators  • Decreased risk for 

steroids and 
immunomodulators 

 • ? Increased need for 
colectomy 

   Table 20.3    Role of lifestyle on ulcerative colitis   

 Exercise  • May decrease the incidence 
 • Possible reduction in incidence of colon cancer 
 • Improvement in quality of life 
 • No association with reduction in fl ares or activity 

 Diet  • Refi ned sugars may increase risk 
 • Increased protein and fat may increase risk 
 • Red/processed meat, protein, and alcohol were 

associated with relapse 
 • High intake of dietary fi ber, fruit, or vegetables may be 

protective against the development of IBD 
 Stress  • Depression, anxiety, IBS prevalent in IBD 

 • No clear evidence that stress causes IBD 
 • Increases use of medical services 
 • Improved social support can improve health outcomes 
 • Treatment of depression/anxiety may decrease relapse or 

severity 

   IBD  infl ammatory bowel disease  
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    Smoking and Ulcerative Colitis 

 Ulcerative colitis is predominately a disease of nonsmokers 
or former smokers. The incidence of UC in the Mormon 
community where smoking is discouraged is fi vefold higher 
than the general population [ 85 ,  86 ]. Lifetime nonsmokers 
are almost three times more likely to have UC than current 
smokers [ 87 ]. Several meta-analyses as well as observa-
tional and case-control studies have confi rmed that the rela-
tive risk of developing ulcerative colitis is reduced in 
smokers when compared to people who have never smoked 
and to individuals who have quit smoking [ 88 – 90 ]. A meta-
analysis that included a total of 245 articles found an asso-
ciation between former smoking and UC (OR, 1.79; 95 % 
CI, 1.37–2.34) and that current smoking had a protective 
effect on the development of UC when compared with con-
trols (OR, 0.58; 95 % CI, 0.45–0.75) [ 90 ]. Furthermore, 
approximately two-thirds of former smokers with UC develop 
the disease after quitting smoking with a particularly high 
incidence in the fi rst few years [ 91 – 93 ]. Smokers have also 
been noted to have a reduced incidence of conditions such as 
primary sclerosing cholangitis (PSC), with or without associ-
ated IBD [ 94 – 96 ] and pouchitis [ 97 ]. The protective effect 
against PSC suggests a systemic effect rather than a local 
effect on the colon [ 53 ]. 

 Smoking also appears to have an effect on the clinical 
course of UC. A signifi cant proportion of patients report that 
their colitis improves while smoking ~20 cigarettes daily. 
Similarly, smokers with UC report fewer bowel complaints 
than their nonsmoking counterparts [ 98 ]. Several studies 
have reported lower hospitalization rates in smokers with 
UC, higher colectomy rates in ex-smokers who quit smoking 
before the onset of their colitis [ 99 ], reduced rates of clinical 
relapse in patients who began smoking after diagnosis [ 100 ], 
and reduced incidence of pouchitis in smokers following 
proctocolectomy [ 97 ]. Conversely, smoking cessation is usu-
ally followed by a statistically signifi cant increase in disease 
severity, hospitalization rate, and need for major medical 
therapy, when compared to continuing smoking [ 101 ]. 

 The effects of passive smoking on the development or the 
course of UC are less clear. Early studies suggested that pre-
natal passive smoking or exposure during early childhood 
may offer protection against developing UC as in active 
smoking [ 102 ,  103 ]. Meta-analyses that included 13 studies 
did not fi nd a positive relationship between UC and prenatal 
smoke exposure (OR 1.11, 95 % CI 0.63–1.97) or childhood 
passive smoke exposure (OR 1.01, CI 0.85–1.20) [ 104 ]. 
However, the small sample size prevented defi nitive conclu-
sions. A follow-up survey and retrospective review that 
included 675 IBD patients (56 % CD and 44 % UC) found 
that UC patients who were passive smokers developed more 

pouchitis (100 % versus 44 %;  P  < 0.038) and backwash 
ileitis (16 % versus 4 %;  P  < 0.023) than nonpassive smokers, 
but passive smoking did not alter the need for medication, 
surgery, or hospitalizations [ 105 ]. 

    Pathogenesis of Smoking in IBD 
 Despite these well-described associations, the mechanism by 
which cigarette smoking affects UC and CD in opposite ways 
is not fully understood. In addition to nicotine, tobacco smoke 
contains hundreds of substances including free radicals and 
carbon monoxide (CO) [ 106 ]. Several effects of nicotine are 
likely contributors to the role of smoking as a disease modi-
fi er in IBD. Nicotine modifi es the thickness of the mucus and 
abolishes the synthesis of infl ammatory cytokines in the 
colonic mucosa in animal models [ 33 ,  55 ]. In humans, 
nicotine is known to decrease the production of mucosal 
eicosanoids and some cytokines such as IL-2, IL-8, and 
TNF-α [ 106 – 108 ]. Nicotine also reduces smooth muscle tone 
and contractile activity as a result of NO release, changes in 
the microcirculation, and transient ischemia [ 9 ,  109 ]. 
Cigarette smoke, in turn, increases lipid peroxidation and 
modifi es the mucosal immune response [ 110 ]. Smoking 
increases carbon monoxide concentrations, which might 
amplify the impairment in vasodilation capacity in chroni-
cally infl amed microvessels, resulting in ischemia and per-
petuating ulceration and fi brosis [ 106 ,  111 ]. 

 Patient-related factors have also been found to play a role 
in the type and magnitude of the effects of smoking in 
IBD. The effects of nicotine on IBD appear to be dose related 
with signifi cant changes seen with 15 or more cigarettes per 
day. Women appear to be more susceptible than men to the 
harmful effect of smoking on CD, and as seen in patients 
with UC, the protective effect of nicotine is more effi cient in 
the distal intestine [ 106 ].  

    Smoking and IBD in Clinical Practice 
 Although most evidence supports a benefi cial effect of ciga-
rette smoking on the course of UC, these patients should not 
be encouraged to smoke and should, as any other smoker, 
receive education about the health risks of nicotine use. 
Patients with UC should be educated about the relationship 
between smoking and their disease and should be allowed to 
make their own decision based on the available data.   

    Diet 

 Various dietary exposures have been proposed as causative 
factors in IBD. Based on population and immigration 
studies, and considering the increase in the incidence of UC 
in countries like Japan and South Korea during the 1990s, 
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a Westernized diet has been implicated in the development of 
IBD [ 22 ,  112 – 114 ]. Studies examining associations between 
diet and disease are diffi cult to perform because of recall 
bias and the possibility that the diet was modifi ed before a 
formal diagnosis of IBD as a result of chronic gastrointesti-
nal symptoms. Early dietary studies were poorly conducted 
and fraught with methodological defi ciencies, making it 
impossible to draw any meaningful conclusion [ 115 ]. 
Refi ned sugar, fast foods, margarine, and dairy products, 
while vegetables, fruits, fi sh, and dietary fi ber, have been 
investigated. 

    Refi ned Sugar 
 Consumption of refi ned sugar has been found to be associ-
ated with IBD in several retrospective case-control studies 
[ 116 ,  117 ]. Trials that have aimed to minimize diffi culties 
with dietary recall bias by studying patients diagnosed within 1 
year have shown contradictory results, with some [ 117 – 119 ] 
but not all studies showing an association [ 116 ,  120 ,  121 ]. 
Because smoking is positively associated with sugar con-
sumption, the interpretation of data derived from dietary 
studies is complicated. When analyzed separately, sugar 
intake and smoking have been shown to be independent risk 
factors; however, combined exposure did not result in a fur-
ther increased risk [ 122 ,  123 ].  

    Protein and Fat 
 A positive association has been demonstrated for both UC 
and CD with protein and fat consumption, although the 
results are inconsistent, and the studies may also be 
affected by methodological problems [ 113 ,  119 ,  124 ]. In a 
prospective study [ 125 ], dietary factors such as a high 
intake of red and processed meat, protein, and alcohol were 
associated with an increased likelihood of relapse in 
patients with UC.  

    Fruits and Vegetables 
 High intake of dietary fi ber, fruit, or vegetables may be pro-
tective against the development of IBD, but results vary 
among studies [ 113 ,  119 ,  126 ]. It is unclear whether this 
fi nding is the result of decreased fi ber intake in response to 
symptoms of stricturing CD [ 53 ].  

    Fast Food and Cola Drinks 
 Both fast food and cola drinks have been implicated as risk 
factors for UC and CD [ 21 ,  126 ]. Many more foods have 
been implicated in the development or worsening of IBD, 
including margarine [ 127 ], dairy products [ 128 ], baker’s 
yeast [ 129 ,  130 ], coffee [ 126 ,  131 ], alcohol [ 131 ,  132 ], corn-
fl akes [ 133 ,  134 ], and curry [ 135 ], among others. Lactase or 
other enzymatic defi ciencies secondary to extensive mucosal 
involvement may be involved in specifi c food intolerance in 
patients with CD. In general, none of these associations has 

been irrefutably proven, and no fi rm clinical recommenda-
tions can be made in this regard.  

    Other Foods and Food Allergies 
 Food allergies, food additives, and spices such as curry may 
play a role in the development of IBD. Food allergies may 
play a role in the pathogenesis of IBD because dietary anti-
gens may act as immunoregulators [ 136 ,  137 ]. Small studies 
have shown that patients with CD demonstrate a stronger 
response to food antigens than healthy individuals [ 137 ]. 
The success of treatment with elemental or exclusion diets 
would support food allergy as a biological pathway in 
patients with CD. Similarly, food additives present in mod-
ern urban diets may be involved in immune reactions both 
locally and systemically and have been proposed as an etio-
logical factor in IBD, especially CD [ 138 ,  139 ]. 

 The low incidence of IBD in populations with high con-
sumption of curried and highly spiced food is intriguing. It 
has been postulated that curcumin, a major component of 
curry, has antioxidant and anti-infl ammatory activity, acting 
as a protective factor against the development of IBD [ 135 ]. 
Overall, the retrospective nature of diet-related studies makes 
any defi nitive conclusions diffi cult, but a well-balanced diet 
rich in fruits and vegetables and low in refi ned sugars would 
be generally recommended.   

    Exercise 

 Sedentary and physically less demanding occupations have 
been associated with a higher incidence of IBD, though the 
data is limited and weak [ 140 – 143 ].    Exercise, in contrast, 
has been associated with improvements in quality of life, but 
not activity index scores, in patients with UC [ 144 ]. 

 While GI symptoms such as nausea, heartburn, diarrhea, 
and occasionally GI bleeding are common during intense 
sports [ 145 – 148 ], physical activity has also been associated 
with long-term benefi ts in the GI tract, especially a consis-
tent reduction in colon cancer risk, which, although docu-
mented in non-IBD patients, may also extend to individuals 
with IBD [ 149 ,  150 ]. 

 Although the preventive effect of exercise remains incon-
clusive, it seems clear that physical activity is not harmful for 
patients with IBD. Another important reason to recommend 
regular physical activity is that IBD patients, especially those 
on chronic steroids, are at risk for osteoporosis and osteope-
nia [ 150 ,  151 ]. A low-impact exercise program can poten-
tially increase bone density in these patients [ 152 ]. Exercise 
may also alleviate stress and allow people to deal with stress-
ful events more effectively, increasing the sense of general 
well-being and quality of life [ 153 ]. Physical activity should 
be recommended, keeping in mind that there is limited data 
regarding exactly how much exercise is appropriate [ 79 ].  
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    Stress 

 Accumulating evidence suggests that stress appears to play a 
signifi cant role in increasing disease activity and frequency 
of relapses, as well as the use of medical services in patients 
with IBD [ 80 ,  154 – 160 ]. Factors such as potential disability 
caused by the symptoms of IBD and the uncertainty regard-
ing disease outcomes can produce signifi cant stress in 
patients living with IBD, and this needs to be addressed by 
the clinician caring for IBD patients [ 154 ]. Although many 
patients and family members are convinced that stress is an 
essential factor in the onset and course of IBD, it has been 
diffi cult to correlate the development of disease with any 
psychological issues or disease exacerbations with stressful 
life events [ 161 ]. Many studies report that anxiety and 
depression are more prevalent in patients with IBD [ 162 –
 164 ] and that stress [ 165 ] and adverse life events [ 166 ,  167 ] 
can trigger relapses. However, not all agree as one study 
found no evidence of an association between psychological 
stress, as measured by the death of a child, and the onset of 
IBD [ 168 ]. 

 Strategies that improve social support, including local 
groups where individuals can share their experiences, may 
have a favorable impact on psychological distress and ulti-
mately improve health outcomes in patients with IBD [ 158 ]. 
Additionally, diagnosis and treatment of concomitant mood 
disorders can have a positive impact on patient’s outcomes. 
A retrospective study found that there was less relapse and 
steroid use among 14 ulcerative colitis and 15 Crohn’s dis-
ease patients who were started on an antidepressant for a 
concomitant mood disorder compared to that of controls 
matched for age, sex, disease type, and medication over a 
1-year period [ 169 ]. The possibility of concurrent irritable 
bowel syndrome (IBS)-related symptoms and their relation 
to stressful events should also be recognized to minimize 
the use of potent anti-infl ammatory or disease-modifying 
therapies in the absence of a documented infl ammatory 
component. Overall empathy, understanding, positive 
regard, and psychological support improve the patient-
physician relationship and lead to better quality of life for 
the patients [ 170 ].   

    Infections 

 IBD appears to result from the interaction of three essential 
cofactors: host susceptibility, enteric microfl ora, and muco-
sal immunity. Therefore, it has been proposed that intestinal 
bacteria may play a role in triggering and perpetuating 
chronic bowel infl ammation. In susceptible individuals, a 
breakdown in the regulatory constraints of the mucosal 
immune response to enteric bacteria may result in the devel-
opment of IBD [ 39 ]. Non-enteric systemic infections have 

also been proposed as causing a fl are of IBD by releasing 
cytokines. The role of infections in the development and during 
the course of IBD is summarized in Table  20.4 .

       Mycobacterium avium  subspecies 
 paratuberculosis  (MAP) 

  M. paratuberculosis  (MAP), a subspecies of  M. Avium , is 
known to cause Johne’s disease, a granulomatous enterocoli-
tis that resembles Crohn’s disease, in sheep and cattle and 
has been widely studied for its possible role in the develop-
ment of IBD, particularly CD, though there is some data for 
UC. DNA from that organism has been detected in blood of 
50 % (14/28) of patients with Crohn’s disease, 22 % (2/9) 
with ulcerative colitis, and none (0/15) in individuals without 
infl ammatory bowel disease [ 171 ]. Fecal samples have also 
detected MAP DNA in UC patients [ 172 ]. Although the 
hypothesis involving mycobacteria in the pathogenesis of 
IBD is intriguing, the theory has not been proven, and anti-
mycobacterial therapy cannot be recommended in the man-
agement of affected patients [ 53 ].  

     Listeria monocytogenes  

 Early reports suggested that  Listeria monocytogenes  may 
have the potential to cause IBD [ 173 ,  174 ]. Recently, this 
theory has lost strength when studies utilizing tissue culture 
and PCR have not found the bacteria in biopsy specimens 
from IBD patients [ 175 ].  

    Enteric  Salmonella  or  Campylobacter  Infection 

 Following infectious gastroenteritis, in a population-based 
cohort of 43,013 subjects, the risk of IBD increased 2.4 times 

   Table 20.4    Infectious agents possibly linked to the occurrence of 
infl ammatory bowel disease   

  Bacterial  
 •  Mycobacterium paratuberculosis  
 •  Listeria  
 • Pharyngitis and otitis 
 •  Helicobacter pylori  
  Viral  
 • Unspecifi ed childhood gastroenteritis 
 • Measles and measles vaccination 
 • Mumps 
 • Infl uenza 
 • Varicella 
  Parasites  
 • Helminthic parasites 
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over a 3.5-year follow-up with the greatest risk during the 
fi rst year. The estimated incidence rate of IBD was 68.4 per 
100,000 person-years after an episode of gastroenteritis and 
29.7 per 100,000 person-years in the control cohort [ 176 ]. In 
a Danish population-based cohort, comparing patients with 
 Salmonella  or  Campylobacter  exposure to unexposed con-
trols found an HR of 2.9 for developing IBD during a 7.5- 
year follow-up [ 177 ]. However, a large population-based 
study including 6.9 million people had examined temporal 
risk patterns following a positive or negative test and con-
cluded that the increased occurrence of IBD following detec-
tion of these enteric organisms was likely from detection bias 
and not causality [ 178 ].  

     Helicobacter pylori  

  H. pylori  is acquired early in life and has a negative associa-
tion with CD [ 179 ] and UC. This suggests a possible protec-
tive effect from developing IBD perhaps through an  H. 
pylori -mediated alternation in T-cell gene expression [ 180 ]. 
In a cohort of 1,061 patients with IBD and 64,451 controls,  H. 
pylori  was inversely associated with CD (0.48, CI 0.27–0.79) 
and UC (0.59, CI 0.39–0.84) compared to controls [ 181 ]. 
Another study found that the adjusted OR for UC was 0.59 
(95 % CI 0.39–0.84) and  H. pylori -negative gastritis was posi-
tively associated with UC 2.25 (95 % CI 1.31–3.60) [ 181 ].  

    Mumps/Measles Infection or Mumps/Measles 
Vaccination 

 In the 1950s, an association between exposure to mumps or 
measles and the development with IBD was described, but 
the data supporting this relationship is controversial. 
A chronic granulomatous vasculitis of the mesenteric endo-
thelium has been postulated as the mechanism to explain the 
onset of IBD [ 182 ]. 

 Several studies have found an association between early 
infection and development of IBD. Data from the Mayo 
Clinic suggested that there was a trend towards IBD in a ret-
rospective, survey-based study that included 1,164 subjects 
with measles prior to age 5. However, this study was limited 
by a 57 % rate of questionnaire completion, recall bias, and 
retrospective design [ 183 ]. In a British cohort study, mumps 
infection before age 2 years was found to be a risk for UC 
(odds ratio, 25.12; 95 % confi dence interval, 6.35–99.36) 
[ 184 ]. No signifi cant relationship between measles infection 
or vaccination at a young age and subsequent IBD was found 
in this cohort. An increased incidence of IBD following con-
current epidemics of mumps and measles has also been 
reported in other parts of the world [ 185 ,  186 ]. Other studies 
however have found no such relationship, including measles 

vaccinations and CD, measles epidemics and development of 
IBD, or perinatal measles and an IBD diagnosis [ 187 – 189 ]. 

 Similarly, the use of attenuated live measles vaccine was 
implicated as a possible cause of CD when the prevalence of 
the disease in a group of people who received the vaccine 
was two to three times higher than in the group that did not. 
However, the fi ndings from population, as well as microbio-
logic studies, do not support the relationship between viral 
infections or MMR vaccinations and IBD [ 190 – 193 ]. Several 
studies showed no signifi cant differences in the titers of 
serum anti-mumps IgG in IBD patients when compared to 
healthy controls [ 194 – 196 ]. Similarly, studies using amplifi -
cation techniques found no evidence of mumps viral genome 
in intestinal mucosa or peripheral lymphocytes of patients 
with IBD [ 197 – 199 ]. In general, the available evidence does 
not support the theory that measles or mumps infection or 
vaccination leads to IBD.  

    Other Infections 

 Childhood infections have also been postulated as a potential 
factor associated with the development of IBD. In a popula-
tion study, patients with CD were more likely to report an 
increased frequency of childhood infections in general (OR 
4.67, 95 % CI 2.65–8.23) and pharyngitis specifi cally (OR 
2.14, 95 % CI 1.30–3.51) than healthy counterparts. 
Treatment with antibiotics for both otitis media (OR 2.07, 
95 % CI 1.03–4.14) and pharyngitis (OR 2.14, 95 % CI 
1.20–3.84) was also more common in the group with 
CD. Patients with UC also reported an excess of infections in 
general (odds ratio 2.37, 95 % CI 1.19–4.71), but not an 
excess of specifi c infections or treatments with antibiotics. 
Persons who reported an increased frequency of infections 
tended to have an earlier onset of CD ( P  < 0.0001) and ulcer-
ative colitis ( P  = 0.04) [ 16 ]. 

 Several studies have reported a higher frequency of gas-
troenteritis or diarrheal illness during infancy among future 
IBD patients [ 9 ,  24 ,  30 ,  178 ]. As noted earlier, recall or 
detection bias may affect the validity of the conclusions 
obtained from these studies. 

 An adhesive strain of  E. coli  has been implicated in the 
pathogenesis of UC [ 200 ]. Many other agents including 
 Clostridium ,  Pseudomonas ,  Mycoplasma ,  Cytomegalovirus , 
herpes, and rotaviruses have been considered but not proven 
to have a role in IBD [ 201 ]. 

 Reduced immunologic exposure to helminthic parasites 
has also been proposed as a potential factor to explain the 
increased incidence of CD in industrialized societies when 
compared to developing countries [ 39 ]. Colonization with 
pathogenically attenuated helminths has been used to switch 
the mucosal cytokine profi le in patients with CD. In a small 
open-label trial, the administration of porcine whipworm 
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eggs was safe and resulted in the improvement of CDAI 
scores for both CD and UC [ 202 ]. 

 In summary, although the bulk of the evidence does not 
suggest that IBD is an infectious or a self-antigen-specifi c 
autoimmune disease, recent fi ndings suggest that mucosal 
damage might be initiated and driven by common, ubiqui-
tous microbial agents derived from the normal bacterial fl ora 
in the intestinal lumen [ 203 ].   

    Appendectomy/Appendicitis 

 Appendectomy has been consistently found to be protective 
against the development of UC [ 29 ,  179 ,  204 – 207 ]. A meta- 
analysis of 17 case-control studies including more than 3,600 
cases and over 4,600 controls showed that appendectomy 
was associated with a 69 % reduction in the subsequent risk 
of UC [ 53 ,  208 ]. The results of cohort studies have been less 
consistent, with two large series producing confl icting 
results. A Swedish inpatient registry of 212,963 patients with 
more than 5 million person-years of follow-up showed that 
patients who underwent appendectomy for appendicitis and 
mesenteric lymphadenitis had a 25 % reduction of the risk of 
developing UC. The protective effect was only seen if the 
appendectomy was performed before the age of 20 years. 
Appendectomy for noninfl ammatory conditions such as non-
specifi c abdominal pain did not appear to confer protection 
against UC [ 209 ]. In another large cohort from Denmark, 
154,000 patients who had undergone appendectomy were 
followed for over 1 million person-years. Although the 
cohort was found to be 13 % less likely to be diagnosed with 
UC than previously documented national averages, the dif-
ference was not statistically signifi cant [ 209 ]. Despite these 
somewhat confl icting results, most evidence from case- 
control and cohort studies suggest that appendectomy is a 
protective factor against UC [ 53 ]. 

 The infl uence of appendicitis and appendectomy on UC is 
not limited to the onset of the disease. Appendectomy also 
appears to infl uence the clinical course of UC. When com-
pared to patients with UC and an intact appendix, patients 
who have undergone appendectomy and develop UC are 
diagnosed at an older age [ 210 ,  211 ], develop less recurrent 
symptoms [ 210 ], require colectomy less frequently [ 206 , 
 212 ], and require less immunosuppressive therapy to control 
the disease [ 206 ]. The effect of appendectomy on the clinical 
course of patients with known UC is limited to case reports 
and small case series and results are confl icting [ 53 ]. 

 The mechanism by which appendectomy protects against 
UC is unknown. The appendix is part of the mucosa- 
associated lymphoid tissue system and is involved in 
B-lymphocyte-mediated immune responses and extrathymic 
T lymphocytes. A T-cell receptor alpha chain knockout mouse 
model of colitis showed that infl ammation was suppressed in 

animals that underwent appendectomies [ 213 ]. Because of its 
role as a reservoir for enteric bacteria, removal of the appen-
dix may infl uence the mucosal immune system and the anti-
genic exposure in the bowel lumen [ 201 ].  

    Summary 

 The role of certain environmental and lifestyle factors on the 
onset, severity, and course of IBD is signifi cant. Patient edu-
cation and, when possible, modifi cations of these risk factors 
should be an integral part of the care provided to patients 
with IBD. Smoking is the best studied of the disease modi-
fi ers in IBD, and smoking cessation should be encouraged 
for all IBD patients. Although achieving long-term smoking 
cessation is diffi cult, IBD patients, including those with UC, 
should be encouraged to quit smoking. The benefi ts of smok-
ing cessation outweigh the risk of aggravating UC, and pro-
viders caring for these patients should be prepared to adjust 
the medical regimen to mitigate the adverse effects of nico-
tine discontinuation. While appendectomy appears to be 
protective against UC, the chronic use of both traditional 
NSAIDs and selective COX-2 inhibitors appears to exert a 
negative effect on the onset and course of IBD. Breastfeeding 
may offer some protection from IBD and given its other ben-
efi cial attributes should be encouraged. The infl uence of 
other factors such as diet, childhood infections, socioeco-
nomic factors, psychological stress, and oral contraceptives 
is less clear, and specifi c recommendations cannot be gener-
alized at this time for our patients.     
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     Ulcerative proctitis (UP) is defi ned as disease limited to the 
rectum or the fi rst 15–20 cm from the anal verge. This is to 
be distinguished from ulcerative proctosigmoiditis, which 
involves both the rectum and sigmoid colon, or left-sided 
ulcerative colitis, which begins in the rectum and extends as 
far as the splenic fl exure. One distinguishing principal in 
ulcerative proctitis is that the rectum is intensely infl amed, 
whereas in left-sided ulcerative colitis, the rectum may 
appear relatively spared and infl ammation may be concen-
trated in the sigmoid or descending colon. The principals of 
treatment for extensive ulcerative colitis and proctitis are the 
same with the notable difference that the limited extent of 
disease in ulcerative proctitis allows for more intensive use 
of rectally administered therapy. The natural course of ulcer-
ative proctitis is unknown but does not appear to increase the 
risk for colorectal cancer [ 1 ]. 

    5-ASA Therapies 

 5-ASA therapy remains the mainstay of treatment for ulcer-
ative proctitis. Both oral and topical therapies are commonly 
employed. A meta-analysis of controlled trials indicates that 
topical mesalamine is superior to oral mesalamine in achiev-
ing clinical improvement in patients with mild to moderate 
disease [ 2 – 4 ]. 

 5-ASA suppositories are the fi rst-line treatment for both 
induction and maintenance of mild to moderate UP. 
Scintigraphic studies have demonstrated this formulation 
allows effective delivery of the drug to the rectum [ 5 ,  6 ]. 
Suppositories generally reach the upper rectum (at about 
15–20 cm). Enemas are also commonly used as alternative 
means of topical therapy; however, they are more effective 
for ulcerative proctosigmoiditis and left-sided colitis as 
the infl amed rectum physiologically moves them to the more 
proximal colon, and so they concentrate proximal to the 
infl amed segment. Although the total dose of suppositories is 
lower, a 1,000 mg suppository will deliver a higher concen-
trated dose to the rectum than a 4 g mesalamine enema. 
Patients often fi nd enemas cosmetically more diffi cult to 
administer, and the choice of topical therapy often depends 
on patient preference. 

 Mesalamine is currently the only available 5-ASA medica-
tion in suppository form. Suppositories are generally adminis-
tered in a dose of 500 mg    twice daily or as a single 1,000 mg 
suppository given at bedtime. A recent multicenter random-
ized study comparing effi cacy of BID versus nightly dosing 
showed comparable effi cacy in both inducing and maintaining 
remission [ 7 – 9 ]. Patients who achieve adequate remission are 
often able to be maintained on therapy given every other or 
every third night. Only a small percentage of patients are able 
to discontinue therapy completely, with 47–86 % relapsing 
within 1 year of discontinuing therapy [ 4 ,  7 ]. 

 Oral 5-ASA therapy is less effective at inducing or main-
taining remission in UP as compared to proctosigmoiditis or 
left-sided ulcerative colitis. The lower effi cacy of oral prepa-
rations may be due to proximal colonic stasis causing the 
medication to concentrate above the rectum [ 8 ]. Despite a 
lower response rate, oral 5-ASA therapy is commonly used 
for treatment and is benefi cial in inducing and maintaining 
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remission [ 10 ]. Oral aminosalicylates include sulfasalazine, 
olsalazine, mesalamine, and balsalazide. Dosing recommen-
dations for sulfasalazine are 4–6 g per day in divided doses 
[ 11 ], for olasalzine 250 mg to 2 g daily, and balsalazide 
750 mg up to 6.75 g daily. Multiple delayed release formula-
tions have been developed over the past 15 years with the 
goal of minimizing pill burden; these include Pentasa 
(500 mg tablets up to 4 g daily), Asacol HD (800 mg tablets 
up to 6 tablets daily), Apriso (375 mg up to 6 tablets daily), 
and Lialda (1.2 g up to 4 tablets daily (see Table  21.1 )). They 
generally exert their effects within 2–4 weeks of the onset of 
therapy [ 12 ]. Oral 5-ASA agents are generally well tolerated, 
but uncommon side effects include alopecia, nausea, and 
paradoxical diarrhea.    The occurence of nephrotoxicity is rare 
but is a known potential adverse effect [ 13 ]. It occurs most 
frequently during the fi rst year of treatment but can occur at 
later points. There does not appear to be a dose effect rela-
tionship. It is recommended that serum creatinine and a uri-
nalysis should be measured prior to initiating therapy and 
monitored yearly thereafter.

   It needs to be emphasized that patients seem to achieve 
maximum benefi t and an earlier response using a combina-
tion of oral and topical therapy, generally with an oral dose 
of 2.4–4 mg of mesalamine [ 11 ].  

    Steroids 

 Therapies with hydrocortisone enemas or foam are effective 
for inducing remission [ 2 ,  10 ,  14 ,  15 ]. Suppository foam 
reaches approximately 15–20 cm from the anal verge and 
enemas often as far as the splenic fl exure [ 2 ,  3 ,  16 – 22 ]. They 
have not been shown to be effective in maintaining remission 
[ 3 ]. Due to diffi culty retaining liquid enemas, particularly at 
times when the patient is in an acute fl air, 10 % hydrocorti-
sone foam is well recognized to be often better tolerated. 
The author’s general approach has been to use hydrocorti-
sone foam for 2 weeks nightly and then attempt converting to 
either oral, topical, or dual mesalamine. Depending on the 
severity of patient’s symptoms and time of remission, the 
foam can be alternated nightly with mesalamine for a short 

period of time also. Patient’s refractory to this should use a 
combination of oral and topical mesalamine therapy. Other 
formulations beside hydrocortisone include Prednisolone 
21-phosphate and beclomethasone dipropionate. These are 
both available as suppositories and enemas although are less 
commonly available in the USA. 

 Budesonide is a steroid which undergoes rapid fi rst pass 
hepatic metabolism resulting in less systemic absorption of 
the medication. It is used orally for the treatment of right- 
sided colonic and ileal disease for patients with Crohn’s dis-
ease. It is available in enema form. The recommended dose 
of 2 mg is not available yet in the United States but seems to 
be as effective as hydrocortisone with less systemic side 
effects [ 2 ,  16 ,  17 ]. Recently, oral Budesonide MMX gained 
regulatory approval for ulcerative colitis. 

 Rarely, systemic corticosteroids are required for the treat-
ment of UP. This should be reserved for patients who are failing 
maximal topical therapy as well as maximum dose oral mesa-
lamine. Infl amed rectal mucosa shows relatively poor absorp-
tion of oral steroid formulations. Given this fact and the 
well-known high rate of systemic side effects, oral corticoste-
roids are generally a temporizing measure to a more defi nitive 
therapy with either an immunomodulator or biologic agent.  

    Immunomodulator Therapy 

 Azathioprine (AZA) and 6-mercaptopurine (6-MP) are 
immunomodulator medications used in the treatment of both 
Crohn’s disease and ulcerative colitis. Small studies have 
shown benefi t of 6-MP for ulcerative proctosigmoiditis. 
Love et al. [ 23 ] reported improvement in 63 % of patients 
with steroid refractory disease while on doses of 25–150 mg/
day. About 1/3 of these patients developed a relapse while on 
6-MP, but remission was restored in 88 % with a short course 
of steroids and continued 6-MP use. Their primary role in 
ulcerative colitis and ulcerative proctitis is as steroid-sparing 
agents rather than as primary therapy to induce remission. It 
needs to be emphasized that no specifi c studies have shown a 
benefi cial effect of 6-MP in the use of ulcerative proctitis (as 
opposed to the studies noted above looking at ulcerative 
proctosigmoiditis). 

 Methotrexate is often used to induce remission in patients 
with Crohn’s disease or Crohn’s colitis, but no controlled 
data supports the use of methotrexate in patients with ulcer-
ative colitis.  

    Steroid and Immunomodulator Refractory 
Disease 

 Infl iximab is a chimeric anti-TNF-alpha antibody that has 
been demonstrated in large randomized placebo-controlled 
trials to be effective for the treatment of moderate to severe 
ulcerative colitis [ 24 ]. More recently, a fully human monoclonal 

   Table 21.1    5-ASA therapies   

 Medication 

 Mesalamine DR (Asacol, Asacol HD)  800 mg DR, 1–2 tabs TID 
 Mesalamine ER (Apriso, currently 
only approved for maintenance) 

 0.375 g ER, 4 tabs QAM 

 Mesalamine ER (Pentasa)  250/500 mg ER, 1,000 mg QID 
 Mesalamine DR (Lialda)  1.2 g DR, 2–4 tabs/day 
 Sulfasalazine  500 mg tabs, 1 tab QID 
 Balsalazide  750 mg tabs, 3 tabs PO TID 
 Olsalazine  250 mg, 2 tabs PO BID 
 Mesalamine enema (Rowasa, 
sulfi te-free formulation available) 

 One 4 g enema QHS 

 Mesalamine suppositories (Canasa)  1,000 mg supp PR QHS 
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antibody that binds TNF-alpha, Adalimumab, has been 
approved for induction and maintenance of remission in 
patients with moderate to severe ulcerative colitis. Infl iximab 
has not been evaluated in large studies on ulcerative proctitis 
patients: however, several small studies have shown effi cacy. 
Out of 13 patients treated with infl iximab at 5 mg/kg for 
refractory ulcerative proctitis at 6 referral centers between 
2005 and 2009, 9/13 (69 %) had a complete response, 2/13 
(15 %) had a partial response, and 2/13 (15 %) were primary 
nonresponders [ 25 ,  26 ]. This suggests a role for infl iximab for 
patient’s refractory to other agents. Adalimumab has not been 
studied specifi cally for ulcerative proctitis. Case reports have 
described the use of topically administered infl iximab for 
patient’s refractory to systemic therapy, but no controlled 
studies have been performed [ 27 ]. 

 Recent studies have looked at the use of oral tacrolimus for 
treatment of ulcerative colitis (although not specifi cally in 
ulcerative proctitis) [ 28 ]. Tacrolimus is a potent immunosup-
pressant in the FK506 family of agents often used for immuno-
suppression in the setting of organ transplant. Oral tacrolimus 
is associated with numerous side effects including hyperten-
sion, hematologic abnormalities, renal impairment, and 
increase in skin cancers. Topical tacrolimus is effective in 
numerous infl ammatory conditions, and several studies have 
showed effi cacy in ulcerative proctitis resistant to other thera-
pies. In one study, 19 patients with ulcerative proctitis were 
treated for 4 weeks with a daily 2–4 mg enema or a 2 mg sup-
pository [ 29 ]. 13/19 patients showed clinical and histologic 
improvement of disease activity after 4 weeks of treatment. 
More importantly, blood trough levels were followed and were 
too low to induce systemic immune suppression, and patients 
had minimal side effects. Cyclosporine has a similar mecha-
nism of action to tacrolimus but is not available topically and 
has not specifi cally been studied for ulcerative proctitis.  

    Other Therapies 

 Several experimental therapies have been tried for ulcerative 
proctitis although none have been approved by the FDA. In a 
case report, granulocyte, macrophage, and monocyte apher-
esis was effective, and the patient was able to be bridged to 
azathioprine [ 29 ]. Antibiotics have shown poor effi cacy in 
the treatment of ulcerative colitis generally. Nicotine enemas 
[ 30 ,  31 ] have not proven effective. Limited data on the use of 
short-chain fatty acid enemas in combination with oral 
5-ASA agents [ 32 ] have shown modest benefi ts but are not 
readily available. A small prospective study showed a mod-
estly good effect in the use of arsenic suppositories 250 mg 
twice daily for 4 weeks with minimal side effects [ 33 ]. 
Probiotics are an area of active interest for ulcerative colitis 
although no studies have shown benefi cial effects. 

 Recently regulatory approval for vedolizumab was intro-
duced in the United States for refractory ulcerative colitis 
and Crohn’s disease. Though this agent has not been for-
mally assessed in patients with ulcerative colitis limited to 
proctitis, the perception is that this agent is effective in 
patients with all disease distributions.  

    Conclusion 

 Ulcerative proctitis can be a challenging condition for both 
physicians and patients to treat. The pathophysiology of 
infl ammation confi ned to the rectum makes effective drug 
delivery a unique challenge in UP. The mainstay of treatment 
remains 5-ASA therapy (see Fig.  21.1 ). Combination ther-
apy with oral and topical treatment is most effective, fol-
lowed by topical therapy alone and lastly oral therapy alone. 

Medical Management of UP

Endoscopic/histologic confirmation of diagnosis

Mild disease

Mesalamine suppositories
1 gram qhs x 2 weeks

Mesalamine suppositories
1 gram bid x 2 weeks

Taper suppositories slowly
over 2 to 3 weeks

Taper suppositories slowly
over 2 to 3 weeks

PRN suppositories
as needed

Clinical response

Recurrent symptoms

Moderate to severe disease

Remission

Maintenance suppositories
1 gram 2-3x/ week + oral 5 ASA

Continued
symptoms
(next slide)

  Fig. 21.1    Medical management of ulcerative proctitis       
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Patients who are steroid refractory are now often managed 
with infl iximab, adalimumab, or golimumab although mul-
tiple other experimental approaches have been shown to be 
effi cacious. Vedolizumab, although not formally tested in 
patients with ulcerative proctitis, is likely effective in this 
patient population.
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  Abbreviations 

   5-ASA    5-Aminosalicylic acid   
  ACTH    Adrenocorticotropic hormone   
  BDP    Beclomethasone dipropionate   
  DAI    Disease activity index   
  IPAA    Ileal pouch-anal anastomosis   
  L-UC    Left-sided ulcerative colitis   
  POR    Pooled odds ratio   
  UC    Ulcerative colitis   

          Introduction 

 Ulcerative colitis (UC) has an incidence of 8–12/100,000 
people per year, and there are approximately 500,000 indi-
viduals in the United States affected by this condition [ 1 ,  2 ]. 
The distribution of ulcerative colitis always involves the 
rectum and spreads proximally, in a continuous manner, to 

involve a part or all of the colon. At the time of diagnosis, up 
to 80 % of patients will present with left-sided colitis (L-UC), 
defi ned as a disease distribution that does not extend proxi-
mally to the splenic fl exure [ 3 ,  4 ]. Early and aggressive inter-
vention is paramount, and this may lessen the risk of disease 
progression over time, though this has not been proven in 
studies [ 5 ]. As with ulcerative colitis in general, the goals of 
therapy for L-UC are the induction and maintenance of 
remission [ 1 ,  3 ,  6 ]. The mainstay of the treatment of L-UC is 
rectally administered topical therapy, which has been proven 
in multiple studies to rapidly induce both symptomatic 
improvement and remission. Most patients will require long- 
term maintenance therapy, and rectal 5-aminosalicylic acid 
(5-ASA) therapy has been shown to be effective in this 
regard. However, maintenance therapy may be complicated 
by compliance factors inherent in the use of long-term rec-
tally administered therapy, and patients often prefer oral for-
mulations for maintenance therapy. 

 This chapter will discuss treatment approaches to L-UC, 
not including ulcerative proctitis; the treatment of which is 
detailed elsewhere. The fi rst section will focus on the treat-
ment of active L-UC, reviewing the evidence-based data on 
topical 5-ASA, topical corticosteroids, oral 5-ASA, and oral 
corticosteroids. Data will be presented comparing each 
medication to placebo, as well as to the alternate medica-
tions. A treatment algorithm for active L-UC is presented. 
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The treatment of 5-ASA nonresponse, a challenging patient 
population, is also discussed. Subsequently, maintenance 
therapy of L-UC is discussed, again reviewing the evidence-
based data for each available medication. A table describing 
options for the maintenance therapy of L-UC is presented. 
There is some debate in the medical literature regarding the 
terminology used for rectally administered enema/suspension 
therapy. For the purpose of this review, “rectally adminis-
tered” therapy and “topical” therapy will be used 
interchangeably.  

    Treatment of Active Left-Sided 
Ulcerative Colitis 

    Topical 5-ASA Therapy 

 The most effective therapy for L-UC is topical 5-ASA, which 
is recommended as a fi rst-line agent in treatment guidelines 
both in the United States and Europe [ 1 ,  6 ]. Advantages of 
rectal therapy include direct delivery of the medication to 
the site of infl ammation, superior effi cacy, and decreased sys-
temic absorption compared to oral formulations, which may 
limit potential toxicities [ 3 ,  7 ]. Although 5-ASA topical ther-
apy has well-established effi cacy, other considerations, 
including tolerability and patient acceptance, may impact 
their usage and reduce compliance. Additionally, rectal com-
pliance is diminished in the presence of active infl ammation, 
and enema preparations may be more diffi cult to retain. 
Another limitation of enema therapy is that the most distal 
part of the rectum may remain untreated, as the majority of 
the enema is distributed in the descending and sigmoid colons 
[ 3 ]. Symptomatic improvement with rectally administered 
5-ASA products can be expected in as early as 2–4 weeks [ 8 ]. 
If there is no symptomatic improvement after this time period, 
alternative therapies should be considered.  

    Rectal 5-ASA vs. Placebo 

 Multiple studies have demonstrated the superiority of rectal 
5-ASA therapy compared to placebo, and several meta- 
analyses have supported these fi ndings [ 7 ,  9 ,  10 ]. Cohen et al. 
performed a meta-analysis to compare treatment options for 
L-UC [ 9 ]. Two trials compared 2 g 5-ASA enemas to placebo 
and found a signifi cant benefi t for the 5-ASA enemas in terms 
of both clinical improvement and clinical remission, at 2 and 
4 weeks of therapy [ 11 ,  12 ]. In the meta- analysis, enema ther-
apies had a 37–47 % advantage over placebo, depending on 
dose, at 2-, 4-, and 6-week end points. In contrast, the advan-
tages over placebo for oral 5-ASA formulations (olsalazine or 
4 g mesalamine) were only 17–25 % [ 9 ]. 

 Marshall and Irvine reported an initial meta-analysis for 
L-UC, which found topical 5-ASA to be superior for the 

treatment of active diseases, compared to placebo, for 
symptomatic improvement and remission and endoscopic 
and histologic end points [ 7 ]. Seven trials were included in 
this meta-analysis, with each of the individual studies 
showing topical 5-ASA to be signifi cantly superior to placebo 
for the induction of clinical remission. When combining the 
results in the meta-analysis, the authors reported a pooled 
odds ratio (POR) of 7.71 (4.84–12.30) for symptomatic 
remission, 6.55 (4.15–10.36) for endoscopic remission, and 
6.91 (3.82–12.50) for histologic remission, all in favor of 
topical 5-ASA. 

 The same authors reported a Cochrane systematic review 
of rectal 5-ASA therapy for the induction of remission of 
L-UC, which included ten studies comparing rectal 5-ASA 
and placebo [ 10 ]. As with the prior meta-analysis, each indi-
vidual study found topical therapy to be signifi cantly supe-
rior to placebo for all end points, including symptomatic, 
endoscopic, and histologic improvement and remission. 
When analyzing the individual data, the authors reported a 
POR for symptomatic improvement and remission of 8.87 
(5.30–14.83) and 8.30 (4.28–16.12) in favor of topical 
5-ASA therapy. Similarly, for the end points of endoscopic 
improvement and remission, PORs in favor of topical mesa-
lamine therapy were 11.18 (5.99–20.88) and 5.31 (3.15–8.92), 
respectively. Based on the results of these meta-analyses and 
the signifi cant odds ratios reported in the individual studies, 
topical 5-ASA therapy has been proven to be superior to 
placebo for the treatment of active left-sided UC.  

    Topical Corticosteroid Therapy 

 Topical corticosteroid therapy is effective for the induction 
of remission of L-UC [ 13 ]. Available formulations include a 
hydrocortisone enema (100 mg), which delivers medication 
to the level of the splenic fl exure [ 1 ]. In addition, there is 
hydrocortisone foam (10 %) available, which delivers medi-
cation to the rectosigmoid colon and can be used in patients 
with proctosigmoiditis [ 1 ]. Though not available in the 
United States, several studies have evaluated budesonide 
enemas for the treatment of L-UC. Budesonide is rapidly 
metabolized by the liver and is not associated with as many 
systemic side effects as hydrocortisone. Beclomethasone 
dipropionate (BDP) is another second-generation corticoste-
roid, with limited absorption and a high hepatic fi rst-pass 
metabolism. 

 The newer corticosteroid formulations may have effi cacy 
similar to traditional corticosteroids, such as hydrocortisone, 
but are associated with fewer side effects, due to more lim-
ited absorption. Budesonide enemas have been shown to be 
as effective as hydrocortisone enemas but are associated with 
signifi cantly fewer side effects. Three studies have compared 
the different formulations of rectal corticosteroids, most often 
comparing either budesonide or BDP to hydrocortisone, 
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with no differences being found in any of the studies 
[ 14 – 16 ]. In a meta-analysis, rectal hydrocortisone was found 
to be similar to rectal budesonide for both improvement and 
remission end points [ 17 ]. These results suggest that rapidly 
metabolized corticosteroids are as effective as conventional 
corticosteroids, as well as rectal 5-ASA formulations.  

    Rectal Corticosteroids vs. Placebo 

 Several studies have found rectal corticosteroid therapy to be 
superior to placebo for the induction of remission of 
L-UC. These studies have also been systematically reviewed 
in two meta-analyses [ 9 ,  17 ]. Signifi cant improvement in 
symptomatic, endoscopic, and histologic remission, com-
pared to placebo, has been found for hydrocortisone enemas 
as well as the second-generation corticosteroids, budesonide, 
and BDP. 

 In the Cohen et al. meta-analysis, hydrocortisone and 
budesonide enemas had an advantage over placebo of 32 % 
and 56 %, respectively [ 9 ]. Marshall and Irvine performed a 
meta-analysis of rectal corticosteroids, compared to other 
treatments of L-UC [ 17 ]. Among the pooled studies, symp-
tomatic improvement rates with rectal corticosteroids were 
73–77 %, with remission rates of 45 %. Endoscopic improve-
ment rates were 66–69 %, with endoscopic remission seen in 
31–34 % of subjects. When compared to placebo, rectal cor-
ticosteroids showed superiority, with a pooled odds ratio of 
0.21 (0.07–0.71) for symptomatic improvement and a POR 
of 0.27 (0.10–0.77) for endoscopic improvement. This trans-
lates into rectal steroids being 4–5 times more likely to lead 
to symptomatic and endoscopic improvements than placebo. 
Similar results were found when the end points were symp-
tomatic and endoscopic remission. This meta-analysis also 
included studies of BDP and budesonide enemas. 

 A study of 233 patients with L-UC and proctitis showed 
that a 2 g budesonide enema was signifi cantly more effective 
than placebo for the induction of remission (19 % vs. 4 %, 
 p  ≤ 0.05) [ 18 ]. Furthermore, 90 % of patients had normal 
adrenocorticotropic hormone (ACTH) levels at the end of the 
6-week treatment period. Lindgren et al. studied once vs. 
twice daily dosing of budesonide enemas and found no dif-
ference in remission rates at 8 weeks [ 19 ]. In addition, there 
was signifi cantly less impairment of adrenal function in the 
once-daily group (32 % vs. 4.8 %,  p  = 0.001). There was no 
increase in effi cacy with a 4 g enema compared to a 2 g 
enema, but the higher dose was associated with more cortisol 
suppression.  

    Rectal 5-ASA vs. Rectal Corticosteroids 

 Several clinical trials have found rectal 5-ASA medications 
to be superior to rectal corticosteroids for the induction of 

symptomatic, endoscopic, and histologic remission. An early 
trial of 123 patients with mild-to-moderate L-UC randomized 
patients to receive 5-ASA or prednisolone enemas [ 10 ]. 
After 2 weeks, improvement rates were similar, but remis-
sion rates were signifi cantly better in the 5-ASA group 
(51 % vs. 31 %,  p  < 0.05). 5-ASA was found to be an accept-
able alternative to rectal corticosteroids. Bianchi Porro et al. 
compared 1 g 5-ASA enemas to 100 mg hydrocortisone 
enemas, in a randomized trial of 52 patients [ 20 ]. In the 
5-ASA group, clinical, endoscopic, and histologic improve-
ment was seen in 89, 74, and 56 %, compared to 70, 56, and 
60 % in the corticosteroid group, making rectal 5-ASA a safe 
and alternative treatment for L-UC. 

 Lee et al. compared 5-ASA foam to prednisolone foam in 
295 patients with L-UC [ 21 ]. Clinical remission was achieved 
in 52 % of 5-ASA patients, compared to 31 % of predniso-
lone patients ( p  < 0.001), though there was no signifi cant dif-
ference in endoscopic or histologic remission. Finally, in a 
trial of 18 patients who had not responded to hydrocortisone 
enemas, Friedman et al. compared 5-ASA enemas to contin-
ued hydrocortisone enema therapy [ 22 ]. Clinical, endo-
scopic, and histologic improvement rates were signifi cantly 
better for the 5-ASA patients than those patients who contin-
ued hydrocortisone enemas. Patients who received hydrocor-
tisone enemas and did not respond were then switched over 
to open-label 5-ASA enemas, with four of six demonstrating 
clinical improvement. Thus, 5-ASA enemas were effective 
in patients with L-UC who did not previously responded to 
hydrocortisone enemas. 

 In addition to the traditional rectal corticosteroid formula-
tions, studies have compared the second-generation, topi-
cally active corticosteroids to mesalamine enemas for the 
treatment of active L-UC. In a study of 99 patients with 
L-UC, BDP (3 mg) enema and foam were compared to 
5-ASA (2 g) enema and foam [ 23 ]. Response rates at weeks 
4 and 8 were comparable between these medications, and 
though remission rates were numerically higher in the 
5-ASA group (52 % vs. 36 %), these did not reach statistical 
signifi cance. Gionchetti et al. compared BDP enemas (3 g 
daily) to 5-ASA enemas (1 g daily) in 217 patients, with a 
6-week end point [ 24 ]. Rates of clinical improvement and 
remission were 49 and 25 % for the 5-ASA group, compared 
to 37 and 30 % for the BDP group, which were not statisti-
cally signifi cant. Both treatments improved disease activity 
and were well tolerated, and the authors concluded equiva-
lence between the two treatments. A meta-analysis specifi -
cally pooled four trials comparing rectal BDP and 5-ASA. 
5-ASA therapy led to an improvement/remission in 69.9 % of 
patients, compared to 65.3 % for BDP ( p  = NS), suggesting 
equal effi cacy between these medications for the treatment 
of active L-UC [ 25 ]. 

 Rectal budesonide therapy has also been studied in active 
L-UC. Lemann et al., in a study of 97 patients, found a statis-
tically signifi cantly higher clinical remission rate for rectal 
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5-ASA (1 g daily) compared to a budesonide enema (2.3 mg 
daily), at a 4-week end point (60 % vs. 38 %,  p  = 0.03) [ 26 ]. 
Clinical improvement rates, as well as endoscopic and histo-
logic improvement and remission rates, were similar between 
the two groups, but the study may have been underpowered 
to prove equivalence. A smaller study of 62 patients, by 
Lamers et al., did not fi nd a difference in rates of clinical, 
endoscopic, or histologic remission between topical 5-ASA 
and budesonide [ 27 ]. These results suggest that rapidly 
metabolized corticosteroids may be as effective as conven-
tional corticosteroids, as well as rectal 5-ASA, for the treat-
ment of active L-UC. 

 An early meta-analysis, published in 1997, included 
seven trials comparing rectal corticosteroid to rectal 5-ASA 
therapy [ 17 ]. Different dosages and formulations of the med-
ications among the individual studies make comparisons 
somewhat diffi cult. There were no differences noted between 
the therapies in terms of symptomatic or endoscopic 
improvement, though histologic improvement was found to 
be superior with 5-ASA therapy. However, for the more 
stringent end points of remission, the authors found rectal 
5-ASA therapy to be superior to rectal corticosteroid therapy 
for symptomatic (POR 2.42, 1.72–3.41), endoscopic (POR 
1.89, 1.29–2.76), and histologic remissions (POR 2.03, 
1.28–3.20). 

 The Cohen et al. meta-analysis reported data on trials 
comparing rectal 5-ASA to rectal corticosteroids [ 9 ]. In their 
analysis of trials that passed their quality assessment, robust 
results comparing topical 5-ASA and corticosteroid enemas 
were not reported. When all 67 studies on the treatment of 
active diseases were reported, remission rates for topical 
5-ASA therapies were higher than those in studies of topical 
corticosteroid therapies, at both 6- and 8-week end points. 
Clinical improvement rates were similar between these ther-
apies at 2- and 4-week end points, though there was an 
advantage in one study for 5-ASA enema compared to pred-
nisolone enema at a 6-week end point. In general, the symp-
tomatic improvement and remission rates for 5-ASA enemas 
were 10–20 % higher than those for corticosteroid enemas 
and oral 5-ASA. 

 Finally, Marshall et al. updated their prior meta-analyses 
with a Cochrane systematic review, published in 2010, which 
included 11 studies comparing rectal 5-ASA and corticoste-
roids [ 10 ]. For the outcome of symptomatic improvement, 
only one of nine studies showed a statistically signifi cant dif-
ference between therapies, in favor of rectal 5-ASA. However, 
when the studies were pooled, with a total of 937 patients 
included, the authors found a POR of 1.56 (1.15–2.11) in 
favor of rectal 5-ASA therapy. Similarly, for symptomatic 
remission, only two of the six studies included showed a sig-
nifi cant difference on an individual basis, both of which were in 
favor of rectal 5-ASA. When the studies were combined, 942 
patients were included, and the POR was 1.65 (1.11–2.45) 

in favor of rectal 5-ASA therapy. There were also trends noted 
for other end points, including endoscopic and histologic 
improvement and remission, in favor of rectal 5-ASA. 

 Based on the results described above, demonstrating both 
superior effi cacy and a more favorable side-effect profi le 
compared to conventional corticosteroids, rectal 5-ASA ther-
apy should be the fi rst-line treatment of L-UC. In addition, as 
will be discussed subsequently, rectal corticosteroids are not 
effective for the maintenance of remission of distal UC, which 
makes topical mesalamine a better option for long-term treat-
ment. Rectal corticosteroids should be reserved for patients 
who do not respond to or cannot tolerate topical 5-ASA 
formulations.  

    Rectal 5-ASA vs. Oral 5-ASA 

 Few randomized trials have compared rectal 5-ASA to oral 
5-ASA formulations for the treatment of active L-UC. Kam 
et al. randomized 37 patients to receive daily 5-ASA enema 
(4 g) vs. sulfasalazine 1,000 mg, given four times daily [ 28 ]. 
At week 6, clinical global improvement scores were 
improved in 85 % of patients in the enema group compared 
to 77 % in the sulfasalazine group ( p  = 0.02). In addition, sig-
nifi cantly more patients in the sulfasalazine group experi-
enced adverse events ( p  = 0.02). There was no difference 
between the groups in the disease activity index (DAI), 
though topical 5-ASA was found to have a more rapid onset 
and improved tolerability. In this study, improvement with 
rectal therapy occurred rapidly and was noticeable within 
2 weeks. This trend has been noted in additional studies, as 
Sutherland et al. reported that cessation of rectal bleeding 
with topical 5-ASA therapy occurred in as little as 3 days 
(median 8 days), which is shorter than the time reported for 
oral 5-ASA therapies [ 8 ,  29 ]. At week 3, cessation of rectal 
bleeding was seen in 60 % of 5-ASA group, compared to 
15.1 % of placebo. 

 More recently, oral MMX mesalamine was compared 
with 5-ASA enemas in patients with L-UC [ 30 ]. At week 4, 
more patients in the topical therapy group had experienced 
clinical response (68.4 % vs. 57.5 %). However, at week 8, 
clinical response was seen in 60 % of MMX patients com-
pared to 50 % of 5-ASA enema patients (CI for difference, 
−12.0 to +32.0). There were no signifi cant differences in 
clinical response noted at either week 4 or week 8, and the 
authors concluded that the treatments were comparable. 
There was also no difference between endoscopic and histo-
logic remissions. Not surprisingly, compliance was signifi -
cantly greater in the oral MMX-mesalamine group. Similarly, 
Safdi et al. did not fi nd an effi cacy difference between topical 
and oral therapies for L-UC but did fi nd combination therapy 
to be superior, which will be discussed further in the follow-
ing section [ 31 ]. 

J.M. Swoger and M.D. Regueiro



259

 An initial meta-analysis comparing rectal and oral formu-
lations of 5-ASA was reported by Marshall and Irvine, in 
2000, with a POR for symptomatic remission and improve-
ment of 4.1 (1.4–10.9) and 6.3 (2.7–14.5), respectively, in 
favor of topical therapy [ 7 ]. This was despite only one indi-
vidual trial, which studied suppository therapy for ulcerative 
proctitis, showing a positive result [ 32 ]. A more recent update 
of this meta-analysis, which included an additional study 
showing a nonsignifi cant superiority of oral therapy, made the 
meta-analysis fi ndings nonsignifi cant (POR 2.25, 0.53–9.54) 
[ 10 ]. However, the additional study has been criticized for 
having a high dropout rate in the topical therapy group and 
using an 8-week primary end point, as opposed to the 4-week 
end point used in other studies [ 30 ]. 

 Cohen et al. also reported a meta-analysis of rectal ther-
apy for L-UC, including comparisons of rectal and oral 
5-ASA [ 9 ]. For the end point of clinical improvement, enema 
therapies were superior at the 2-week time point to oral ther-
apies at all time points studied, again demonstrating the rapid 
onset of topical therapy. In addition, compared to the oral 
5-ASA compounds, 5-ASA enemas demonstrated higher 
clinical improvement rates. In general, the symptomatic 
improvement and remission rates for 5-ASA enemas were 
10–20 % higher than those reported for the oral 5-ASA 
formulations.  

    Combination Therapy 

 As detailed above, oral or topical therapy with either 5-ASA 
formulations or corticosteroids has been found to be effec-
tive for the induction of remission in L-UC. Additional stud-
ies have examined whether combination therapies lead to 
even greater effi cacy. 

 Mulder et al. compared BDP enemas (3 mg daily) to 
5-ASA enemas (2 g daily) in 60 patients with L-UC, limited 
to the distal 20 cm of the colon [ 33 ]. One treatment arm in 
this study received a combination enema, containing both 
medications. At a 4-week end point, there was no difference 
in clinical improvement scores between the monotherapy 
groups. However, the group receiving combination therapy 
was found to have signifi cantly higher clinical improvement 
scores compared to either monotherapy group. The clinical 
and endoscopic improvement rates in the combination ther-
apy group were 100 %, compared to 70–75 % in the rectal 
5-ASA and corticosteroid monotherapy groups. For all end 
points, including clinical, endoscopic, and histologic improve-
ment, combination therapy was statistically signifi cantly 
better than either monotherapy alone. 

 Safdi et al., in a study of 60 patients with L-UC, found the 
combination of oral and topical therapy to be superior to 
either therapy alone, for both disease activity improvement 
and cessation of rectal bleeding [ 31 ]. Patients received 4 g 

5-ASA enemas daily, along with at least 2.4 g of oral 5-ASA 
daily. Cessation of rectal bleeding occurred in 89 % of the 
combination therapy group, compared to 69 % in rectal ther-
apy group and 46 % in oral monotherapy group. The average 
time to cessation of rectal bleeding was 11.9 days in the 
combination therapy group, compared to approximately 
25 days in either monotherapy group. Each monotherapy 
group achieved similar reductions in the DAI, but combina-
tion therapy was found to achieve a superior reduction. 

 Studies in patients with more extensive UC (proximal to 
the splenic fl exure) have also shown combination oral and 
topical 5-ASA therapy to be superior to either treatment 
alone. Marteau et al. compared oral 5-ASA (4 g divided 
twice daily) plus placebo to oral 5-ASA plus a 5-ASA enema 
(1 g daily) [ 34 ]. Remission rates were similar at 4 weeks 
among the groups, achieved in 34 % of the monotherapy 
group and 44 % of the combination therapy group ( p  = 0.31). 
However, at 8 weeks, 64 % of the combination group 
achieved remission compared to 43 % of the monotherapy 
group ( p  = 0.0008). Additionally, symptomatic improvement 
end points at weeks 4 and 8 were superior in the combination 
therapy group, with differences in response rates at each time 
point of 18–27 %. Finally, Rizzello et al. randomized 119 
patients with either extensive or L-UC to receive oral 5-ASA 
alone or oral 5-ASA in addition to oral BDP [ 35 ]. At the 
4-week end point, combination therapy was associated with 
signifi cantly higher rates of remission and signifi cantly lower 
DAI scores. 

 Thus, combination therapy with rectal 5-ASA and corti-
costeroids, or with oral and rectal 5-ASA, is more effective 
than monotherapy regimens and should be considered in 
patients who do not respond to either 5-ASA rectal or oral 
monotherapy.  

    Rectal 5-ASA Dosing 

 Multiple studies of 5-ASA enemas for left-sided UC have 
used different medication doses making trials somewhat dif-
fi cult to compare. Campieri et al. compared different doses of 
5-ASA enemas to evaluate for a possible dose–response effect. 
No difference was found between enemas containing 1, 2, or 
4 g of mesalamine daily [ 11 ]. These results were confi rmed in 
both a larger study, of 287 patients, by Hanauer et al. and a 
meta-analysis that found 1 g-daily enemas to be as effective as 
4 g-daily enemas for the induction of remission [ 9 ,  36 ]. These 
studies suggest that response to rectal 5-ASA therapy is more 
dependent on the duration of therapy than on dosage for the 
induction of remission. One hypothesis to explain the superi-
ority of combination therapy suggests that this approach may 
lead to a more homogeneous drug distribution, suggesting 
that geographic coverage, not dose, may be the most signifi cant 
factor in gaining response [ 10 ].  
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    Rectal 5-ASA Formulations 

 Several studies have evaluated alternative delivery methods 
for rectal therapies, including liquid enemas, foams, and gels. 
As of the writing of this chapter, in the United States, 5-ASA 
is available only in a 4 g liquid enema form, and corticoste-
roids are available in both enema and foam formulations. 
Gionchetti et al. compared 5-ASA gel and foam enemas in 
103 patients with L-UC [ 37 ]. At 4 weeks, clinical, endo-
scopic, and histologic remission rates were similar between 
the groups, and DAI scores showed signifi cant improvements 
in both groups. While there was no difference in effi cacy or 
safety between the groups, the gel enema was better tolerated. 
In a study of 375 patients with L-UC, comparing 5-ASA 
foam and liquid enemas, clinical remission rates again were 
similar, and the trial showed the non- inferiority of the foam 
preparation at 2 and 4 weeks [ 38 ]. Finally, Malchow et al. 
compared 5-ASA foam and liquid enemas, fi nding no differ-
ence in effi cacy, though quality of life scores were higher in 
the foam group [ 39 ]. 

 In summary, multiple studies have found similar results 
when comparing different rectal 5-ASA formulations, in that 
they seem to have equivalent effi cacy [ 40 ]. However, in gen-
eral, foam preparations are preferred compared to liquid ene-
mas, even if they contain a larger volume of medication [ 10 ].  

    Oral 5-ASA Therapy 

 The different oral 5-ASA preparations have been shown to 
be effective in the treatment of ulcerative colitis, though few 
studies have specifi cally focused on patients with L-UC 
[ 1 ,  6 ]. These agents can be used for patients who either do 
not tolerate or do not respond to topical therapy. 

 Though effi cacious, sulfasalazine is often associated with 
side effects, including headache, nausea, and rash, thus mak-
ing non-sulfa-based 5-ASA preparations preferred [ 1 ]. The 
newer 5-ASA formulations are effective in 50–75 % of 
patients, are better tolerated, and do not have dose-related 
side effects [ 1 ,  13 ,  14 ]. Oral mesalamine (2.4–4.8 g daily) and 
balsalazide (6.75 g) are effective therapies for mild-to- 
moderate L-UC [ 1 ,  6 ]. One study suggested that, in patients 
with active L-UC, more patients experienced remission at 
4 weeks with balsalazide compared to mesalamine [ 3 ]. 
However, in general, it is thought that all oral 5-ASA medica-
tions are equally effective in the treatment of L-UC, with cost 
and compliance issues often directing therapy with specifi c 
medications [ 41 ,  42 ]. Some studies have suggested an 
improved effi cacy with a 4.8 g compared to a 2.4 g daily dose 
in patients with moderately active UC, though other studies 
have not been able to demonstrate a signifi cant dose–response 
relationship [ 43 ,  44 ]. In patients who are refractory to initial 
oral 5-ASA therapy, rectal therapy should be introduced, as 
this may lead to improved effi cacy.  

    Oral Nonabsorbed Corticosteroids 

 Finally, a colonic release form of oral budesonide (MMX) 
has recently been studied in active left-sided UC [ 45 ]. 
Budesonide MMX demonstrated a signifi cant reduction in 
the colitis activity index, while placebo did not. Improvement 
was rapid (50 % at 4 weeks), and there were no effects on 
cortisol levels or the pituitary-adrenal axis.  

    5-ASA Nonresponse 

 For patients who do not respond to either topical or oral 
5-ASA, topical corticosteroids, or a combination therapy 
regimen, the treatment of L-UC parallels that of moderate-
to- severe extensive colitis, which is discussed in more detail 
elsewhere. No studies involving the additional medication 
classes, including oral corticosteroids, immunomodulators 
(azathioprine or 6-mercaptopurine), or infl iximab, have spe-
cifi cally evaluated patients with L-UC. These patients may 
be among the most diffi cult to treat, as evidence-based treat-
ment recommendations in this specifi c patient population are 
lacking. It is the authors’ opinion that the use of immuno-
modulators and/or biologic agents is warranted, and, in non-
responders, surgery is indicated. 

 Prior to labeling a patient as a treatment failure and esca-
lating to more aggressive therapy, alternative explanations for 
the lack of response should be sought. Alternate  diagnoses 
that may explain refractory disease include infection, medica-
tion effects (nonsteroidal anti-infl ammatory drugs and antibi-
otics), medication noncompliance, irritable bowel syndrome, 
Crohn’s disease, and, rarely, malignancy [ 46 ]. Common 
infections that should be excluded include  Clostridium diffi -
cile ,  Salmonella ,  Shigella ,  Campylobacter jejuni , cytomega-
lovirus, and parasitic infections. 

 A minority of patients may experience a worsening of 
their colitis symptoms when mesalamine medications are 
initiated, due to a hypersensitivity to this class of medica-
tions. 5-ASA hypersensitivity is indistinguishable from a 
fl are of acute colitis, almost always recurs with rechallenge, 
and patients experience rapid improvement with cessation of 
the offending medication [ 46 ]. 

 Oral corticosteroids (40–60 mg/day prednisone) should be 
initiated in patients who do not respond to the above therapies 
or those with severe L-UC [ 1 ,  6 ]. Oral corticosteroid therapy 
is a well-established treatment for active UC and is effective 
in up to 75 % of patients. Prednisone therapy is usually initi-
ated at a dose of 40 mg/day, which is continued for 
1–2 weeks, or until symptomatic improvement is noted. This 
medication is generally tapered by a dose of 5–10 mg every 
1–2 weeks, with more rapid reductions in dosage having been 
associated with earlier relapse [ 6 ]. During a course of oral cor-
ticosteroid therapy, oral and rectal 5-ASA medications may be 
continued, with the aim of maintaining long- term remission 
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with these medications. If patients do not respond to a course 
of oral corticosteroids, intravenous corticosteroids are 
indicated [ 1 ,  6 ]. If patients require inpatient admission for 
intravenous corticosteroid therapy, 5-ASA products may be 
discontinued in order to avoid any possible contribution of 
5-ASA hypersensitivity to the refractory symptoms. 

 For nonresponders to 3–5 days of intravenous corticoste-
roid therapy, cyclosporine and infl iximab have been found to 
be effective treatments [ 47 – 49 ]. However, long-term usage 
of cyclosporine is limited by signifi cant drug toxicities, and 
cyclosporine is often used as a bridge to an alternate mainte-
nance therapy, such as azathioprine or 6-mercaptopurine. No 
studies have evaluated the effi cacy of cyclosporine specifi -
cally in patients with L-UC. More recently, multiple con-
trolled and uncontrolled studies have demonstrated the 
effectiveness of infl iximab in patients with moderate-to- 
severe UC, and up to 56 % of the patients in these trials had 
L-UC [ 50 – 53 ]. However, in one of the larger randomized 
controlled trials of infl iximab for UC, the rate of steroid-free 
remission at week 30 was only 21 % [ 50 ]. Infl iximab is a 
treatment option in patients with steroid-refractory L-UC 
and can be continued as a maintenance therapy should 
patients experience clinical improvement, though long-term 
data in UC is sparse. 

 Laharie et al. compared cyclosporine to infl iximab in 
patients with severe acute UC, refractory to 5 days of IV cor-
ticosteroids. Neither response rates, colectomy rates (day 
98), nor adverse events signifi cantly differed among patients 
receiving cyclosporine or infl iximab rescue therapy. 
However, the a priori assumptions of the trial were for a 
60 % failure rate in the infl iximab group and a 30 % failure 
rate in the cyclosporine group, which may have affected 
study power [ 54 ]. 

 Patients with severe disease, unresponsive to intravenous 
steroids, cyclosporine, or infl iximab, should be considered 

for total proctocolectomy with ileal pouch-anal anastomosis 
(IPAA). Surgery for L-UC is less common than that for 
patients with extensive UC, with approximately 10–35 % of 
colectomies being performed in patients with L-UC [ 55 ]. 
Again, the treatment of severe colitis, as well as alternate 
medications (immunomodulators, cyclosporine, biologics), 
is discussed in more detail elsewhere. 

 Key points highlighting the evidence-based data for the 
treatment of active L-UC discussed above are detailed in 
Table  22.1 .

       Treatment Recommendations for Active 
Left-Sided UC (Fig.  22.1 ) 

    Based on multiple clinical trials, as well as several meta- 
analyses, rectal 5-ASA should be the fi rst-line therapy for 
L-UC. Enemas should be administered on a daily basis, in 
doses of 1–4 g. If patients achieve adequate clinical response, 

   Table 22.1    Key points: treatment of active left-sided ulcerative 
colitis   

 • Rectally administered 5-ASA is the most effective therapy for 
active L-UC and can be continued as a maintenance therapy 

 • Topical corticosteroids are more effective than placebo for active 
L-UC but inferior to topical 5-ASA 

 • Newer topical corticosteroids (BDP, budesonide) are as effective as 
hydrocortisone, with fewer systemic side effects 

 • Rectal 5-ASA therapy is likely superior to oral 5-ASA therapy for 
active L-UC 

 • Combination rectal and oral 5-ASA therapy is superior to either 
agent alone 

 • A dose–response relationship has not been found with 5-ASA 
enema therapy 

 • 5-ASA nonresponders require oral corticosteroid therapy and are 
subsequently treated similarly to patients with severe extensive UC 

  Fig. 22.1       Treatment 
recommendations for active 
left-sided ulcerative colitis. 
 NR  nonresponse       
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enemas may be continued for maintenance therapy, which 
will be discussed in the following sections. If patients do not 
demonstrate clinical improvement with rectal 5-ASA therapy, 
an oral 5-ASA medication may be added, in a dose of 2.4–
4.8 g daily. In addition, switching to hydrocortisone enemas, 
at a dose of 100 mg daily, may be considered in rectal 5-ASA 
nonresponders after 2–4 weeks of therapy. If patients have a 
worsening of symptoms upon initiation of rectal 5-ASA ther-
apy, these medications should be discontinued and cortico-
steroid enemas initiated. 

 In patients who do not respond to monotherapy with a 
rectal 5-ASA or corticosteroid, or an oral 5-ASA, combina-
tion therapy with an oral and rectal 5-ASA may lead to 
improved outcomes. However, patients who remain refrac-
tory to 5-ASA therapy and/or rectal corticosteroids should 
receive systemic corticosteroids. As detailed above, steroid- 
refractory disease warrants hospital admission for further 

evaluation with stool studies, endoscopy with biopsies, and 
intravenous corticosteroid therapy (Fig.  22.2 ). Further ther-
apy of severe L-UC parallels that of severe extensive UC.

        Maintenance Therapy for Left-Sided 
Ulcerative Colitis 

 In general, patients with ulcerative colitis, including L-UC, 
require long-term maintenance therapy following the induc-
tion of remission. All patients with L-UC are at risk for dis-
ease relapse. In addition to decreasing the risk of symptomatic 
relapse, maintenance therapy may also decrease the likeli-
hood of proximal disease progression (though this has not 
been proven in an evidence-based fashion), as well as the 
development of colorectal cancer [ 5 ]. The lowest effective 
dose of the medication that induced remission is generally 

  Fig. 22.2    Steroid-refractory disease warrants hospital admission for 
further evaluation with stool studies, endoscopy with biopsies, 
and intravenous corticosteroid therapy.  NR  nonresponse,  NSAIDs  

nonsteroidal anti-infl ammatory drugs,  mg  milligrams,  IM  immuno-
modulation (azathioprine/6- MP),  IV  intravenous,  IPAA  ileal pouch-anal 
anastomosis       
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continued as a maintenance therapy, excluding corticosteroids, 
which are not effective medications for the maintenance of 
remission [ 1 ]. 

    5-ASA Therapy 

 Both topical and oral 5-ASA medications have been shown to 
be effective for the maintenance of remission of L-UC [ 1 ,  6 ]. 
Often, topical 5-ASA therapy can be tapered during mainte-
nance therapy. Studies have found that mesalamine enemas 
can maintain remission if used on an every other    day or every 
third day schedule [ 1 ]. In a meta-analysis, 5-ASA enemas 
(4 g) had maintenance of remission rates of 78 %, slightly 
decreasing to 72 % for every other night dosing, and 65 % for 
every third night dosing, with no statistical difference being 
found between dosing intervals [ 9 ,  13 ]. The main diffi culty 
with this approach is patient acceptance of long- term rectally 
administered therapy. In addition, topical 5-ASA at a dose of 
as low as 1 g daily has been shown to be effective as a main-
tenance therapy [ 6 ]. Additional studies have demonstrated 
1-year remission rates of 52–92 %, with no differences being 
found between 2 and 4 g doses of rectal 5-ASA, which paral-
lels fi ndings from the induction studies [ 40 ]. 

 In general, a dose of 2.4 g/day of oral 5-ASA has been 
shown to be effective for maintenance therapy. Maintenance 
rates ranged from 60 to 92 % for the various oral formula-
tions, with no apparent dose response [ 9 ]. However, if patients 
require corticosteroids or higher doses of 5-ASA to induce 
remission, it is the authors’ opinion that they may benefi t 
from higher maintenance doses. If patients required combina-
tion therapy to induce remission, both medications should be 
continued during the maintenance phase. 

 Finally, studies have compared rectal and oral 5-ASA for-
mulations for the maintenance of remission of 
L-UC. Mantzaris et al. compared every third night 5-ASA 
enemas to 1.5 g/day oral 5-ASA (thrice daily divided dosing) 
[ 56 ]. At 2 years, remission was maintained in 75 % of the 
patients in the enema group, compared to only 32 % of the 
oral 5-ASA group ( p  < 0.001). Topical 5-ASA maintenance 
therapy was found to be more effi cacious than oral 5-ASA 
therapy, up to a 24-month end point, in a meta-analysis [ 7 ]. 
This meta-analysis included 3 studies comparing rectal and 
oral 5-ASA for the maintenance of remission of L-UC, with 
durations of therapy from 6 to 24 months. The POR for 
the maintenance of remission was 2.3 (1.1–4.8) in favor of 
topical therapy. 

 Finally, combination maintenance therapy utilizing rectal 
and oral 5-ASA formulations has been evaluated. D’Albasio 
et al. randomized 60 patients to receive either 4 g 5-ASA 
enema for the first 7 days each month or sulfasalazine 
(2 g daily) [ 57 ]. At a 2-year end point, there was no difference 
in relapse rate between the two groups. The same authors 

then randomized 72 patients to receive 1.6 g daily oral 
5-ASA combined with twice weekly 5-ASA enemas (4 g) or 
oral 5-ASA plus a placebo enema [ 58 ]. The 1-year relapse 
rate in the combination therapy group was signifi cantly less 
than in the monotherapy group (39 % vs. 69 %,  p  < 0.036). 

 For the maintenance of remission of L-UC, rectal 5-ASA 
therapy is superior to placebo and at least as effi cacious as oral 
5-ASA. In addition, oral and rectal combination maintenance 
therapy may be superior to either therapy alone.  

    Corticosteroid Therapy 

 Multiple studies have shown corticosteroids to be an ineffec-
tive maintenance therapy for the maintenance of remission of 
UC [ 1 ,  6 ,  13 ]. In addition, these medications are associated 
with multiple well-described side effects, including hospital-
ization and mortality [ 59 ]. A randomized trial of oral cortico-
steroid maintenance therapy compared to placebo, for a 
treatment duration of 6 months, did not fi nd any difference in 
remission rates, with approximately 40 % of each group 
being in remission [ 60 ]. Lindgren et al.’s study of different 
dosages of budesonide enemas included a maintenance phase 
to determine relapse rates [ 19 ]. By week 24, 40–50 % of 
patients in the corticosteroid enema group had experienced 
disease relapse, depending on dosing strategy. Clinical 
guidelines recommend against the use of corticosteroids for 
maintenance therapy in patients with UC, and the use of 
these medications should be limited due to their signifi cant 
side effects and lack of effi cacy [ 1 ,  6 ,  46 ].  

    5-ASA Nonresponse 

 For patients who cannot maintain remission with 5-ASA 
medications alone, either topical or oral, or who have 
corticosteroid- dependent disease, treatment should be esca-
lated to an immunomodulator or biologic agent [ 1 ,  13 ]. As 
discussed above, corticosteroids are not effective for the main-
tenance of remission, and steroid-sparing medications are 
indicated for patients with moderate-to-severe disease that 
requires systemic corticosteroids to achieve remission. 

 Though there is not extensive data to support the effec-
tiveness of immunomodulators for the treatment of active 
UC, these medications may be effective steroid-sparing 
maintenance medications [ 13 ,  61 ,  62 ]. Thiopurine therapy 
has been found to be superior to placebo in the maintenance 
of remission of UC, though there have been no comparative 
studies specifi cally evaluating these medications specifi cally 
in patients with L-UC [ 55 ,  62 ]. Studies have demonstrated 
the maintenance of remission rates for immunomodulators 
of approximately 65 % over 1 year, for UC [ 13 ]. In steroid- 
dependent UC patients, azathioprine was found to lead to 
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higher rates of clinical and endoscopic remissions, as well as 
steroid cessation, compared to patients randomized to receive 
oral 5-ASA. However, at least four double-blind, random-
ized, placebo-controlled studies did not demonstrate benefi t 
of azathioprine therapy compared to placebo in patients with 
steroid-dependent UC [ 13 ]. Finally, infl iximab can be used 
for the maintenance of remission of L-UC, though there are 
few studies with follow-up past 52 weeks [ 1 ]. However, 
some guidelines do not recommend infl iximab maintenance 
therapy for UC due to low corticosteroid-free remission rates 
after 1 year [ 6 ].  

    Treatment Recommendations 
for the Maintenance of Remission 
of Left-Sided UC (Table  22.2 ) 

    Treatment options for the maintenance of remission of L-UC 
depend on the medication that was able to successfully 
induce remission. If remission was induced by a rectal or 
oral 5-ASA, these medications can be continued indefi nitely, 
either as monotherapy or in combination. If compliance with 
rectal therapy is problematic, enema dosing for maintenance 
therapy can be recommended on an every other or every third 
night schedule. If topical corticosteroids were used to induce 
remission, therapy should be switched to a rectal and/or oral 
5-ASA. If patients experience disease relapse on 5-ASA 
maintenance therapy, they should be treated as recommended 
in the induction of remission algorithm (Fig.  22.1 ). With dis-
ease relapse, special attention should be given to assessing 
for alternative causes of symptoms, including infection, non-
compliance, etc. 

 Patients who require either oral or especially intravenous 
corticosteroids to achieve remission often require immuno-
modulator or biologic agents in order to maintain remission. 
However, it is worthwhile attempting treatment with maxi-
mum 5-ASA therapy prior to escalating therapy to an immu-
nomodulator. In these cases, oral 5-ASA should be given in a 
dose of 4.8 g daily, and patients should also receive concomi-
tant topical 5-ASA therapy. If patients relapse following an 
attempt at 5-ASA therapy and require an additional oral 
corticosteroid course, immunomodulators should be initi-
ated and continued long term. Further treatment recommen-
dations in these cases parallel those for extensive UC.   

    Conclusions 

 Treatment strategies for L-UC differ from those for more 
extensive UC, in that topical therapies are able to deliver 
medication directly to the site of infl ammation. Multiple 
studies have found rectal 5-ASA formulations to be superior 
to conventional corticosteroid enemas for the induction of 
remission. Additionally, rectal 5-ASA is more effective than 
oral 5-ASA, making rectal 5-ASA formulations the fi rst-line 
treatment for patients with L-UC. These medications have 
also demonstrated effi cacy in the maintenance of remission 
of L-UC. 

 While rectal corticosteroids can be considered in 5-ASA 
treatment failures, they are not effective for the maintenance 
of remission of L-UC. Oral 5-ASA may be more accepted by 
patients than rectal therapies, due to ease of administration, 
and has been found to be effective for both the induction and 
maintenance of remission in L-UC. Several studies have sug-
gested that a combination therapy strategy, utilizing both 
 rectal and oral 5-ASA, is more effective than monotherapy 
with either formulation [ 4 ,  31 ,  58 ]. 

 The treatment of L-UC in patients who do not respond to 
either oral or rectal 5-ASA therapy or rectal steroids mirrors that 
of more extensive UC. Patients may require oral or intravenous 
corticosteroids to induce remission. Options for steroid- 
refractory patients include intravenous cyclosporine, infl iximab, 
or surgery. If remission is achieved, immunomodulators or inf-
liximab may be utilized for the maintenance of steroid-free 
remission. However, no studies have specifi cally evaluated 
these medications in patients with L-UC, and recommendations 
are based on the treatment guidelines for extensive UC.     
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        Defi nitions and Assessing Severity 

 Severe ulcerative colitis (UC) was fi rst defi ned by Truelove 
and Witts in 1955 using six simple criteria without any 
requirement for a sigmoidoscopic examination—six or more 
stools per day with one of the following: large amounts of 
blood, fever >37.8 °C, tachycardia >90, ESR > 30 mm/h, and 
hemoglobin <10.5 g/dl. These criteria are easily measured 
and have stood the test of time over half a century [ 1 ]. The 
Mayo Clinic Index (with slight variations also known as the 
Sutherland Index or the UC Disease Activity Index) has 
become a frequently used scoring index in clinical trials and 
includes sigmoidoscopic appearance and the physician’s 
global assessment. Another score known as the Modifi ed 
Truelove-Witts Scoring Index, or the Lichtiger score, has 
been used most frequently in patients with intravenous (IV) 
corticosteroid-refractory UC. The Lichtiger score includes 
assessments for nocturnal bowel movements, incontinence, 
abdominal pain, cramping and tenderness, and the overall 
sense of “well-being.” While all of these scores list the 
salient features defi ning disease activity, the term “severe 

ulcerative colitis” as used in this chapter will refer to those 
patients with ongoing frequent bloody diarrhea with sys-
temic signs and/or symptoms that signifi cantly limit the 
patient’s quality of life and who fail to improve with maximal 
outpatient therapies and require hospitalization for further 
management. 

 Toxic megacolon refers to patients with dilation of the 
colon of >6 cm diameter associated with severe systemic 
toxicity. It is important to recognize that patients may present 
with toxicity without colonic dilation and are still at graver 
risk than patients with severe colitis without toxicity. 
Fulminant colitis is defi ned as any colitis that, in addition to 
the features of severe colitis, becomes rapidly worse, usually 
manifesting as severe abdominal pain and continuous bleed-
ing requiring multiple transfusions. Medical therapy is 
 inappropriate in fulminant colitis, and colectomy is the only 
suitable treatment.  

    Management: Investigations and Monitoring 

 The immediate goals of therapy are to reduce the signs and 
symptoms of the severe acute attack, allow the taper of corti-
costeroids, and initiate a strategy to achieve a long-term 
corticosteroid- free remission. The primary goal is  not  the 
avoidance of surgery. This is important to emphasize that the 
mortality from severe UC reduced dramatically from 24 to 
7 % with the introduction of IV corticosteroids in the 1960s. 
Now the mortality in most units should be <1 %, and this 
reduction over the last 50 years is almost exclusively due to 
timely and expert surgical input. Close collaboration with a 
surgeon is therefore essential. 
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 A sigmoidoscopy is done to assess disease severity and 
obtain biopsies to exclude a superimposed etiology, e.g., 
infection with  Clostridium diffi cile  ( C. diffi cile ) and cytomeg-
alovirus (CMV). A full colonoscopy incurs the risk of perfo-
ration in these patients, so an unprepped sigmoidoscopy with 
minimal air insuffl ation is suffi cient and yields the informa-
tion required at that moment in time to correctly manage 
the patient. 

 The incidence of  C. diffi cile  in hospitalized patients with 
UC is rising dramatically and results in increased length of 
stay and morbidity and mortality [ 2 ]. The diagnosis is chal-
lenging because patients with severe UC may not have the 
usual risk factors of antibiotic exposure or recent hospitaliza-
tion, pseudomembranes are generally not seen at sigmoidos-
copy, and if stool toxin assays are relied upon, multiple stool 
specimens may be necessary before the infection is confi rmed .  
The use of a polymerase chain reaction test for  C. diffi cile  
signifi cantly reduces false-negative results [ 3 ]. 

 CMV superinfection may occur in severe colitis and should 
be considered in the patient who is not responding to maximal 
immunosuppressive therapy. The diagnosis can be confi rmed 
with sigmoidoscopic biopsy and viral culture; treatment with 
ganciclovir may lead to clinical improvement. Evidence of 
CMV disease can be found in 30 % of cases of severe colitis 
and its exact role continues to be debated [ 4 ]. However, in the 
patient with fulminant colitis with continuing deterioration, 
colectomy should not be deferred while awaiting a possible 
response to treatment for CMV infection. 

 A plain abdominal fi lm should be performed on admis-
sion. Not only will this detect a megacolon but also more 
subtle radiographic fi ndings of increased small intestinal gas, 
which predicts a greater likelihood of failure of medical ther-
apy [ 5 ]. Any complaints of increasing abdominal pain or dis-
tention, especially in a febrile patient, should prompt a CT 
scan of the abdomen and pelvis to detect subtle signs of 
colonic perforation, which may be fi rst seen as air within the 
wall of the colon. The presence of these fi ndings should be 
followed by emergent subtotal colectomy. In general, medi-
cations with anticholinergic or narcotic properties should be 
avoided because of the theoretical risk of reducing bowel 
tone and worsening colonic dilatation.  

    Corticosteroids 

 IV corticosteroids have been the mainstay of treatment for 
acute severe colitis for over 50 years [ 1 ]. Patients are treated 
with IV hydrocortisone 100 mg three times daily or an equiv-
alent dose of an alternative IV corticosteroid. There is no ben-
efi t to treatment with a higher daily dose of corticosteroids, 
which exposes the patient to a higher risk of side effects without 
increased rate of success. There is no benefi t to continuous IV 
corticosteroid infusion compared to bolus dosing three 

times daily. Historically, almost half of patients with severe 
colitis did not respond to high-dose IV corticosteroids and 
required colectomy [ 6 ]. The colectomy rate for severe UC has 
remained consistent over the last 40 years [ 7 ]. 

 More recently, it has been recognized that by day 3 of IV 
corticosteroids, there is a high rate of colectomy in those 
patients with continued bleeding and greater than six bowel 
movements daily, elevated CRP, or fevers [ 8 ,  9 ]. These 
patients, as well as patients who are not decisively improved 
by days 5–7, should be offered IV cyclosporine, infl iximab, 
or surgery.  

    Cyclosporine 

 IV cyclosporine is effective therapy in severe colitis. Multiple 
series have replicated the 80 % immediate response rate in 
hospitalized patients failing IV corticosteroids fi rst demon-
strated by Lichtiger et al. [ 10 ]. Van Assche and colleagues 
found no difference in effi cacy when they compared IV 
cyclosporine 2–4 mg/kg [ 11 ]. It is thought that cyclosporine 
levels of approximately 200–400 μg/ml are therapeutic dur-
ing the IV phase. The median time to response is 4 days [ 12 ], 
and predictive factors for failure to respond to cyclosporine 
include persistent fevers, tachycardia, elevated CRP, hypoal-
buminemia, and deep colonic ulcerations [ 13 ]. 

 Cyclosporine should only be used by clinicians experi-
enced with its use and who have access to drug level monitor-
ing. Contraindications to its use include active infection, 
uncontrolled hypertension, renal impairment, and unreliable 
patients since frequent physician visits are required following 
discharge from hospital. More common but less severe side 
effects include paresthesias, hypertension, hypertrichosis, 
headache, abnormal liver function tests, hyperkalemia, and 
gingival hyperplasia [ 14 ]. Renal function must be  monitored 
closely and serum cholesterol and magnesium should be 
checked. Low levels of either increase the risk of neurotoxic-
ity, including seizures. Patients with low levels of cholesterol 
(cholesterol < 120 mg/dl or 3 mmol/l) should be started on 
lower doses of cyclosporine (or avoid cyclosporine and use 
infl iximab instead, see below), and cholesterol and cyclospo-
rine levels should be monitored daily. 

 During intervals of triple immunosuppression with cor-
ticosteroids, cyclosporine, and thiopurine, we give patients 
prophylaxis against  Pneumocystis jiroveci  ( carinii ) with 
trimethoprim/sulfamethoxazole 960 mg daily. Serious 
infections during the IV cyclosporine phase may be due to 
the concomitant use of corticosteroids rather than the serum 
level of cyclosporine. 

 For transitioning to oral cyclosporine before hospital 
discharge, the IV dose the patient was receiving at the end of 
the IV phase is doubled and is given in two divided doses 
daily and generally aiming for trough oral cyclosporine 
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levels of 100–250 μg/ml. In addition, treatment with a 
thiopurine (6-mercaptopurine or azathioprine) is continued 
or initiated, and the patient is started on a weekly corticoste-
roid taper. Failure to taper the prednisone and cyclosporine 
by 3–6 months is considered a failure. Patients who have 
already been treated unsuccessfully with an adequate 
course of a thiopurine prior to cyclosporine are less likely 
to maintain a long-term remission after the discontinuation 
of cyclosporine.  

    6-Mercaptopurine/Azathioprine 

 Multiple open-label series have demonstrated long-term 
success with initiating thiopurine therapy during the oral 
cyclosporine phase in those patients not previously exposed 
to thiopurines. However, the long-term success rate is lower 
in those patients who have previously failed adequate courses 
of thiopurine therapy [ 15 ,  16 ]. In the largest series to date, 
83 % of 142 patients had an initial response to cyclosporine 
and avoided colectomy during hospitalization [ 16 ]. Of the 
118 patients who responded, 41 (35 %) required a future 
colectomy. The rate of colectomy in those already taking aza-
thioprine compared with those not previously exposed to 
azathioprine was 59 % vs. 31 %, respectively. Life-table anal-
ysis demonstrated that although only 33 % of patients required 
colectomy at 1 year, 88 % required colectomy at 7 years. 

 For patients who have a complete remission in response to 
cyclosporine and then have a relapse months or years later, a 
second course of IV cyclosporine followed by oral cyclospo-
rine may be a successful strategy. In 32 patients who fl ared a 
mean of 24 months after their initial cyclosporine- induced 
remission, 44 % avoided colectomy at 3 years after the 
second course of cyclosporine [ 17 ]. Predictors of higher rate 
of colectomy in these patients were hypoalbuminemia and 
the presence of  C. diffi cile.   

    Infl iximab 

 There are limited controlled trial data regarding the role of 
infl iximab in patients with severe UC refractory to IV corti-
costeroids. In one double-blind series, 45 patients who were 
naïve to infl iximab and refractory to IV corticosteroids, with 
either fulminant colitis at day 3 or severe colitis at days 6–8, 
were randomized to either a single dose of infl iximab 5 mg/kg 
or placebo [ 18 ]. At day 90, 29 % of infl iximab-treated 
patients with predefi ned  severe  colitis had undergone colec-
tomy vs. 67 % of placebo-treated patients. In patients with 
 fulminant  colitis, 47 % of infl iximab-treated patients under-
went colectomy, compared to 69 % of placebo-treated 
patients. Long-term follow-up of these patients suggested a 
continued benefi t from a single infusion of infl iximab even 

after 3 years [ 19 ] with lower colectomy rates in infl iximab 
compared to placebo-treated patients (50 % and 76 %, 
respectively). However, most of the benefi t of infl iximab 
occurred in the fi rst 3 months. In fact, fi ve patients in the 
infl iximab group required colectomy during the long-term 
follow-up period (i.e., after 3 months and before 3 years) 
compared to only two in the placebo group. It is possible that 
a single dose of infl iximab may have simply delayed colec-
tomy in the treated patients, leading to more infl iximab- 
treated patients requiring colectomy later on. However, 
infl iximab is rarely given as a single infusion, more com-
monly being given as three induction doses at 0, 2, and 6 
weeks. A retrospective series of severe colitic patients treated 
with infl iximab reported a 50 % colectomy rate at 5 years 
[ 20 ]. Forty percent of patients in this series had more than 
one infusion. The true long-term benefi t of infl iximab is 
unknown, and we think that any strategy involving infl ix-
imab will require maintenance infl iximab treatment and/or 
thiopurine therapy.  

    Infl iximab or Cyclosporine 
as Rescue Therapy? 

 As discussed above, patients who have previously been 
intolerant of, or failed to respond to, thiopurine therapy 
should be offered infl iximab preferentially since a large part 
of the cyclosporine strategy relies on transitioning to thiopu-
rine so that cyclosporine can be stopped after 3–6 months. 
In contrast, infl iximab can be continued as maintenance 
therapy in those patients who respond to it. 

 An open-label clinical (CYSIF) trial comparing cyclo-
sporine with infl iximab in corticosteroid-refractory severe 
UC found similar response rates and similar adverse event 
rates among 115 trial participants [ 21 ]. Treatment failure 
occurred in 60 % patients given cyclosporine and 54 % 
given infl iximab ( p  = 0.52), while 16 % of patients in the 
cyclosporine group and 25 % in the infl iximab group had 
severe adverse events. There are no trial data to support the 
use of other anti- TNF agents (adalimumab and golimumab) 
in corticosteroid- refractory severe UC.  

    Immediate and Delayed Sequential Use 
of Cyclosporine and Infl iximab 

 The immediate sequential use of one of these drugs in the 
event of failure of the fi rst drug has been studied. A series 
reported fi ndings among 19 patients who were treated with 
cyclosporine followed by infl iximab (ten patients) or infl ix-
imab followed by cyclosporine (nine patients), with either agent 
being used within 30 days of the other [ 22 ]. The 1-year remission 
rates were low in both groups at 40 % and 33 %, respectively. 

23 Treatment of Severe Ulcerative Colitis



270

Serious adverse events occurred in three patients (16 %), 
including one death due to septicemia. A Spanish group 
reported their experience among 47 patients treated with inf-
liximab within 1 month of discontinuation of cyclosporine 
[ 23 ]. They reported an immediate colectomy rate of 30 % 
among this group of patients and one death from sepsis. The 
French GETAID group reported a colectomy- free survival of 
61 % at 3 months and 41 % at 12 months among 86 patients 
[ 24 ]. There was wide variation in timing of the second drug 
after failure of the fi rst (range 7–163 days). One death and 
nine infectious complications were reported. It may there-
fore be inadvisable to use cyclosporine and infl iximab or 
vice versa within 1 month of each other given the limited 
long-term success and the potential for serious toxicity. 

 Delayed sequential use of infl iximab (at least  1 month 
after  discontinuation of the other drug) appears to be a more 
acceptable strategy. In a small series among 11 patients, a 
corticosteroid-free remission occurred in over 64 % of these 
patients at 1 year and without any serious adverse events 
when these two drugs were used in this fashion [ 25 ]. Delayed 
use of cyclosporine after infl iximab failure, on the other 
hand, only resulted in 25 % (two of eight patients) of patients 
achieving a steroid-free remission.  

    Aminosalicylates 

 There are no studies to demonstrate that oral aminosalicy-
lates are of clinical benefi t in severe colitis, so we have a low 
threshold for stopping them if the patient has diffi culty tak-
ing them, but they may be continued if the patient is eating 
and can tolerate them. Likewise, no controlled studies have 
confi rmed any incremental benefi t of rectal medications in 
this setting, but we still often prescribe them if they can be 
retained and tolerated, as they help the symptoms of urgency 
and incontinence, which many patients fi nd distressing.  

    Antibiotics 

 In the absence of any proven infection, controlled trials of 
antibiotics have demonstrated no therapeutic benefi t from 
the use of oral vancomycin, intravenous metronidazole, or 
ciprofl oxacin when added to IV corticosteroids. However, 
protocols outlining treatment regimens for severe colitis gen-
erally include broad-spectrum antibiotics for patients with 
signs of toxicity or with worsening symptoms despite maxi-
mal medical therapy [ 26 ]. Antibiotics should be initiated 
(with coverage for gram negative and anaerobic enteric 
infections) in the presence of fever or other signs of toxicity, 
but these may be stopped after 48 h if negative blood and 
stool culture results return.  

    Parenteral Nutrition 

 Controlled studies showed no benefi t from total parenteral 
nutrition (TPN) as a primary therapy for UC [ 27 ]. There is no 
evidence that maintaining oral nutrition is harmful, and it 
should be continued in patients who can tolerate it, with the 
exception of patients with colonic dilatation. However, TPN 
may be useful as a nutritional adjunct in patients with signifi -
cant nutritional depletion. Those patients with limited expec-
tations of restoring adequate nutritional status and especially 
in those patients who have a high likelihood of failure of 
medical therapy and requiring imminent surgery are started 
on TPN early in their hospital course.  

    Venous Thromboembolism 

 This potentially lethal complication occurs approximately 
twice as frequently in hospitalized UC patients compared 
to hospitalized controls [ 28 ]. For this reason, prophylactic 
subcutaneous heparin is mandatory for all patients with 
severe colitis, and the presence of frequent rectal bleeding 
should not dissuade the clinician of this. Thrombotic events 
may occur in atypical locations, e.g., portal veins, upper 
extremities, at sites of IV cannulae, the central nervous sys-
tem, and in both arterial and venous circulations. For the 
patient with a series of thrombotic or embolic events during 
a course of severe colitis, emergent colectomy may be 
potentially life- saving in preventing additional, potentially 
fatal thrombi.  

    Fulminant Colitis and Toxic Megacolon 

 Patients with fulminant colitis or toxic megacolon should be 
treated as above; in addition they should be kept NPO, a 
nasogastric tube or small bowel decompression tube should 
be considered if a small bowel ileus is present, particularly in 
patients with vomiting, and the patients should be instructed 
to rotate frequently into the prone or knee-elbow [ 29 ] posi-
tion to aid in evacuation of bowel gas. A baseline CT should 
be obtained and followed with daily abdominal x-rays. 
Broad-spectrum antibiotics are generally used empirically in 
these patients. The duration of medical treatment of megaco-
lon is controversial; some experts advocate surgery within 
72 h if no signifi cant improvement is noted [ 30 ], while we 
may take a more watchful stance if no toxic symptoms are 
present. However, if there are any clinical, laboratory, or 
radiologic deterioration on medical therapy, we proceed to 
emergent subtotal colectomy.  
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    Surgery 

 Absolute indications for surgery are exsanguinating hemor-
rhage and frank or suspected perforation. Perforation occurs 
in 2–3 % of hospitalized UC patients at tertiary referral cen-
ters. It is essential to recognize that perforation can occur 
without being preceded by megacolon and that the initial 
signs can be masked by corticosteroid use. The surgical pro-
cedure of choice is a subtotal colectomy with either a recto-
sigmoid mucous fi stula or Hartmann’s closure. In experienced 
hands, a laparoscopic approach is not contraindicated if this 
can be carried out in an expedient fashion. 

 Patients should be informed of the various  future  operations 
available, i.e., total proctocolectomy with permanent ileos-
tomy vs. the ileal pouch-anal anastomosis (IPAA) procedure. 
IPAA has become the most commonly performed operation 
for UC and is performed in 1, 2, or 3 stages, but in the patient 
undergoing urgent colectomy for acute severe colitis, the 
construction of the ileoanal pouch should always be deferred 
to a future date, when the patient has been tapered from 
corticosteroids and has been restored to good health.     
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        Introduction 

 Ulcerative colitis is a disease that has its peak incidence dur-
ing the second and third decades of life which are also the 
prime childbearing years for men and women. As a result, 
there are multiple concerns that patients have regarding the 
ability to get pregnant, the advisability of childbearing, dis-
ease activity during pregnancy, medication use during preg-
nancy, and the possibility of passing ulcerative colitis to their 
offspring. This chapter will review the current data available 
on these issues.  

    Fertility 

 Fertility is the ability to conceive and become pregnant 
through normal sexual activity. Infertility is defi ned as a fail-
ure to conceive after a year of unprotected intercourse in 
women under the age of 35 [ 1 ]. The background rate of 
infertility in the noninfl ammatory bowel disease (IBD) pop-
ulation is approximately 14 % which accounts for one in 
seven couples. In women with ulcerative colitis, who have 
not had surgery, fertility rates are similar to the non-IBD 
population. Hudson and colleagues found in a Scottish ulcer-
ative colitis population that there was a 13 % infertility rate 

in a medically treated IBD population compared to 14 % in 
the control population [ 2 ]. There was a high rate of patients 
choosing not to conceive (21 %). In a US study, there was a 
2–4 % incidence of involuntary childlessness or secondarily 
infertile women in both the UC and control groups and a 
15–20 % rate of pregnancy that required more than 1 year of 
attempts to conceive [ 3 ]. Similarly to the Scottish study, 
there was a higher level of voluntary childlessness in patients 
with UC (21 %) compared to controls (14 %). Voluntary 
childlessness may be multifactorial including advice from 
health-care providers to avoid pregnancy, disease activity, 
fear of passing on ulcerative colitis to a child, and medica-
tion concerns. 

 Surgery does adversely affect fertility in patients with 
ulcerative colitis. In the Hudson study, there was a 30 % rate 
of infertility in the patients that had surgical therapy for 
ulcerative colitis [ 2 ]. In most cases, infertility was related to 
tubal factors including adhesions related to surgery. This 
study included a small number of patients in whom most of 
the surgical intervention was total abdominal colectomy with 
end ileostomy. In the 1980s, there was a transition of surgical 
therapy for ulcerative colitis to a restorative proctocolectomy 
(RPC) with ileal pouch-anal anastomosis (IPAA). Olsen and 
colleagues studied the fecundability of 290 women before 
and after RPC with IPAA compared to a non-IBD popula-
tion. Fecundability is the ability to conceive per menstrual 
cycle with unprotected intercourse. In this study, the fecund-
ability ratio dropped from 1.01 before surgery to 0.20 
( p  < 0.001) after surgery [ 4 ]. These fi ndings have been con-
fi rmed in several meta-analyses which demonstrate that the 
average infertility rate after RPC with IPAA is in the range of 
48–63 % [ 5 ,  6 ]. The risk of infertility after IPAA increases 
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three- to fourfold as compared to the medically treated and 
control populations [ 5 ,  6 ]. The cause of the infertility is 
thought to be due to pelvic adhesions related to the surgery 
with one study showing abnormal tubal anatomy in 14 out of 
21 patients studied with hysterosalpingography (HSG) after 
RPC [ 7 ]. Despite these fi ndings, only a small percentage of 
patients experiencing infertility after RPC are referred for 
fertility treatments [ 8 ]. There is a small amount of evidence 
that an ileorectal anastomosis (IRA) may preserve female 
fertility in patients with ulcerative colitis who require surgery 
for management [ 9 ]. 

 Male infertility in ulcerative colitis is less well studied. 
In one small study, 62 men with ulcerative colitis were com-
pared to 140 controls with the mean number of pregnancies 
not statistically different in the two populations [ 10 ]. 
Fecundability was the same in the ulcerative colitis and con-
trol populations. Drugs may signifi cantly affect semen qual-
ity and subsequently fertility in men with ulcerative colitis. 
Sulfasalazine causes oligospermia and leads to male infertil-
ity in patients treated with this for ulcerative colitis [ 11 ]. 
Other medications used for the treatment of ulcerative colitis 
may also affect sperm quality and will be discussed later in 
this chapter. In patients with Crohn’s disease, disease activity 
and poor nutritional status are associated with abnormal 
semen quality. This likely can be extrapolated to patients 
with ulcerative colitis suggesting that patients whose disease 
is in remission are more likely to have healthy sperm and 
therapy improved chances at conception [ 12 ]. Men who 
undergo RPC with IPAA for ulcerative colitis may develop 
erectile dysfunction and retrograde ejaculation which may 
affect fertility [ 13 ]. However, at least one study demonstrated 
that male sexual function improved after IPAA [ 14 ].  

    Inheritance 

 The etiology of infl ammatory bowel disease is multifactorial 
with genetic predisposition playing a major role in the devel-
opment of IBD. Genetic susceptibility appears to be associ-
ated with the interaction of gut commensal microbiota and 
the host [ 15 ]. Patients with IBD often are concerned about 
passing the disease to their children. This concern often 
plays a role in the decision to have children. There are now 
multiple studies looking at the role of gene variants in the 
development of infl ammatory bowel disease [ 15 ]. 

 If a single parent is affected with ulcerative colitis, the 
risks of their children developing UC are 2–15 times higher 
than in the general population [ 16 ]. This transmission risk is 
slightly less than if the parent had Crohn’s disease. The abso-
lute risk of developing IBD for a child with a single parent 
affected with ulcerative colitis ranges from 2.9 to 11 % [ 16 ]. 
If both parents are affected with infl ammatory bowel disease, 
the risk to the child of developing IBD is 36 % over their 
lifetime [ 17 ]. Twin studies have also demonstrated increased 

genetic susceptibility for ulcerative colitis with monozygotic 
twins that were 49 % concordant (95 % CI 35.7, 63.3). 
The corresponding risk for dizygotic twins is not elevated for 
ulcerative colitis although it is elevated for twins with Crohn’s 
disease [ 18 ]. There are some families that have multiple family 
members affected with IBD in which the genetic susceptibility/
risk will be much higher for fi rst-degree relatives of the pro-
band. These risk factors should all be taken into consideration 
when counseling a patient on pregnancy issues. 

 Interestingly, there are several studies looking at the poten-
tial protective effect of maternal breastfeeding and the subse-
quent development of IBD in the newborn [ 12 ]. In a recent 
population-based study, breastfeeding greater than 3 months 
was associated with a 30 % reduced risk of developing ulcer-
ative colitis or 0.71 (0.52–0.96) [ 19 ]. Other environmental fac-
tors were also identifi ed that affected the development of 
ulcerative colitis. These included having a childhood vegetable 
garden as reducing the UC risk by 35 % or 0.65 (0.45–0.94) 
[ 19 ]. This is consistent with the fi ndings that environmental 
manipulations can affect the genetic susceptibility to disease.  

    Effect of Pregnancy on Disease Activity 

 One of the most important considerations during the family 
planning process is the activity of ulcerative colitis at the time of 
conception and during the pregnancy. Disease activity at the 
time of conception infl uences disease activity during the 
course of the pregnancy. If disease is in remission at the begin-
ning of the pregnancy, it will stay in remission in approximately 
2/3 of patients [ 20 ]. Relapse tends to occur in the fi rst trimester 
and postpartum; however, this is in part dependent on disease 
activity at conception. In those patients with ulcerative colitis 
who have active disease at the onset of  pregnancy, in only ¼ of 
the patients will the disease go into remission. Half of the 
patients will have continued disease activity or become worse 
during the pregnancy [ 20 ]. In their series of patients, Willoughby 
and Truelove found that those patients who had active disease at 
conception had disease that was less responsive to therapy [ 20 ]. 
In another study of 97 women with ulcerative colitis, with 173 
pregnancies, the risk of UC fl are was 34 % during pregnancy as 
compared to 32 % when not pregnant [ 21 ]. Discontinuation of 
medical therapy during the fi rst trimester in hopes of decreasing 
drug exposure to the growing fetus often will lead to a fl are in 
disease activity and should be discouraged. 

 There also have been reports of lower disease activity 
during pregnancy in patients with autoimmune disease. 
Kane and colleagues demonstrated that improvement of IBD 
symptoms during pregnancy was associated with disparity in 
HLA class II antigens between the mother and the fetus [ 22 ]. 
A total of 50 pregnancies in 38 patients were studied, of 
which 13 had ulcerative colitis. 

 Pregnancy may decrease the rate of relapse following the 
pregnancy. In a large European cohort, there was a reduction 
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in the rate of relapse in patients with ulcerative colitis with 
a decrease of 0.34–0.18 fl ares per year ( p  = 0.008) [ 23 ].  

    Effect of Disease on Pregnancy 
and Pregnancy Outcomes 

 The effect of ulcerative colitis on pregnancy outcome is in a 
large part related to disease activity at conception [ 21 ]. Several 
large population-based studies and a meta-analysis have 
reported that there is an increased risk of preterm delivery and 
low birth weight infants in patients with IBD [ 24 ,  25 ]. Most of 
these studies do not take into account disease activity in their 
analysis. In a nationwide Danish cohort study, Norgard et al. 
reported that the risk of preterm birth was increased in the 
children of women with ulcerative colitis [ 26 ]. This was most 
prominent when the fi rst hospitalization for ulcerative colitis 
occurred during the pregnancy. There was not an increased 
risk of LBW infants in this cohort [ 26 ]. A recent large 
European, multicenter, prospective case- control study that 
included measures of active disease found that for ulcerative 
colitis patients older age and active disease were associated 
with low birth weight and older age and combination therapy 
were risk factors for preterm delivery [ 27 ]. There are several 
theories as to why preterm labor and low birth weight infant 
may be seen in patients with active disease. Maternal low-
grade infl ammation may lead to suboptimal placental develop-
ment due to affects on the endothelium leading to vascular 
dysfunction [ 28 ]. Ernst and colleagues looked at CRP levels in 
6016 women during pregnancy and found that women with 
elevated maternal CRP > 25 mg/L as compared to a reference 
group with CRP levels than 5 mg/L had an increased incidence 
of fetal growth restriction and increased risks of preterm birth 
and small for gestational age (SGA) infants at birth [ 28 ]. 
Circulating proinfl ammatory cytokines have also been shown 
to lead to increased miscarriage rates and neonates who were 
SGA [ 29 ,  30 ]. These fi ndings suggest that improved control of 
systemic infl ammation may lead to better birth outcomes.  

    Medical Therapy of Ulcerative Colitis 
During Pregnancy 

 Ulcerative colitis management goals during pregnancy are 
similar to those in the non-pregnant patient. It is even more 
important in the pregnant patient to control disease activity 
due to potential adverse effects of active disease on the grow-
ing fetus. With a few exceptions, most of the medications 
used in the non-pregnant UC patient can be used in the 
pregnant UC patient. In the next section, the medications 
used for ulcerative colitis in the context of pregnancy and 
breastfeeding will be reviewed. 

    Aminosalicylates 

 Mesalamine compounds and sulfasalazine have been used 
extensively in pregnant patients with ulcerative colitis. 
These compounds do cross the placenta, and levels in the 
fetal circulation are similar to the levels in the maternal 
circulation [ 31 ]. Sulfasalazine use up to the time of deliv-
ery has not been associated with kernicterus or neonatal 
jaundice [ 31 ]. When used in pregnancy, there is no reported 
increase in congenital defects or in neonatal toxicity. 
Sulfasalazine is a folic acid antagonist, and folate supple-
mentation is required during pregnancy to help prevent 
neural tube defects as well as cardiovascular, oral cleft, 
and urinary tract defects [ 32 ]. The Asacol HD  mesalamine 
formulation has dibutyl phthalate (DBP) as an inactive 
ingredient in its enteric coating. DBP at high levels has 
been associated with external and skeletal malformations 
and male reproductive system effects in animals [ 33 ]. This 
is at a dose greater than 80 time the human dose and likely 
has no effect in terms of fetal exposure at the doses that are 
used for the treatment of ulcerative colitis. 

 Sulfasalazine adversely affects spermatogenesis in men 
leading to decreased sperm counts and motility. It should be 
discontinued at least 2 months prior to conception [ 34 ]. 
Mesalamine does not have the same effects on sperm and can 
be used in place of sulfasalazine. 

  Pregnancy recommendation : Human data suggests low 
risk; use folate supplements in patients on sulfasa-
lazine [ 35 ]. 

  Men : Avoid sulfasalazine in men who are trying to conceive; 
mesalamine has no effect on sperm.  

    Corticosteroids 

 Prednisone and prednisolone are felt to pose a small amount 
of risk to the developing fetus. A population-based case- 
control study in 1999 and a meta-analysis in 2000 both sug-
gested a possible causal association between cleft lip and 
palate and steroid use in the fi rst trimester [ 36 ,  37 ]. In the 
meta-analysis, the increased risk of cleft lip/palate was 3.4- 
fold, which is consistent with animal studies [ 37 ]. These 
investigators also performed a case-control study in 184 
exposed subjects which showed a 3.35-fold increase in cleft 
lip/palate (95 % CI 1.97–5.69). There were no signifi cant 
differences in the rate of major birth defects in the case- 
control study. 

  Pregnancy recommendation : Human data suggests risk. 
Use when risk of disease outweighs risk of medication. 
Better after the fi rst trimester [ 35 ].  
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    Azathioprine/6-Mercaptopurine 

 6-Mercaptopurine and its parent compound azathioprine are 
playing an increasing role in the maintenance of steroid- 
dependent ulcerative colitis. These agents do cross the pla-
centa and trace amounts can be found in fetal blood [ 38 ]. 
These agents are teratogenic in animals but have not been 
shown to cause abnormalities when used in the fi rst trimester 
in humans [ 35 ]. A large cohort study in IBD patients from 
France showed no increase in the risk of congenital abnor-
malities in thiopurine-exposed subjects [ 39 ]. There was 
increased incidence of low birth weight and prematurity that 
may be related to disease activity. In a kidney transplant pop-
ulation, maternal azathioprine use has been associated with 
neonatal leukopenia. The maternal leukocyte count at 32 
weeks gestation was correlated with the cord blood leuko-
cyte count [ 40 ]. In this study, there was less leukopenia and 
thrombocytopenia in the newborn if the azathioprine dose 
was halved in mothers who had a leukocyte count below 1 
SD for normal pregnancy [ 41 ]. 

  Pregnancy recommendation : Human data suggests risk in 
the third trimester; consider decreasing azathioprine/6- 
mercaptopurine dose at that time [ 35 ]. 

  Men : Azathioprine/6MP does not affect sperm quality and 
can be used during conception [ 41 ].  

    Methotrexate 

 Methotrexate is associated with a diverse group of congeni-
tal defects that collectively are known as the aminopterin- 
methotrexate syndrome. Defects include skeletal 
abnormalities, oxycephaly, low-set ears, long webbed fi n-
gers, and wide set eyes. Methotrexate is contraindicated 
 during pregnancy and should not be initiated in childbearing 
women unless there is complete understanding of the need 
for contraception and avoidance of pregnancy. 

  Pregnancy recommendation : Contraindicated. 

  Men : Case reports of decreased sperm count, stop if there are 
contraception diffi culties [ 42 ].  

    Cyclosporine/Tacrolimus 

 Cyclosporine is not an animal teratogen, and in small num-
bers of patients, there is no evidence that it is teratogenic in 
humans. Growth retardation of the fetus has been seen in 
some pregnancies but it is thought to be due to the underly-
ing disease process. It has been used in severe steroid- 
refractory ulcerative colitis during pregnancy with some 
success in small numbers of patients. Using cyclosporine in 

this population allowed the pregnancies to progress to term 
without the need for colectomy, which would be high risk to 
the fetus in this population [ 43 ]. 

  Pregnancy recommendation : Limited human data; animal 
data suggests risk however in severe medically refractory 
colitis cyclosporine may be preferred to surgery [ 35 ,  43 ]. 

  Men : Compatible [ 44 ].  

    Biologics 

 Infl iximab and adalimumab both have been used for ther-
apy in aggressive ulcerative colitis. Exposure during preg-
nancy may be part of an ulcerative colitis maintenance 
regimen or as acute salvage therapy for the pregnant patient 
presenting with fulminant colitis [ 45 ]. These are both par-
enteral IgG1 molecules with little transfer through the 
placenta until approximately week 20. Babies born to 
mothers who are receiving infl iximab during pregnancy 
will have detectable levels of the drug for up to 6 months 
after birth. Infants that have detectable infl iximab in their 
blood after delivery do not appear to have an increased risk 
of infection, and studies have demonstrated a normal 
response to non-live vaccines [ 46 ]. The long-term potential 
adverse effects on the infant’s immune system are not 
known. Vaccination of exposed infants with live viruses 
should be avoided for at least 6 months or until circulating 
infl iximab levels are negative [ 46 ]. There is no clear role 
for holding therapy for 8 or more weeks prior to delivery to 
decrease fetal exposure to infl iximab. Zelinkova and col-
leagues show that infants born to mothers who stopped 
infl iximab 21–30 weeks prior to delivery still had therapeutic 
infl iximab levels in cord blood and peripheral blood infl ix-
imab level two- to threefold higher than their mothers [ 47 ]. 
Certolizumab, as a PEGylated Fab′ monoclonal antibody, 
is not actively passed through the placenta to the fetus and 
may not pose the same potential risks. The degree of pas-
sive transfer is thought to be low. 

  Pregnancy recommendation : Based on the small amount of 
data available, infl iximab and adalimumab are compatible 
with pregnancy; avoid live virus vaccines in offspring for 
6 months after delivery or when circulating infl iximab 
levels are negative. 

  Men : Slight decrease in sperm motility and oval forms [ 48 ].   

    Breastfeeding and Pregnancy 

 Breastfeeding has numerous benefi ts in the health of the neo-
nate including the studies mentioned above that suggest that 
there may be a decreased risk of developing IBD in children 
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that have been breastfed [ 19 ,  49 ]. There are both medication 
concerns and concerns regarding a risk of fl are in disease 
activity associated with breastfeeding. If patients discontinue 
IBD medication to breastfeed, there is a twofold risk of fl are 
compared to patients who do not breastfeed (95 % CI 
 1.2–2.7); however, if medication discontinuation is corrected 
for, there is no increased risk of fl are of disease [ 50 ]. In a 
Canadian population-based study, Moffatt and colleagues 
found that women with IBD were as likely to breastfeed as 
the general population. The risk of fl are postpartum in those 
with ulcerative colitis who breastfed vs. those who did not 
breastfeed was 289.2 % vs. 44.4 % ( p  = 0.44) [ 49 ,  51 ]. 

 There is a concern that if a mother is on medication 
while breastfeeding that there are potential adverse effects 
on the nursing infant if it is secreted in the breast milk. If at 
all possible, the medications used to treat ulcerative colitis 
should not be discontinued in order to breastfeed. Most of 
the medications that are used to maintain remission in 

ulcerative colitis are compatible with breastfeeding 
(Table  24.1 ). The notable exceptions are cyclosporine, 
tacrolimus, and methotrexate.

      Aminosalicylates 

 This class of medication is felt to be compatible with breast-
feeding with caution due to potential adverse effects on 
the fetus [ 35 ]. Small amounts of mesalamine are excreted 
into human milk as well as its metabolite, acetyl-5- 
aminosalicylate. The estimated daily intake of the neonate is 
felt to be negligible, and adverse events have not been seen 
[ 52 ]. Diarrhea has been reported in a nursing infant after the 
maternal exposure to rectal mesalamine [ 53 ]. Sulfasalazine 
is broken down to sulfapyridine and acetyl-5- aminosalicylate. 
Sulfapyridine is excreted in low levels into breast milk. The 
low doses that are seen do not increase the risk of kernicterus 

   Table 24.1    Medications used to maintain remission in ulcerative colitis compatible with breastfeeding   

 Medication 
 FDA pregnancy 
category a  

 Pregnancy  Breastfeeding 

 Recommendation  Recommendation 

  5-ASA  
 Sulfasalazine  B  Low risk, replace folate daily  Probably compatible, possible diarrhea 
 Mesalamine a   B  Low risk  Probably compatible, possible diarrhea 

 C a   Asacol a —phthalate in coating AE in animals 
 Olsalazine  C  Low risk  Probably compatible, possible diarrhea 
 Balsalazide  B  Low risk  Probably compatible, possible diarrhea 
 Corticosteroids  C  Low risk: possible increased risk of cleft palate, 

adrenal insuffi ciency, premature rupture of 
membranes 

 Compatible 

  Antibiotics  
 Metronidazole  B  Low risk, possibly avoid 1st trimester  Potential toxicity with higher doses and 

longer duration 
 Quinolones  C  Avoid, potential damage to cartilage  Probably compatible in short courses 
 Amoxicillin/clavulanate  B  Low risk  Probably compatible 
 Cephalosporins  B  Low risk  Compatible 
  Immunomodulators  
 6MP/azathioprine  D  Low risk, animal teratogen, possible risk in third 

trimester 
 Probably compatible, discard breast milk 
for 4 h after dose 

 Methotrexate  X  Contraindicated, teratogenic to humans  Contraindicated, immunosuppression 
 Cyclosporine  C  Low risk  Potential toxicity, immunosuppression 
 Thalidomide  X  Contraindicated, teratogenic to humans  Contraindicated 
  Biologics  
 Infl iximab  B  Low risk, continue dosing through pregnancy  Probably compatible 
 Adalimumab  B  Low risk, continue dosing through pregnancy  Probably compatible 
 Certolizumab pegol  B  Low risk, continue dosing through pregnancy  Probably compatible 
 Natalizumab  C  Low risk  Probably compatible 

  Adapted from: Briggs G, Freeman R, Yaffe S. Drugs in Pregnancy and Lactation: A Reference Guide to Fetal and Neonatal Risk. 9th edition ed. 
Philadelphia, Pennsylvania: Lippincott Williams & Wilkins; 2011 [ 35 ]; Kwan L, Mahadevan U. Infl ammatory bowel disease and pregnancy: an 
update.  Expert Review of Clinical Immunology  2010; 6 :643–657 [ 64 ]; Mahadevan U, Kane S. American Gastroenterological Association Institute 
Technical Review on the Use of Gastrointestinal Medications in Pregnancy.  Gastroenterology  2006; 131 (1):283–311 [ 65 ] 
  a FDA pregnancy categories are given for historical reference; however, they are being phased out of routine usage for evaluation of medications 
during pregnancy  
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and that there is no signifi cant displacement of bilirubin from 
albumin [ 31 ]. There is at least one report of bloody diarrhea 
associated with sulfasalazine use [ 54 ]. If diarrhea or bloody 
diarrhea develops in a breastfed infant on aminosalicylates, 
either the mother should stop breastfeeding or if clinically 
reasonable stop the drug.  

    Corticosteroids 

 Very small amounts of prednisone and prednisolone are 
excreted into breast milk. In a study using radioactively 
labeled prednisolone in seven patients and examining the 
levels in breast milk, there was 0.14 % of the administered 
5 mg dose found per liter of milk [ 55 ]. In a second study, 
doses of 10–80 mg/day lead to milk concentrations of 
5–25 % of serum concentrations. It is estimated that the 
infant, at even high levels, receives <0.1 % of the dose, which 
is less than 10 % of the nursing infant’s own endogenous 
cortisol production [ 56 ]. 

  Breastfeeding recommendation : Compatible [ 35 ].  

    Azathioprine/6-Mercaptopurine 

 There is only a small amount of human data available on 
maternal use of thiopurines during breastfeeding. 

 Christensen et al. studied the pharmacokinetics of aza-
thioprine in eight patients—looking at milk and plasma lev-
els after dose of azathioprine from 75 to 200 mg. They 
found that the highest concentration of azathioprine was 
seen in the milk with the fi rst 4 h of dosing. Levels seen 
were very low, and on the basis of maximum concentrations 
measured, the infant received <0.008 mg/kg body weight 
over a 24-h period [ 57 ]. 

 Angelberger and colleagues followed the babies of 11 
mothers taking AZA (median 150 mg/day) for IBD during 
pregnancy and lactation and compared this group to 12 
mothers on no immunosuppressants. Duration of breast-
feeding was 6 months in the AZA group vs. 8 months in 
the non- AZA group [ 58 ]. The children were followed to 
median age of 3.3 years in the AZA group and 4.7 years in 
the non- exposed group. There were no differences in 
childhood infections between the AZA exposed and non-
exposed groups. Common cold and conjunctivitis were 
more common in the non-AZA exposed group. This data 
suggests that exposure to AZA in utero and in breast-
feeding does not increase the risk of infection in the neo-
nates [ 58 ]. 

  Breastfeeding recommendations : Probably compatible, 
 discard milk 4 h after dosing [ 35 ].  

    Methotrexate 

 Methotrexate is excreted in small amounts into breast milk. 
Methotrexate may accumulate in neonatal tissues. Breastfeeding 
is contraindicated for patients on methotrexate [ 35 ].  

    Cyclosporine/Tacrolimus 

 Cyclosporine is excreted into breast milk. In one study, the 
infant’s blood levels were as high as 78 % of the maternal 
trough concentrations. The estimated exposure is from 0.2 to 
2.1 % of the mother’s weight-adjusted dose [ 35 ]. 

  Breastfeeding recommendation : Limited human data—
potential toxicity due to detectable levels in the blood of neo-
nates and subsequent immunosuppression [ 35 ].  

    Biologics 

 Infl iximab and certolizumab have not been detected in breast 
milk in patients who are receiving these agents for infl amma-
tory bowel disease. 

  Breastfeeding recommendation : Limited human data—
thought to be low risk and compatible with breastfeeding [ 59 ].   

    Pregnancy and the Ileoanal Pouch 

 As discussed above, fertility is decreased in women who 
undergo a colectomy with IPAA for ulcerative colitis. There 
is less information available on pouch function in women 
who do become pregnant with an ileal pouch. Hahnloser and 
colleagues studied 232 pregnancies in 135 women, 1–16 
years after IPAA for ulcerative colitis [ 60 ]. They found that 
daytime stool frequency 7 months after delivery was the 
same as in the pregravid state (5.4 vs. 5.4) but that at 68 
months after delivery, there was a slight increase (5.4 vs. 
6.4). In this group of women, there was an increase in occa-
sional fecal incontinence, 21 % pregravid as compared to 
36 % at the last post-pregnancy follow-up. Pregnancy did not 
increase the incidence of stricture formation, pouchitis, or 
obstruction [ 60 ]. In a review of all the available literature on 
pouch complications associated with pregnancy, Seligman 
et al. reported that stool frequency and incontinence was not 
signifi cantly affected by pregnancy or mode of delivery [ 61 ]. 
Antepartum small bowel obstruction was reported in 8 out of 
283 pregnancies reviewed [ 61 ]. These all resolved nonopera-
tively after delivery. Other complications seen in this review 
were postpartum SBO in 6.7 %, pouchitis in 1.8 %, and a 
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perianal abscess in 1 patient [ 61 ]. Overall, the literature 
 supports the fact that pregnancy in patients with ileal pouches 
is well tolerated.  

    Labor and Delivery 

 There is an increased rate of Cesarean section as mode of 
delivery in patients with ulcerative colitis. Nguyen et al. 
reported a rate of 42 % compared to 30.9 % in a non-IBD 
population ( p  = 0.0002) [ 62 ]. Lower Cesarean section rates 
of 13.8 % (all IBD) and 29 % (UC) have been reported in two 
large community-based practice studies [ 24 ,  63 ]. In general, 
the decision for a Cesarean section in patients with ulcerative 
colitis should be made for obstetric indications. Patients who 
have had a total abdominal colectomy with IPAA can have a 
successful vaginal delivery as it relates to pouch function 
[ 60 ]. The main delivery concern in this population relates to 
potential of damage to the anal sphincter. In a patient with 
borderline continence related to the IPAA, a tear or episiot-
omy that affects the sphincter may signifi cantly worsen con-
tinence issues. The potential risks to the sphincter of vaginal 
delivery should be discussed with the patient, obstetrician, 
and surgeon as delivery decisions are being made [ 12 ].  

    Summary 

 Patients with ulcerative colitis typically do quite well dur-
ing pregnancy, and pregnancy should not be discouraged in 
this patient population. Fertility in the medically treated 
patient is no different than in the non-UC population but is 
affected by surgical therapy with IPAA. Ideally, patients 
should be in remission prior to conception and should con-
tinue to be optimally treated throughout their pregnancy. 
Compliance with medical regimen should be encouraged to 
avoid fl ares of disease which then may impact the preg-
nancy in terms of preterm delivery and low birth weight 
infants. Most medications used for the treatment of ulcer-
ative colitis can be used safely during pregnancy. Delivery 
method should be based on obstetric indications. 
Collaborative management of the pregnant ulcerative coli-
tis patient with the obstetrician, gastroenterologist, and sur-
geon (in IPAA patient) is recommended.     
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        Overview 

 While the diagnosis of infl ammatory bowel disease (IBD) can 
occur at any age, approximately 25 % of patients with infl am-
matory bowel disease will become symptomatic during child-
hood or adolescence [ 1 ]. Clinicians who care for pediatric 
patients with IBD are faced with certain challenges and respon-
sibilities. Some of the distinct issues which must be addressed 
include growth, skeletal health, and psychosocial development. 
Such issues may affect the choice and the ultimate success of 
the therapy. In this chapter, we will focus on the treatment of 
ulcerative colitis (UC) in this unique patient population. 

 Worldwide, the incidence of IBD is increasing, particularly 
in industrialized countries. The increase in incidence seems to 
be most prominent for Crohn’s disease (CD). The majority of 
studies in pediatric ulcerative colitis have demonstrated a rela-
tively stable incidence. However, a retrospective epidemio-
logical study evaluating the incidence of pediatric IBD 
between 1991 and 2002 in Texas also found an increased inci-
dence of UC in patients less than 17 years of age [ 2 ]. In North 
America, the incidence of UC in patients 10–19 years of age is 
approximately 2 cases per 100,000  persons [ 3 ]. The pediatric 
literature suggests that the highest age-related incidence    of UC 
occurs in patients greater than 10 years of age [ 2 ]. 

 The presentation of ulcerative colitis in pediatric patients 
is similar to the presentation in adults. Children with UC 
often present with persistent symptoms of abdominal pain, 
diarrhea, and rectal bleeding. In pediatric UC, 83–95 % of 
patients present with rectal bleeding [ 4 ]. As compared to 
adults, children with UC are more likely to experience acute, 
severe symptoms at the time of diagnosis [ 5 ]. It is not uncom-
mon for pediatric patients to require hospitalization during 
the initial presentation. Another unique feature of ulcerative 
colitis in children and adolescence is the effect of the disease 
on growth. While Crohn’s disease is more likely to affect 
growth, long-standing and severe symptoms from ulcerative 
colitis may result in malnutrition. Linear growth may subse-
quently be impacted. The degree of growth failure will often 
infl uence treatment decisions. 

 In regard to diagnosis, a complete laboratory evaluation 
should be performed to evaluate for anemia, hypoalbumin-
emia, elevated infl ammatory markers, and hepatic function 
abnormalities. In addition, imaging of the small bowel 
should be performed in order to differentiate Crohn’s dis-
ease from UC as this can be challenging in the pediatric 
population. Colonoscopy with biopsy remains the most 
valuable procedure in the evaluation of a pediatric patient 
in whom the diagnosis of ulcerative colitis is suspected. A 
complete examination of the entire colon, as well as the 
terminal ileum, is necessary in order to determine the 
extent of the disease and to distinguish between Crohn’s 
disease and UC. 

 The gross appearance of the colon and the histologic fi nd-
ings in ulcerative colitis are similar in children and adults. 
There are differences, however, in disease location. While 
 isolated left-sided colitis is common in adults, most children 
with UC present with infl ammation extending proximal to the 
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splenic fl exure. A statewide epidemiological study in Wisconsin 
evaluating pediatric patients newly diagnosed with IBD found 
left-sided colitis in only 10 % of children with UC at the time 
of presentation. Conversely, 90 % of children newly diagnosed 
with UC presented with pancolitis [ 6 ]. As mentioned previ-
ously, pediatric patients with UC often present initially with 
acute, severe exacerbations, and this is likely related to the 
more extensive disease location frequently observed. 

 Most pediatric patients with UC can be treated on an out-
patient basis. However, hospitalization is necessary in cer-
tain situations such as when maximal outpatient therapy is 
unsuccessful or when patients develop severe disease. There 
is, in fact, a greater risk of hospitalization in pediatric UC 
patients as compared to the adult population [ 7 ].  

    Approach to Treatment 

 The general goals for managing UC in children are to elimi-
nate symptoms of disease, improve quality of life, and avoid 
hospitalization and surgery. One of the primary aims is to 
promote and allow normal, unrestricted activity (i.e., attend-
ing school). Although clinical improvement is imperative, in 
order to increase the chance of lasting remission and decrease 
the potential for adverse effects of long-standing infl amma-
tion, it is important to attain mucosal healing. In terms of 
therapy, the most common approach in pediatric ulcerative 
colitis is the “step-up” approach, in which medications with 
the least toxicity are used early. Then, further therapies are 
added or replaced if the desired response is not achieved. 
Recently, a “top-down” approach has been utilized, in which 
patients with moderate to severe disease are treated more 
aggressively early [ 8 ]. Theoretically, this strategy may be 
appropriate for specifi c pediatric patients such as in patients 
who have pancolitis or who require hospitalization. However, 
to date, there is only one published study evaluating a top- 
down approach in the treatment of pediatric IBD [ 9 ]. 

 There have been very few studies in pediatric patients 
evaluating the safety and effi cacy of the different therapies 
used in ulcerative colitis. When making therapeutic deci-
sions, the best available evidence is frequently limited to 
 retrospective studies in children and adolescents and pro-
spective studies performed in the adult population.  

    5-Aminosalicylate (5-ASA) 

    Oral 5-ASA 

 Oral 5-ASA medications are commonly utilized as fi rst-line 
therapy in the treatment of mild to moderately active ulcer-
ative colitis. The exact mechanism through which the 5-ASA 
preparations decrease infl ammation is unclear. They are 

thought to decrease infl ammation through inhibition of cyclo-
oxygenase and lipoxygenase, enzymes that are responsible 
for the production of infl ammatory mediators. The 5-ASA 
medications are thought to act directly on the gastrointestinal 
mucosa. In other words, the effect is largely topical rather 
than systemic. Adult studies have clearly demonstrated a role 
for 5-ASA medications in both induction of remission and 
maintenance of remission in ulcerative colitis [ 10 ,  11 ]. 

 To date, there have been two prospective, multicenter, ran-
domized trials examining the effi cacy of 5-ASA medications 
in children with active UC. In a study published by Ferry and 
colleagues, patients with mild to moderate disease were ran-
domized to receive either 30 mg/kg/day of olsalazine or 
60 mg/kg/day of sulfasalazine for induction of remission 
[ 12 ]. After 3 months, clinical improvement was seen in 39 % 
of patients treated with olsalazine versus 79 % of patients 
treated with sulfasalazine. It was hypothesized that olsalazine 
was less effective than sulfasalazine in this trial because of the 
small sample size and the relatively low dose of olsalazine 
studied. A more recent prospective, multicenter, randomized 
study demonstrated that in pediatric patients (ages 5–17) with 
mild to moderately active UC, balsalazide was well tolerated 
and improved clinical signs and symptoms of disease [ 13 ]. 

 Similarly, there have been a small number of studies 
examining the pharmacokinetics of 5-ASA medications in 
the pediatric population. In general, the data in children is 
comparable to the data in adults [ 14 ]. In the available litera-
ture, a wide range of 5-ASA dosages have been used. The 
overall tendency in clinical practice is to recommend 
80–100 mg/kg/day of mesalamine for induction therapy and 
30–100 mg/kg/day of mesalamine for maintenance therapy. 
Mesalamine is used much more commonly in children than 
sulfasalazine due to lower side effect profi le. In addition, 
mesalamine is available in pH-dependent (Asacol ® ) and 
time-release (Pentasa ® ) formulations which allow the drug to 
become active in different sites within the GI tract. 
Conversely, sulfasalazine preparations target the colon 
exclusively. Despite this, sulfasalazine is still occasionally 
prescribed for young children who cannot swallow pills 
because it is available in a liquid preparation. 

 The side effects and adverse events reported in children 
treated with 5-ASA medications are similar to those reported 
in adults. There are adverse events associated exclusively 
with sulfasalazine which are thought to be related to the sulfa 
component. These include hypersensitivity reactions and 
hemolytic anemia. In general, the side effects associated 
with mesalamine preparations are milder and include symp-
toms such as headache, abdominal pain, nausea, and vomit-
ing. There have been case reports in children and adolescents 
describing more severe adverse events with mesalamine such 
as pancreatitis, hepatitis, nephritis, and pericarditis. There 
have also been reports of mesalamine intolerance mimicking 
exacerbation of colitis [ 15 ].  
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    Topical 5-ASA 

 Many symptoms of ulcerative colitis, such as urgency and 
tenesmus, are secondary to rectal disease or left-sided colitis. 
5-ASA suppositories and enemas have been widely used 
worldwide in the treatment of adults with ulcerative colitis 
with good success. These preparations may be used alone or 
in combination with oral 5-ASAs. However, the effi cacy and 
safety of mesalamine suppositories in pediatric patients have 
not been well studied until recently. A multicenter trial pub-
lished by Heyman and colleagues found that once daily 
mesalamine (500 mg) suppositories were well tolerated and 
effective in treating mild to moderate ulcerative proctitis in 
children ages 5–17 [ 16 ]. In this study, ulcerative proctitis 
was diagnosed by biopsy at the time of study entry, and 
improvement was based on a clinical disease improvement 
index. Clinical response was achieved in more than 90 % of 
patients 3 weeks and 6 weeks following initiation of therapy. 
Limitations of this study included the open-label and uncon-
trolled study design.   

    Combination 5-ASA Therapy 

 As mentioned previously, the majority of pediatric patients 
with ulcerative colitis present with disease which extends 
beyond the splenic fl exure. However, there are patients who 
present with left-sided disease exclusively. In these patients, 
a common approach is treatment with a combination of oral 
and topical mesalamine. Combination therapy is also useful 
in patients who have symptoms suggestive of proctitis such 
as tenesmus, urgency, and frequency. 

 Compliance with a treatment regimen that includes per 
rectum medications can be diffi cult in pediatric patients. In 
fact, compliance with medications in pediatric patients, in 
general, is a frequently encountered problem. For example, 
treatment with 5-ASA medications involves multiple pills 
per day and also frequent dosing. Also, the pills themselves 
are large and can be diffi cult for a child to swallow. The lit-
erature suggests that pediatric patients with IBD miss up to 
50 % of 5-ASA doses [ 17 ]. There are current research efforts 
directed toward identifying simpler methods of administra-
tion for 5-ASA medications. However, it is also essential for 
providers to assess adherence at each offi ce visit and to rec-
ognize barriers to compliance.  

    Antibiotics 

 In clinical practice, antibiotics are commonly used in the 
treatment of pediatric infl ammatory bowel disease. Although 
no specifi c bacterial infection has been implicated in the 
pathogenesis of IBD, there is a growing body of evidence 

which supports a relationship between the gut microbiota 
and infl ammation. Among humans, a signifi cant amount of 
gut microbial diversity exists. However, the gut microbial 
composition in patients with IBD appears to be altered as 
compared to healthy controls [ 18 ]. In the treatment of IBD, it 
is thought that antibiotics produce a response by altering the 
composition of the gut fl ora [ 14 ]. An immunomodulatory 
effect has also been proposed [ 19 ]. 

 Adult studies suggest a role for antibiotics, such as cipro-
fl oxacin and metronidazole, in the treatment of perianal 
Crohn’s disease, postoperative Crohn’s disease, and pouchi-
tis [ 20 ]. However, there is little evidence based on the current 
published literature supporting the use of antibiotics in the 
treatment of ulcerative colitis except in the case of pouchitis. 
Antibiotics are important in children presenting with fulmi-
nant ulcerative colitis and signs of toxicity such as fever, leu-
kocytosis, bandemia, or peritoneal symptoms [ 21 ]. However, 
these medications should not be used routinely in less 
severely ill patients.  

    Probiotics 

 Probiotics are defi ned as live microbial food products that 
have benefi cial effects on the host. Probiotics have been 
suggested as potential treatments for numerous digestive 
disorders. However, the routine use of probiotics in such 
disorders remains controversial. A Cochrane review of ran-
domized, controlled trials of probiotics in ulcerative colitis 
concluded that probiotics, when added to standard therapy, 
may add modest benefi t in mild to moderately active UC 
[ 22 ]. Probiotics may have a more important role in treating 
patients with ulcerative colitis who have pouchitis. In a dou-
ble-blind study in an adult population with pouchitis treated 
with VSL#3, 85 % of patients maintained remission of pou-
chitis for 1 year [ 23 ]. Another study suggested that probiot-
ics may be effective in pouchitis as a preventative strategy 
[ 24 ]. In the treatment of children and adolescents with UC, 
the current notion is that probiotics may be a useful adjunc-
tive treatment strategy. Further investigations are clearly 
needed in this area.  

    Corticosteroids 

 Topical corticosteroids can be utilized in the treatment of 
pediatric patients with ulcerative colitis. Rectal steroid 
foams or suppositories can be used for proctitis, and steroid 
enemas can be used for proctocolitis and left-sided disease. 
Studies in adults have demonstrated benefi t with short-term 
use. However, the literature suggests that corticosteroids 
administered per rectum are not suffi cient to maintain 
 remission [ 25 ]. 
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 Budesonide is a glucocorticoid which undergoes  extensive 
fi rst-pass metabolism in the liver and therefore has a lower 
incidence of systemic side effects. Studies have shown that 
enteric-coated budesonide has a role in the induction of 
remission in pediatric patients who have mild to moderately 
active Crohn’s disease [ 26 ]. Budesonide MMX has been 
demonstrated in adult patients to induce remission in patients 
with active ulcerative colitis. Conversely, there are no studies 
which evaluate the effi cacy of oral budesonide in children 
with ulcerative colitis. Studies in adults have suggested that 
oral enteric-coated budesonide is both less effective than 
mesalamine and is not superior to placebo in the induction of 
remission in patients with ulcerative colitis [ 27 ]. Treatment 
with oral enteric-coated budesonide in children who have 
ulcerative colitis is therefore not currently recommended. 
Oral enteric-coated budesonide is released in the upper GI 
tract which likely explains the lack of effi cacy in ulcerative 
colitis when compared to Crohn’s disease. Extended-release 
formulations such as budesonide MMX (multi-matrix) are 
now available and have been demonstrated to be effective in 
treating patients with ulcerative colitis—including patients 
who have left-sided disease [ 28 – 30 ]. 

 In pediatric patients with ulcerative colitis, oral cortico-
steroids are commonly utilized to induce remission when 
the 5-ASA medications have failed. Inpatient admission for 
IV corticosteroids is sometimes required if the disease is 
severe or if oral corticosteroids are ineffective. Although 
valuable in controlling acute exacerbations of disease, the 
long-term use of systemic corticosteroids is undesirable due 
to the large number of adverse affects seen with this class of 
medications. Side effects which are frequently encountered 
include increased appetite, skin changes such as acne, 
cushingoid appearance, hypertension, increased blood glu-
cose levels, and emotional lability. Also, the negative effects 
of corticosteroids on growth and bone health should always 
be considered [ 31 ]. 

 The vast majority of pediatric patients with ulcerative 
colitis demonstrate response to corticosteroid treatment. 
However, maintenance of remission is diffi cult to achieve 
with this therapy alone. Population-based studies in adults 
suggest that in those patients, who require treatment with 
corticosteroids initially, very few maintain remission and 
corticosteroid dependence is a signifi cant issue [ 32 ]. More 
recently, a similar result was found in pediatric patients. In a 
prospective study evaluating UC patients from the Pediatric 
Infl ammatory Bowel Disease Research Collaborative, a 
cohort of patients from various referral centers in the USA, 
the majority of patients received systemic corticosteroids at 
the time of diagnosis, and most of these patients were con-
sidered corticosteroid responders. However, the rate of 
 corticosteroid dependence in this cohort of pediatric patients 
was approximately 45 % [ 33 ]. In addition to the many side 

effects and the risk of dependence, it is clear that while 
 corticosteroids may provide symptomatic relief, histological 
remission and mucosal healing occur uncommonly in pediat-
ric patients with UC treated with corticosteroids [ 34 ]. 

 To avoid complications of prolonged corticosteroid use, 
there are several indices used in the adult population to help 
predict which patients will fail to respond to corticosteroids 
early on in the course of therapy [ 35 ]. In these patients, 
second- line or “rescue” therapies can then be promptly insti-
tuted. Until recently, no such tool existed in pediatrics. In 
2007, the Pediatric Ulcerative Colitis Activity Index 
(PUCAI) was developed (Table  25.1 ) [ 36 ]. The PUCAI uses 
noninvasive items such as degree of abdominal pain, amount 
of rectal bleeding, and the number of stools per 24 h to mea-
sure disease activity in pediatric UC. The PUCAI was ini-
tially validated by means of a prospective cohort of 48 
pediatric patients with ulcerative colitis undergoing colonos-
copy. The PUCAI correlated well with established indices 
including Beattie index (colonoscopic appearance), physi-
cian global assessment (PGA), and Mayo score [ 36 ]. The 
PUCAI was more recently prospectively evaluated in 215 
children with UC. This study confi rmed the validity of the 
PUCAI as a primary outcome measure in determining 

   Table 25.1    Pediatric ulcerative colitis activity index [ 36 ]   

 Item  Points 

 1. Abdominal pain 
  No pain  0 
  Pain can be ignored  5 
  Pain cannot be ignored  10 
 2. Rectal bleeding 
  None  0 
  Small amount only, in less than 50 % of stools  10 
  Small amount with most stools  20 
  Large amount (>50 % of the stool content)  30 
 3. Stool consistency of most stools 
  Formed  0 
  Partially formed  5 
  Completely unformed  10 
 4. Number of stools per 24 h 
  0–2  0 
  3–5  5 
  6–8  10 
  >8  15 
 5. Nocturnal stools (any episode causing wakening) 
  No  0 
  Yes  10 
 6. Activity level 
  No limitation of activity  0 
  Occasional limitation of activity  5 
  Severe restricted activity  10 

  Sum of PUCAI: 0–85  
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 disease activity in pediatric UC. Furthermore, it correlated 
well with therapeutic decisions [ 37 ].

   The PUCAI score is now used commonly to direct 
 therapeutic decision-making in pediatric patients presenting 
with severe, acute ulcerative colitis. The literature supports 
the use of the PUCAI, calculated on day 3 and 5 of cortico-
steroid treatment, to predict response to corticosteroid ther-
apy and to identify those patients who will require escalation 
of therapy [ 7 ]. For example, a PUCAI of greater than 45 on 
day 3 can be used to predict nonresponse to IV corticoste-
roids [ 5 ]. In addition, patients who have a calculated PUCAI 
of greater than 70 on day 5 of corticosteroids should be 
regarded as steroid-refractory, and rescue therapy with inf-
liximab should be considered [ 5 ].  

    6-Mercaptopurine (6-MP) and Azathioprine 

 Immunomodulatory agents used in the treatment of children 
and adolescents with IBD include purine analogs that inhibit 
purine ribonucleotide synthesis and cell proliferation, 
6- mercaptopurine (Purinethol) and azathioprine (Imuran). 
These agents are used in patients with UC who are steroid 
dependent or whose disease is refractory to steroid treat-
ment. These medications generally require approximately 
1–3 months to produce an effect and, therefore, are not used 
in acute exacerbations of the disease. Because of the delay in 
response, immunomodulators are frequently combined with 
corticosteroids initially. 

 The fi rst controlled trial evaluating the effi cacy of 
6-MP in pediatric patients was published in 2000 [ 38 ]. 
Markowitz and colleagues hypothesized that 6-MP would 
reduce the need for corticosteroids in pediatric patients 
newly diagnosed with Crohn’s disease. At the time of 
diagnosis, pediatric patients with disease activity scores 
in the moderate to severe range were randomized to 
receive a corticosteroid plus 6-MP or a corticosteroid plus 
placebo. Patients were followed for 18 months. The results 
suggested that children in the 6-MP group required corti-
costeroids for a shorter period of time and were able to 
remain off of corticosteroids for longer. The adverse 
effects seen with 6-MP were similar to those seen in adults 
and included pancreatitis, hepatitis, and bone marrow 
suppression. There were limitations to this study, how-
ever, including small sample size. 

 Recently, a cohort of pediatric patients with ulcerative 
colitis treated with a thiopurine was prospectively observed 
[ 39 ]. At 1 year following initiation of thiopurine therapy, 
50 % of patients had achieved corticosteroid-free inactive 
disease. The study further demonstrated that the likelihood 
of avoiding rescue therapy with a biologic, calcineurin 
inhibitor, or colectomy was 73 % at 1 year. Treatment with 

a thiopurine also seemed to improve the likelihood of 
 avoiding rescue therapy at 2 years (59 %). When these 
patients were followed further than 1 year, however, the 
results were less favorable. 

 In clinical practice, for the treatment of patients with UC, 
6-MP and azathioprine are used interchangeably. The stan-
dard initial dose in pediatric patients is 1.0–1.5 mg/kg/day of 
6-MP or 2.0–2.5 mg/kg/day of azathioprine. Dosing is also 
based on the thiopurine methyltransferase (TPMT) enzyme 
activity level. The TPMT enzyme activity is typically 
assessed prior to initiation of therapy in order to prevent tox-
icity. Some individuals either lack the TPMT enzyme or have 
low levels, which increases their risk of toxicity. The active 
6-thioguanine (6-TGN) metabolites can also be followed in 
order to ensure that therapeutic levels of the medication are 
achieved. There is recent data to suggest that in very young 
patients with IBD (age 6 and younger), the standard per 
 kilogram dose may not be adequate [ 40 ]. When these patients 
are closely monitored, dosage escalations are acceptable and 
are generally effective and well tolerated.  

    Methotrexate 

 Methotrexate is an analog of folic acid and of aminopterin, 
a folic acid antagonist. The mechanism of action is through 
dihydrofolate reductase, the enzyme involved in the de novo 
synthesis pathway for purines and pyrimidines. The exact 
anti-infl ammatory effect of low-dose methotrexate is unclear 
[ 41 ]. The treatment of juvenile idiopathic arthritis (JIA) 
with low-dose oral methotrexate is well established and is 
the source of the majority of the literature regarding the 
safety of low-dose methotrexate in pediatric patients. 
Methotrexate has also been used to maintain remission in 
children with IBD who are steroid dependent and fail to 
respond to or are unable to tolerate thiopurines [ 42 ]. 
Parenteral (SQ) administration seems to be more effective 
than oral administration in IBD patients. A potential benefi t 
of methotrexate is that the onset of action is slightly more 
rapid than 6-MP or azathioprine. 

 There is limited data available for the use of methotrexate 
in ulcerative colitis, although there is more signifi cant evi-
dence for its use in Crohn’s disease. There is only one 
double- blind, placebo-controlled study evaluating the effi -
cacy of methotrexate in ulcerative colitis [ 43 ]. In this study, 
methotrexate was not found to be superior to placebo in the 
induction or maintenance of remission in UC patients. 
However, methotrexate was administered orally in this study. 
Additionally, lower dosing than what has been demonstrated 
to be effective in Crohn’s disease was used. 

 In the treatment of pediatric UC, methotrexate seems to 
be well tolerated [ 44 ]. However, further studies are required 
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in order to establish effi cacy. Common side effects include 
nausea and anorexia. More serious adverse events such as 
hepatotoxicity, bone marrow suppression, hypersensitivity 
pneumonitis, and opportunistic infections are rare. Finally, 
methotrexate is a known teratogen, and as such, many clini-
cians will avoid its use in adolescent females.  

    Biologics 

 Infl iximab is a monoclonal antibody against tumor necrosis 
factor (TNF)-alpha, and it is the most commonly used bio-
logic medication in the treatment of ulcerative colitis. 
Clinical trials in adults with UC have demonstrated a role for 
infl iximab in the treatment of moderate to severe disease or 
corticosteroid-resistant disease [ 41 ]. Infl iximab has also 
become especially valuable as rescue therapy in the treat-
ment of acute, severe exacerbations. There is adult literature 
to suggest that infl iximab is effective in preventing or delay-
ing colectomy in UC patients with steroid-refractory disease 
[ 42 ]. However, the long-term effi cacy of infl iximab in the 
treatment of UC remains largely unknown. 

 Available pediatric data supports the use of infl iximab in 
the treatment of moderate to severe ulcerative colitis. In 
fact, in 2011, the FDA approved infl iximab to treat moder-
ately to severely active UC in children older than 6 years of 
age who have had inadequate response to conventional ther-
apy. The infl iximab dosage used in pediatric patients is 
5 mg/kg. Similar to the adult population, intravenous infu-
sions are given at 0, 2, and 6 weeks for induction. Hyams 
and colleagues recently performed a multicenter, prospec-
tive, observational cohort study of 332 pediatric patients 
with UC [ 45 ]. In this study, 61 % of patients who had failed 
intravenous corticosteroids and had been prescribed infl ix-
imab as a second- line therapy avoided colectomy at 
24 months. In addition, at 12 months and 24 months, 28 % 
and 21 % of patients were in remission and off corticoste-
roids, respectively. 

 As discussed previously, pediatric patients with ulcerative 
colitis often present with acute, severe disease, and in these 
situations, the treatment options are limited. Corticosteroids 
are considered to be fi rst-line therapy in acute, severe exacer-
bations. However, as is the case in adults, approximately 1/3 
of pediatric patients with severe UC will not have a complete 
response to corticosteroids. A recent multicenter, prospec-
tive, observational study was designed in order to evaluate 
outcomes in severe pediatric UC [ 7 ], in which pediatric 
patients hospitalized for severe UC were enrolled. The 
PUCAI, calculated on day 3 and 5 of IV corticosteroid treat-
ment, was able to predict patients who would require rescue 
therapy. Of the patients who required rescue treatment with 

infl iximab, 76 % responded and 52 % remained well 1 year 
following initiation of therapy. 

 Adalimumab, a fully humanized monoclonal anti-TNF, 
can be used in the treatment of ulcerative colitis. Generally, 
adalimumab is reserved for patients who either lose response 
or become intolerant to infl iximab. The onset of action of 
adalimumab may be slower to demonstrate effi cacy as com-
pared to infl iximab which would make it somewhat less suit-
able for the treatment of acute, severe exacerbations [ 46 ]. 
Recently, adalimumab was found to be effective in the 
 induction of remission in adult patients with moderate to 
severe UC who had failed corticosteroids and/or other immu-
nosuppressive medications [ 47 ]. There are currently no stud-
ies which examine the effi cacy of adalimumab in the 
treatment of pediatric UC patients. 

 Golimumab is the most recently approved fully human-
ized monoclonal anti-TNF for the treatment of patients with 
ulcerative colitis. Golimumab is a human anti-TNF mono-
clonal antibody-binding soluble and transmembrane TNF-α 
(therefore, the binding of TNF to its receptors, with conse-
quent activation of infl ammation, is inhibited). It is adminis-
tered subcutaneously. Since 2009, the therapy of golimumab 
has been approved for the treatment of autoimmune diseases, 
such as rheumatoid arthritis, psoriatic arthritis, and ankylos-
ing spondylitis, in Europe. In 2013 this agent gained regula-
tory approval in the USA for the treatment of refractory 
ulcerative colitis. 

 There are no currently published trials that have evalu-
ated golimumab in pediatric patients with ulcerative colitis; 
however, a recent trial was published that assessed the effi -
cacy and safety of golimumab in polyarticular pediatric 
juvenile idiopathic arthritis patients (aged 2 to <18 years) 
with active arthritis despite methotrexate for ≥3 months. 
The results of this study demonstrated that JIA patients with 
active polyarticular disease demonstrated rapid response to 
golimumab [ 48 ].  

    Other Immunosuppressive Medications 

 Cyclosporine is a potent inhibitor of the infl ammatory 
 cascade, and it has occasionally been used as salvage ther-
apy in pediatric patients with UC who do not respond to 
corticosteroids. There have been several retrospective pedi-
atric studies evaluating the effi cacy of cyclosporine in 
severe UC. However, the cohorts have been small. No pro-
spective studies have been performed in children. The 
available literature suggests that in the short term, cyclo-
sporine can effectively induce remission and obviate the 
need for immediate surgical intervention [ 5 ]. However, 
multiple studies have shown that the use of cyclosporine as 
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monotherapy in steroid- refractory UC patients is associ-
ated with high failure rates [ 49 ]. Currently, in pediatric 
patients, cyclosporine is rarely used. When cyclosporine is 
prescribed, it is prescribed in combination with an immu-
nomodulator such as 6-MP or azathioprine. As a rule, 
cyclosporine is used exclusively as a bridging therapy to 
allow 6-MP or azathioprine to become therapeutic. Because 
cyclosporine is a potent immunosuppressive agent, infec-
tions which can mimic IBD exacerbations, such as CMV, 
must be ruled out prior to initiating therapy. Also, patients 
must be monitored closely for the side effects and adverse 
events associated with cyclosporine treatment. For exam-
ple, cyclosporine is nephrotoxic and may cause irreversible 
renal insuffi ciency. 

 In some centers, tacrolimus has been utilized in pediat-
ric patients with steroid-refractory colitis. A retrospective 
analysis of a single center’s experience with tacrolimus in 
the treatment of steroid-refractory pediatric UC was 
recently published [ 50 ]. During the study period, 46 hospi-
talized patients were treated with tacrolimus. All but fi ve 
patients responded to tacrolimus therapy, and response 
was defi ned as an improvement in the PUCAI score of 
more than 20 points. Most patients were able to be dis-
charged from the hospital without undergoing colectomy. 
However, many patients experienced exacerbation of dis-
ease when transitioned to maintenance therapy, and 60 % 
still ultimately required colectomy. Tacrolimus may be 
valuable as a bridge to maintenance therapy in pediatric 
patients with steroid- refractory UC. There may also be a 
role for tacrolimus in the stabilization of acutely ill ste-
roid-refractory UC patients prior to surgery [ 50 ]. However, 
further studies are necessary before routine use can be 
recommended.  

    Surgical Care 

 At some point during the course of the illness, surgical 
removal of the colon may become a necessity for patients 
with ulcerative colitis. Because in UC the disease is limited 
to the colon, colectomy is considered a curative procedure. 
The most commonly performed procedure in children with 
UC is the ileal pouch-anal anastomosis (IPAA), which is 
performed in 2–3 stages. The rate of surgery in pediatric 
patients is higher than in the adult population. In pediatrics, 
40 % of patients require colectomy 10 years after diagnosis 
[ 51 ]. This is compared to 5–20 % of adult patients who 
require colectomy 10 years after diagnosis [ 52 ]. In chil-
dren, elective colectomy is considered when severe, medi-
cally refractory disease signifi cantly interferes with growth 

and nutrition, when symptoms prevent the patient from 
maintaining a normal lifestyle, or when dysplasia or malig-
nancy is detected. Because of the potential toxicities of 
therapy, colectomy should be considered in patients who 
will require prolonged escalation of therapy in order to 
maintain remission. Apart from elective colectomy, a 
smaller percentage of pediatric patients will require acute 
surgical intervention because of fulminant colitis refractory 
to medical therapy. 

 Pediatric patients with Crohn’s disease often present 
with isolated colonic involvement. Patients with Crohn’s 
disease who undergo IPAA often have a poor outcome. 
Therefore, it is critical to distinguish the disease type (i.e., 
Crohn’s disease versus UC) prior to surgical intervention. In 
a study performed in 151 pediatric patients with ulcerative 
colitis who underwent IPAA, 15 % were found to have 
Crohn’s disease and had poor outcomes including pouchitis 
and pouch failure [ 53 ]. The risk of reclassifi cation of infl am-
matory bowel disease, from ulcerative colitis to Crohn’s dis-
ease, varies in the literature between 2 and 15 % [ 53 – 55 ]. 
Prior to  recommending colectomy in a pediatric patient, 
imaging is often performed to exclude small bowel disease. 
In addition, IBD serology can be useful to help distinguish 
between Crohn’s disease and ulcerative colitis. If despite the 
evaluation, the disease subtype remains unclear, a tempo-
rary diverting ileostomy can be considered. While this pro-
cedure is performed rarely, it is valuable in young patients 
with indeterminate colitis.  

    Summary 

 Ulcerative colitis is common in the pediatric population. In 
children with UC, the therapeutic goal is to gain clinical 
and laboratory control of the disease with minimal adverse 
effects while permitting the patient to function as normally 
as possible. The “step-up” approach has been outlined here 
and is the most common therapeutic approach utilized; 
however, there are cases in which the “top-down” approach 
is appropriate. The treatment of pediatric patients with UC 
can be challenging, especially given the lack of pediatric 
literature describing the safety and effi cacy of ulcerative 
colitis therapies. Clearly, further prospective randomized, 
controlled trials in pediatric patients are essential. In addi-
tion, as the fi elds of genomics, metagenomics, and the 
microbiome expand, novel treatments will undoubtedly be 
developed. The goal of patient-targeted therapy may also 
become more realistic. Table  25.2  lists commonly used 
medications in treating ulcerative colitis in pediatric 
patients.
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        Background 

 Colorectal cancer (CRC) is a feared complication of chronic 
ulcerative colitis (UC). The cumulative probability of devel-
oping colorectal cancer (CRC) among persons with UC is 
signifi cantly higher than in the general population [ 1 ]. UC is 
the third highest-risk condition for colorectal cancer after 
two genetic syndromes, familial adenomatous polyposis 
syndrome (FAP) and hereditary nonpolyposis colorectal can-
cer (HNPCC) [ 2 ]. Data from a comprehensive meta-analysis 
suggest that the probability of CRC in IBD is 2 % after 10 
years of disease, 8 % after 20 years, and 18 % after 30 years 
[ 3 ,  4 ]. In comparison, the cumulative lifetime probability of 
developing CRC for the general population in the United 
States is approximately 5 % [ 3 ,  4 ]. 

 Described in terms of relative risk, UC increases the risk of 
CRC fi ve- to sixfold relative to the general population [ 1 ]. The 
risk of developing CRC increases as a greater proportion of 
the colon is involved by infl ammation [ 1 ]. Interestingly, not all 
populations of IBD patients have an increased risk of CRC. In 
a Danish population-based cohort, the risk was 0.4 % after 10 
years, 1.1 % after 20 years, and 2.1 % after 30 years of disease 
[ 5 ]. These probabilities are comparable to those of an 
American population-based cohort where the cumulative 
probability of developing CRC was 0 % at 5 years, 0.4 % at 15 
years, and 2.0 % at 25 years after a CUC diagnosis [ 6 ]. Also 

notable is that high-risk populations may be experiencing a 
reduction in cancer risk and mortality over time. A UK sur-
veillance colonoscopy cohort reported a reduction in cancer 
risk over the past 30 years (1970–2000) and quantifi ed the risk 
as a 2.5 % at 20 years, 7.6 % at 30 years, and 10.8 % after 40 
years of disease [ 7 ]. A cohort in Sweden found a still elevated, 
but declining, trend in CRC incidence and mortality over a 
35-year time period (1960–2004) [ 8 ]. 

 It is not known why the risk of CRC is lower in certain 
populations than others or if the risk of CRC and mortality 
from CRC are declining in all populations. However, these 
promising data suggest that the risk of CRC in IBD is modi-
fi able. Greater rates of proctocolectomy for medical treat-
ment failures, better rates of surveillance colonoscopy with 
 proctocolectomy for dysplasia, and fi nally greater use of 
potentially chemopreventive drugs used for IBD, vitamins, 
and other therapies used by UC patients could all be 
important factors that reduce the risk of CRC in a given 
population [ 9 ,  10 ]. 

 To mitigate the risk of colorectal cancer, many patients 
and their physicians choose to follow a diagnostic program 
of  screening  and  surveillance  colonoscopy with a goal of 
detecting dysplasia and other early neoplastic lesions at a 
curable stage [ 11 ]. The rationale for undergoing surveillance 
colonoscopy is based on the premise that determining which 
patients are likely to progress to cancer in the near term can 
be reliably predicted by the presence or absence of histologi-
cal dysplasia on colonoscopy. Surveillance colonoscopy is a 
 secondary prevention  strategy, whereby the risk of colorectal 
cancer is mitigated by either (1) identifi cation and removal of 
dysplastic polypoid tissue or (2) detection of fl at or subtle 
dysplasia followed by proctocolectomy. In other words, 
intervention occurs after dysplasia occurs. 
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 This strategy of secondary prevention is quite successful 
in colon cancer screening in the general population. However, 
dysplasia in infl ammatory bowel disease is different. There 
is greater incidence of fl at or subtle dysplasia that may be 
missed during colonoscopy, and important lesions can be 
obscured in the setting of infl ammatory polyps [ 12 ,  13 ]. 
Thus instead of relying exclusively on secondary prevention 
(detecting and intervening after dysplasia has occurred), 
there has been signifi cant interest in exploring strategies for 
primary prevention (intervening early to prevent the develop-
ment of dysplasia in the fi rst place). Chemoprevention is a 
primary prevention strategy. 

 The National Cancer Institute defi nes chemoprevention as 
the use of drugs, vitamins, or other agents to try to reduce the 
risk of or delay the development or recurrence of cancer. 
This chapter will review the relationship between drugs used 
to treat UC, vitamins, and other therapies used by UC 
patients and the risk of the development of colorectal cancer. 
This chapter will also review the most recent recommenda-
tions and guidelines from the American Gastroenterological 
Association with regard to chemoprevention.  

    Medications Used to Treat UC 

    Chronic infl ammation has a key role in the development of 
CRC in UC through years of repeated cycles of cellular dam-
age and repair. Thus, it is logical that medications used to 
treat ulcerative colitis may reduce chronic infl ammation and 
have important chemopreventive properties. 

    5-Aminosalicylates 

 There has been signifi cant attention regarding the potential 
chemopreventive properties of 5-aminosalicylates. 
5- aminosalicylates are among the oldest therapies used to 
treat ulcerative colitis. Sulfasalazine, composed of a sulfa 
moiety bonded to mesalamine, has been used in UC since the 
1940s [ 14 ]. Modern mesalamine derivatives, which lack the 
sulfa moiety (contributes to GI side effects of sulfasalazine), 
have been available and approved by the US Food and Drug 
Administration (FDA) since the late 1980s after the fi rst piv-
otal randomized control trials using these newer derivatives 
were published [ 15 ]. 

 Interest in the chemopreventive properties of 5-ASA 
agents started in the mid-1990s, coincident with publications 
that aspirin and NSAIDs reduced the risk of colorectal can-
cer in the general population. In 1991, Thun et al. published 
an observational study showing regular aspirin users had an 
approximate 40 % reduction in fatal colon cancer [ 16 ]. In 
1993, Greenberg et al. published an observational study show-
ing that aspirin users had a 48 % reduction in adenomas [ 17 ]. 

A variety of clinical and experimental studies  demonstrated 
that 5-aminosalicylates share several important antiinfl am-
matory and anticancer properties with aspirin and nonsteroi-
dal antiinfl ammatory medications (NSAIDs). These 
properties include increased apoptosis, decreased cell prolif-
eration, reduced production of oxidative radicals such as 
prostaglandins and leukotrienes, and fi nally improved cellu-
lar repair [ 18 ]. 

 The fi rst major observational population-based study 
examining the association between 5-ASA use and cancer 
risk was published in 1994 by Pinczowski et al. [ 19 ]. The 
authors conducted a nested case-control study in a popula-
tion of Swedish patients in the Uppsala region with ulcer-
ative colitis treated between 1965 and 1983. They noted that 
those who used more than 3 months of continuous sulfasala-
zine had a 60 % reduction in the risk of colorectal cancer 
compared to those with less than 3 months. It    was noted that 
most subjects used more than 3 months of continuous ther-
apy or in fact were long-term and regular users with high 
rates of adherence to sulfasalazine [ 19 ]. 

 In their study, Pinczowski et al. described the important 
next step to advance the 5-ASA hypothesis and wrote: “clini-
cal trials should be initiated in patients with inactive ulcer-
ative colitis to determine if continuous treatment with 
sulfasalazine… has an impact on dysplasia or malignant 
transformation” [ 19 ]. This statement is similar to that from 
Greenberg et al. the year prior regarding aspirin use in the 
general population and colorectal adenomas: “this study sup-
ports the hypothesis that aspirin has an anti-neoplastic effect 
in the large bowel. Nevertheless, the question of whether 
aspirin  should be used  to prevent large bowel tumors would 
be best answered by a randomized controlled clinical trial 
specifi cally designed to address this issue.” 

 This historical perspective is relevant in that a random-
ized trial of aspirin to prevent colorectal adenomas in patients 
without IBD was published a decade later and showed a 
39 % reduction in advanced neoplasia risk. For ulcerative 
colitis, no such trial has been conducted given complexities 
in design as well as sample size. Thus, the available data for 
5-ASA chemoprevention and the 5-ASA hypothesis remains 
based on experimental and human observational studies, but 
not randomized trials. These observational studies are nota-
ble for a variety of clinical designs and quality, as well as 
heterogeneous population of patients. 

 A systematic synthesis of these early trials was published 
in a meta-analysis. The pooled data supported the hypothesis 
that 5-aminosalicylates reduce the risk of colorectal neopla-
sia in patients with ulcerative colitis [ 10 ]. A total of nine 
studies (three cohort, six case-control) containing 334 cases 
of colorectal cancer, 140 cases of dysplasia, and a total of 
1,932 subjects were analyzed. Pooled analysis showed a pro-
tective association with regular 5-ASA therapy and a risk 
reduction of 49 %. This estimate is consistent with the range 
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of risk reduction observed with aspirin and nonsteroidal use 
in the general population and colorectal neoplasia risk. 

 Since then, additional studies have been published showing 
heterogeneous results. An example of two recent large- scale 
studies includes a Canadian and a French study. The Canadian 
study included 8,744 subjects with IBD who are part of the 
population-based epidemiologic database in Manitoba. The 
authors found no difference in the incidence of CRC among 
5-ASA users nor differences between cases and controls with 
regard to duration of prior 5-ASA use [ 20 ]. In contrast, a 
nested case-control study within the CESAME population-
based cohort found a 54 % reduction in CRC risk among 
5-ASA users [ 21 ]. As such, the 5-ASA hypothesis is unlikely 
to be defi nitively answered with further observational studies. 

 Thus the question is how to synthesize and apply seem-
ingly confl icting data to patient care. We can summarize 
what is known and not known and make educated guesses 
based on this information. It is known that chronic infl amma-
tion of the colon causes DNA damage and is a risk factor for 
colorectal dysplasia in ulcerative colitis [ 18 ,  22 ]. It is known 
that 5-ASA is an effective maintenance therapy for ulcerative 
colitis and has in vitro and in vivo antineoplastic effects [ 18 , 
 23 ]. It    is not proven but likely that maintenance 5-ASA ther-
apy manages remission in UC through the reduction of 
chronic infl ammation. It is known that the question of 
whether 5-ASA  should be used  to prevent large bowel tumors 
would be best answered by a randomized controlled clinical 
trial specifi cally designed to address this issue, and this is 
unlikely to occur in the near future if at all. 

 We can analyze this experimental and clinical data to pro-
vide some reasonable conclusions and also refer to the most 
recent AGA evidence ratings on this topic. For those patients 
with an indication for maintenance 5-ASA therapy, it is rea-
sonable to suggest that maintenance 5-ASA therapy may in 
fact have a secondary benefi t of reducing the risk of long- 
term dysplasia and colorectal cancer. Patients should be 
aware that this does not eliminate the need for regular sur-
veillance nor changes the recommended frequency of sur-
veillance [ 11 ]. Whether patients on immunomodulators or 
anti-TNF therapy but not on a 5-ASA therapy should have 
such therapy added is not answered with the available data. 
The AGA evidence rating for 5-ASA as a chemopreventive 
agent in UC is B (moderate certainty that the magnitude of 
net benefi ts is moderate) [ 24 ].  

    Immunomodulators 

 The class of immunomodulator agents includes azathioprine, 
its metabolite 6-mercaptopurine, and methotrexate. Given the 
lack of data for the use of methotrexate in ulcerative colitis, 
most immunomodulator use in UC and chemopreventive stud-
ies has assessed only azathioprine and 6-mercaptopurine. 

 Both azathioprine and 6-mercaptopurine do not have any 
obvious or inherent anticancer properties in colonocytes. 
The biologic effect appears to be on lymphocytes. 
Azathioprine and 6-mercaptopurine inhibit DNA and RNA 
synthesis and proliferation of lymphocytes. AZA and 6-MP 
have antineoplastic effects in certain leukemias. They have 
pro-neoplastic effects in certain lymphoproliferative tumors 
and are associated with a fourfold increased risk of non- 
Hodgkin’s lymphoma in persons with infl ammatory bowel 
disease [ 25 ]. 

 There have been at least four studies that have examined 
the association between azathioprine or 6-MP use and 
colorectal cancer risk in ulcerative colitis. One study showed 
a threefold increased risk of cancer; however, this study 
included high-risk patients for colorectal cancer who had 
primary sclerosing cholangitis and whose indication for 
azathioprine or 6-MP was posttransplant immunosuppres-
sion [ 12 ]. Of the remaining studies, two studies (one unpub-
lished [ 26 ], one published [ 27 ]) showed a 70 % reduction in 
colorectal cancer risk [ 22 ,  26 ], whereas one showed no 
effect [ 27 ]. 

 Given the lack of experimental data showing a chemopre-
ventive effect for immunomodulators, the mixed results from 
clinical data, and the elevated relative risk of lymphoma 
reported with AZA/6-MP, the AGA evidence rating for 
immunomodulator use as a chemopreventive agent in UC is 
I (no recommendation, insuffi cient evidence to recommend 
for or against) [ 24 ]. 

 As with 5-ASA, how should the above data be synthe-
sized and used clinically? Given that AZA/6-MP use has a 
specifi c role within the algorithm for management of ulcer-
ative colitis, it appears reasonable to emphasize to patients 
that the same therapy that is maintaining the ulcerative colitis 
in remission is likely having a secondary benefi t of reducing 
long-term colorectal cancer risk. It is important to again 
emphasize that the only recommended modality for reducing 
long-term colorectal cancer risk is screening and surveil-
lance colonoscopy [ 11 ]. 

    Corticosteroids and Anti-TNF Therapy 
 Two other important drug classes used in the management of 
ulcerative colitis are oral corticosteroids and anti-TNF bio-
logic therapy. Corticosteroids are effective for the short-term 
management of acute fl ares of ulcerative colitis. They are 
ineffective as long-term therapies, and most chemopreven-
tive agents need to meet the requirement of safe use on a 
long-term basis. Known long-term side effects from steroids 
include but are not limited to osteopenia, osteoporosis, 
hypertension, as well as cataracts. Nearly 20 % of patients 
with ulcerative colitis who start oral corticosteroids become 
corticosteroid dependent, meaning that they cannot taper off 
of corticosteroids [ 28 ]. It is recommended that these patients 
transition onto immune modulator therapy or anti-TNF 
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 therapy in order to achieve a durable remission off of 
 corticosteroids [ 29 ]. Thus, even if compelling data were 
available regarding a chemopreventive effect of corticoste-
roids, modern management of ulcerative colitis attempts to 
minimize long-term steroid use and steroid dependence [ 29 ]. 
The AGA evidence rating for corticosteroids for chemopre-
vention in UC is D (high certainty that the net magnitude of 
benefi t is negative) [ 24 ]. 

 Data are sparse with regard to the use of anti-TNF therapy 
and chemoprevention. The FDA approved anti-TNF therapy 
for UC in late 2006 after the publication of two pivotal ran-
domized controlled trials [ 30 ]. Longer-term data will be nec-
essary in order to specifi cally address the question regarding 
anti-TNF and chemoprevention. Accordingly, there is no 
evidence rating on the most recent AGA guidelines for anti- 
TNF therapy for chemoprevention [ 24 ].   

    Vitamins 

    Folic Acid 
 Folate is a water-soluble B vitamin that plays several impor-
tant biologic roles, including carcinogenesis. Folate defi -
ciency is associated with aberrant DNA synthesis and repair. 
There are folate-sensitive sites on genes important for carci-
nogenesis such as the p53 suppressor gene. Folate defi ciency 
in infl ammatory bowel disease can occur through a variety of 
mechanisms. These include intestinal losses, poor intake, as 
well as competitive absorption from sulfasalazine. 

 Given the consequences of folate defi ciency, there has 
been signifi cant interest in using folic acid supplementation 
as a chemopreventive agent in ulcerative colitis. At least four 
studies have assessed this relationship [ 12 ,  22 ,  31 ,  32 ]. 
Supplementation was assessed in a variety of ways. Some 
studies assessed the use of 0.4 mg per day, others 1 mg per 
day, and others any use of folic acid either as direct supple-
mentation or in the form of a multivitamin. Although all 
showed a trend toward reduction in risk ranging anywhere 
from 15 to 62 %, all failed to show statistical signifi cance 
likely due to small sample size. 

 To put these data in context, in patients without infl amma-
tory bowel disease, observational studies have noted a reduc-
tion in colorectal cancer risk after prolonged use of folic acid 
supplementation. The Nurses’ Health Study demonstrated 
no benefi t in reduction in the fi rst 4 years of use (RRR, 1.02), 
a nonsignifi cant risk reduction after 5–15 years of use (RR, 
0.80–0.83), but a markedly lower risk after 15 years of use 
   (RR, 0.25 (CI 0.13–0.51)) [ 33 ]. Given the potentially anti-
neoplastic effects of folic acid supplementation in the large 
bowel, Cole et al. conducted a randomized controlled trial 
whereby subjects were randomly assigned to receive 1 mg a 
day of folic acid or placebo [ 34 ]. The primary end point, 

the occurrence of at least one colorectal adenoma, was no 
different among the groups (44.1 % for folic acid, 42.4 % for 
placebo). However, for secondary end points, subjects in the 
folic acid group tended to have slightly higher rates of 
advanced adenomas and were more likely to have more than 
three adenomas. 

 As with therapy used to treat UC, how should the above 
data be applied? Given the known association between folate 
defi ciency and neoplasia risk and potential risk for folate 
defi ciency in patients with UC, it is reasonable to screen for 
folate defi ciency in patients with ulcerative colitis (espe-
cially those on sulfasalazine) and to supplement those who 
are defi cient. Based on extrapolation of the trial by Cole 
et al., empiric supplementation of all patients is unlikely to 
signifi cantly reduce colorectal cancer risk and may poten-
tially increase the risk of advanced neoplasia or multiple foci 
of neoplasia. The AGA evidence rating for folic acid supple-
mentation and multivitamin use for chemoprevention in UC 
is I (no recommendation, insuffi cient evidence to recom-
mend for or against) [ 24 ].    

    Drugs Other Than Those Used to Treat UC 

    Ursodeoxycholic Acid 

 Another medication that has been studied as a potential che-
mopreventive agent is ursodeoxycholic acid. Secondary bile 
acids are carcinogenic to the colon and are increased in 
patients with cholestatic liver disease. Primary sclerosing 
cholangitis (PSC) is a chronic cholestatic liver disease 
 characterized by fi brosing infl ammation and destruction of 
intrahepatic bile ducts and is an important indication for liver 
transplantation. At least 70 % of cases of PSC are associated 
with IBD, mostly UC [ 35 ]. There are no effective therapies. 
A randomized controlled trial by Lindor et al. showed that 
ursodeoxycholic at a dose of 13–15 mg/kg/day showed bio-
chemical improvement and trend toward improving time to 
progression, although this was not statistically signifi cant 
[ 36 ]. Given the lack of effective therapies, these fi ndings 
prompted investigation into the use of higher doses as a ther-
apy for PSC, and this trial was recently published. 

 Ursodeoxycholic acid is an exogenous bile acid that 
reduces the concentration of toxic secondary bile acids in the 
colon and thus an attractive candidate as a chemopreventive 
agent in patients with PSC/UC, independent of any potential 
effects in the management of PSC. This is relevant in pri-
mary sclerosing cholangitis because the risk of dysplasia and 
colorectal cancer is signifi cantly elevated [ 37 ]. As evidence, 
quite aggressive colonoscopic surveillance (every year 
and upon diagnosis of primary sclerosing cholangitis) is 
recommended [ 38 ]. 
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 Initial studies regarding the use ursodeoxycholic acid as a 
chemopreventive agent were quite promising. Two studies 
that demonstrated its use were associated with at least a sig-
nifi cant 80 % reduced risk of CRC [ 39 ,  40 ], and a third dem-
onstrated a nonsignifi cant 41 % reduced risk [ 41 ]. Among 
the favorable studies was a subgroup analysis published in 
2003 of a prospective randomized trial by Lindor. 
Accordingly, the AGA evidence rating for ursodeoxycholic 
acid for chemoprevention in UC is A (high certainty that the 
magnitude of net benefi t is substantial) [ 24 ]. 

 Since publication of these guidelines, a new study has 
raised doubts regarding the use of high-dose ursodeoxy-
cholic acid (28–30 mg/kg/day) for chemoprevention and 
for managing PSC patients in general. Lindor et al. pub-
lished the follow-up clinical trial studying high-dose urso-
deoxycholic acid in PSC with unexpected results. Patients 
in the high-dose ursodeoxycholic acid arm had a 2.3-fold 
greater rate of a negative primary end point (cirrhosis, vari-
ces, cholangiocarcinoma, liver transplantation, or death) 
and serious adverse events (63 % vs. 37 %) [ 35 ]. A sub-
group analysis published in 2011 examining colon cancer 
risk also had unexpected results. Patients who received 
high-dose ursodeoxycholic acid had a 4.4-fold increased 
risk of neoplasia (dysplasia or cancer) compared to those 
receiving placebo (95 % CI 1.3–20.01,  p  = 0.02) [ 42 ]. In 
comparison, the subgroup analysis published in 2003 from 
the low-dose UDCA clinical trial showed a 74 % reduction 
in neoplasia risk [ 40 ]. 

 A recently published subgroup analysis of a European 
RCT for high-dose UDA (defi ned as 17–23 mg/kg/day) did 
not show higher risk of colorectal neoplasia in the UDCA 
group, but defi nitely did not show a reduction in the inci-
dence of neoplasia (13 % vs. 16 %) [ 43 ]. Thus, the question 
is how to weigh and clinically resolve this discrepancy 
regarding safety and effi cacy with regard to low- and high- 
dose USDA and the elevated colorectal cancer risk in PSC/
UC. Based on these data, the American Association for the 
Study of Liver Diseases (AASLD) in their most recent prac-
tice guidelines does not endorse the routine use of UDCA as 
chemoprevention for CRC in patients with PSC/UC and do 
not distinguish between high and low dose (evidence 1B: 
strength strong, quality moderate   ). It also recommends 
against the use of UDCA as medical therapy in PSC (evi-
dence 1A: strength strong, quality high) [ 44 ]. 

    Statins 
 There is interest in assessing the potential role of statins not 
only as a chemoprotective agent in UC but also in the general 
population. Data in IBD are quite sparse. The AGA evidence 
rating for statin use for chemoprevention in UC is I (no rec-
ommendation, insuffi cient evidence to recommend for or 
against) [ 24 ].    

    Conclusion 

 The concept of chemoprevention in IBD is attractive and 
needed and promising but as of yet unproven. There is a bio-
logic rationale for several agents, yet the clinical evidence in 
many cases is mixed, with defi nitive clinical trials unlikely to 
be performed. Even so, several conclusions can be drawn 
based on extrapolation of the available data. With regard to 
drugs used to treat UC, long-term 5-ASA use and long-term 
maintenance of remission in UC are likely to yield a second-
ary benefi t of chemoprevention. Given the association 
between chronic infl ammation and neoplasia risk in UC, it 
may be that other agents used to treat UC may have a chemo-
protective effect through long-term maintenance of remis-
sion. The data do not support using a specifi c drug exclusively 
for the purpose of chemoprevention. Chronic steroid use is 
not encouraged and not relevant in the discussion of chemo-
prevention. The known carcinogenic potential of folate defi -
ciency demonstrated in experimental models alone does not 
provide suffi cient biologic rationale to supplement all 
patients with UC based on the clinical data. However, UC 
patients have risk factors for folate defi ciency, and thus it 
appears relevant and logical to screen and treat folate defi -
ciency, especially in patients on sulfasalazine. At this time, 
the AASLD does not recommend UDCA to patients with 
PSC/UC for chemoprevention. At this time, the primary 
strategy for cancer prevention in UC is that of secondary pre-
vention (regular surveillance colonoscopy). Surveillance 
guidelines should not be altered based on the use of pre-
sumptive chemopreventive agents [ 11 ].     
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     Every day in the routine care of patients with ulcerative 
 colitis, physicians are forced to consider the potential bene-
fi ts and harms of a variety of medical therapies. There are 
numerous medications that have demonstrated effi cacy for 
the treatment of ulcerative colitis, each of which has the 
potential to also cause unintended harm. Because most 
adverse events are reversible with early recognition and 
treatment, it is important for the practicing physician to be 
able to recognize and appropriately manage them. 

 This chapter will focus primarily on three categories of 
complications: infection, malignancy, and renal injury. In 
addition, we will comment briefl y on the risk of mortality 
with medical therapy. 

    Aminosalicylates 

    Infection 

 The mechanism of action of sulfasalazine and mesalamine is 
multifactorial and may to some extent cause immune 
 suppression [ 1 ], impairment of white cell adhesion [ 2 ], and 
inhibition of cytokine production [ 3 ]. However, these medi-
cations are not known to increase infection risk. For exam-
ple, a Mayo Clinic case-control study of infl ammatory bowel 
disease (IBD) patients performed 1:2 matching of 100 cases 
of opportunistic infection (OI) to controls without OI [ 4 ]. 
Mesalamine use was not associated with opportunistic infec-
tion (OR 1, 95 % CI 0.6–1.6). Similarly, mesalamine use was 
not associated with an increased risk of herpes zoster among 
a cohort of patients with IBD in the United Kingdom [ 5 ]. 
The low infectious risk may be related to the low systemic 
availability of these medications.  

    Malignancy 

 There is no known association between aminosalicylates 
and increased cancer risk. Rather, there is some evidence to 
support an association between mesalamine and decreased 
colorectal cancer risk [ 6 ,  7 ]. However, other studies have 
not found an association between mesalamine and decreased 
colorectal cancer risk [ 8 – 10 ]. Chronic colonic infl ammation 
is associated with a higher risk of colorectal cancer [ 11 ], 
and the apparent benefi t of mesalamine at reducing colorec-
tal cancer incidence may be related to greater mucosal heal-
ing. At present, the use of mesalamine solely for the purpose 
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of preventing colorectal cancer when other medications 
have completely healed the colonic mucosa is likely safe but 
of unclear benefi t.  

    Renal Injury 

 While renal disease in IBD is often thought to be caused by 
the medications used to treat it, IBD itself, irrespective of 
medication use, may be a risk factor for renal disease. 
A study of 1,529 patients (over half of whom were taking 
5-ASA medications) reported a 2.2 % annual incidence of 
renal impairment and 0.9 % incidence of chronic kidney dis-
ease (CKD), the causes of which included prerenal damage, 
nephrolithiasis, nephroangiosclerosis, focal segmental glo-
merulosclerosis, and amyloidosis [ 12 ]. Unfortunately, this 
study lacked a non-IBD control group. However, in another 
study, IBD patients who were not treated with 5-ASA had a 
50 % higher incidence of kidney injury than those receiving 
5-ASA [ 13 ]. Other studies have shown that many IBD 
patients exhibit microalbuminuria, irrespective of 5-ASA use 
[ 14 – 17 ]. Chronic nephrolithiasis, an extraintestinal compli-
cation of IBD, can also cause CKD [ 18 ]. Finally, many IBD 
patients will experience at least transient elevations of serum 
creatinine due to disease fl ares during which diarrhea, inad-
equate oral intake of fl uids, abdominal pain, nausea/vomiting, 
and fever often lead to dehydration. 

 Animal studies have shown that 5-ASA drugs may cause 
renal tubular injury [ 19 ,  20 ]. There have been at least 46 case 
reports of kidney injury, particularly interstitial nephritis and 
nephrotic syndrome, with the use of 5-ASA in IBD patients 
[ 21 ]. This is not surprising given the structural similarity of 
5-ASA (5-aminosalicylic acid) to aspirin (acetylsalicylic acid). 
There is a wealth of data, both laboratory and clinical, demon-
strating that aspirin and other nonsteroidal anti- infl ammatory 
drugs (NSAIDs) can directly cause acute and chronic kidney 
injury, including ischemic renal insuffi ciency, interstitial 
nephritis, progressive hypertensive nephropathy, minimal 
change glomerulonephropathy, and papillary necrosis, some of 
which can be acute and chronic [ 22 – 25 ]. These toxic effects 
may be dose dependent (e.g., papillary necrosis) or idiosyn-
cratic (e.g., interstitial nephritis). Combined data from the 46 
case reports of renal disease (mostly interstitial nephritis) in 
IBD patients taking 5-ASA agents showed that renal injury 
may occur at widely various time points during 5-ASA therapy, 
from 1 month to 7 years of therapy, with 43 % having nephro-
toxicity within 1 year of initiation of therapy [ 21 ]. 

 Retrospective studies specifi cally examining the associa-
tion of 5-ASA agents and kidney injury in IBD patients have 
reported confl icting results [ 13 ,  15 ,  16 ,  26 – 30 ]. One of the 
most rigorous of these studies, a nested case-control study 
using the General Practice Research Database (GPRD), 
observed an increased risk of kidney injury (defi ned as a 
combined endpoint of acute glomerulonephritis, nephritic 

syndrome, chronic glomerulonephritis, other nephritis or 
nephropathy, or acute, chronic, or unspecifi ed renal failure) 
with recent, but not current or past, 5-ASA use [ 13 ]. A review 
of over 30 studies, many of which were randomized clinical 
trials, of 5-ASA use in IBD published through 2005, in 
which serum creatinine or creatinine clearance was mea-
sured regularly showed rates of renal injury ranging from 0 
to 6 % in these patients who were treated with 5-ASA for 
1.5–48 months, thus representing highly variable estimates 
of risk [ 21 ]. Four recent randomized clinical trials of UC 
patients treated for up to 1 year with various dose and formu-
lations of 5-ASA drugs have shown low levels of renal injury, 
from 0 to 0.2 %, but this duration of treatment is still rela-
tively short [ 31 – 34 ]. 

 Thus, the risk of kidney injury with the use of 5-ASA medi-
cations is unclear at the present time. For this reason, it is dif-
fi cult to design guidelines for monitoring of serum creatinine 
levels in IBD patients receiving 5-ASA therapy. In an early 
report of renal injury among 16 patients treated with 5-ASA, 
serum creatinine levels were higher and recovery of renal 
function after withdrawal of 5-ASA was less common in those 
with more than 1 year of therapy [ 35 ]. This led the authors to 
recommend that “serum creatinine concentration should be 
measured each month for the fi rst 3 months of treatment, 
3-monthly for the remainder of the fi rst year and annually 
thereafter. The use of concurrent immunosuppressive therapy 
may necessitate extension to the period of intensive monitor-
ing.” A subsequent study also demonstrated greater recovery 
of renal function when nephrotoxicity was diagnosed within 
12 months of starting 5-ASA, but again was unable to provide 
defi nitive recommendations for timing of monitoring (or even 
whether 5-ASA use increases the risk of nephrotoxicity) [ 36 ]. 
Ultimately, there have been a wide range of recommendations 
due to a perception that the risk of renal toxicity may be quite 
low and the absence of evidence to defi ne optimal screening 
intervals [ 37 ]. Current FDA-approved prescribing instructions 
for 5-ASA products include a nonspecifi c recommendation to 
measure creatinine before initiation of therapy and intermit-
tently thereafter [ 38 – 40 ] [ 27 – 29 ]. The rationale is that: (1) 
there are no satisfactory urinary markers of early renal injury; 
(2) renal injury is often asymptomatic and when diagnosed at 
later stages may lead to irreversible damage and possibly end-
stage renal disease; and (3) detection of early renal injury in 
these patients and subsequent early withdrawal of 5-ASA 
therapy may lead to recovery of renal function.   

    Steroids 

    Infection 

 Corticosteroids are effective in treating infl ammation by 
inhibiting multiple infl ammatory genes, but the broad 
 inhibition of both innate and adaptive immune functions also 
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increases susceptibility to infection [ 41 ]. The infectious risk 
of corticosteroids in IBD has been evaluated in multiple 
population- based and single-center studies. 

 In the Mayo Clinic case-control study referred to previ-
ously [ 4 ], corticosteroid use was associated with signifi -
cantly increased odds of OI (OR 3.4, 95 % CI 1.8–6.2). In the 
multivariate analysis, the use of two or three immunosup-
pressive drugs was associated with markedly increased odds 
of OI (OR 14.5, 95 % CI 4.9–43).  Candida albicans  was the 
most common opportunistic infection in patients receiving 
only corticosteroids for immunosuppression. 

 A population-based cohort study in British Columbia 
subsequently examined the association between corticoste-
roid use and serious bacterial infections [ 42 ]. Serious infec-
tion was defi ned as bacteremia, pneumonia, osteomyelitis, 
pyelonephritis, meningitis, encephalitis, or endocarditis. 
Corticosteroid use was not associated with the composite 
outcome of serious bacterial infection (RR 1.22, 95 % CI 
0.7–2.13), but was associated with an increased risk of 
 Clostridium diffi cile  colitis (RR 2.65, 95 % CI 1.53–4.57). 

 Steroids have also been shown to increase the risk of post-
operative infections among patients with IBD. In a retrospec-
tive study of 159 patients with IBD undergoing elective 
bowel surgery, there was signifi cantly increased odds of any 
(OR 3.69, 95 % CI 1.24–10.97) and major (OR 5.54, 95 % 
CI 1.12–27.26) postoperative infectious complications [ 43 ].  

    Malignancy 

 Corticosteroids are used in some chemotherapy regimens 
because of their apoptotic effects in lymphoid cells and their 
ability to reduce symptoms from cancer-related complica-
tions. However, there are various mechanisms by which cor-
ticosteroids may play a role in oncogenesis, including 
inactivation of B and T lymphocytes, decreased expression 
of major histocompatibility class I antigen, and inhibition of 
immunosurveillance [ 44 ]. Several population-based studies 
have examined the association between corticosteroid use 
and malignancy, though these studies were not limited to 
patients with IBD. 

 A Danish population-based study compared observed and 
expected numbers of cases of non-Hodgkin’s lymphoma and 
nonmelanoma skin cancers among 59,043 patients who were 
exposed to corticosteroids [ 45 ]. Patients exposed to other 
immunosuppressive drugs were excluded from the analysis. 
Patients who received 10–14 corticosteroid prescriptions had 
an increased risk of non-Hodgkin’s lymphoma (SIR 2.68, 
95 % CI 1.16–5.29). There was also a statistically signifi cant 
association between having 15 or more corticosteroid pre-
scriptions and squamous cell (SIR 2.45, 95 % CI 1.37–4.04) 
or basal cell (SIR 1.52, 95 % CI 1.09–2.07) skin cancers. 
Similarly, a case-control study in New Hampshire found that 

after controlling for confounding by other skin cancer risk 
factors and excluding patients with organ transplant, there 
was an association between oral corticosteroid use and squa-
mous cell carcinoma (OR 2.31, 95 % CI 1.27–4.18), but not 
basal cell carcinoma (OR 1.49, 95 % CI 0.90–2.47) [ 46 ]. 

 However, the potential confounding by other immuno-
suppressant use and comorbidity raises the question of 
whether these associations were causal. Jensen et al. 
attempted to address this limitation in a 2009 population- 
based case-control study in North Jutland County, Denmark 
[ 47 ]. After adjusting for chronic diseases and other immuno-
suppressant use, there was a small statistically signifi cant 
association between oral glucocorticoid use and basal cell 
carcinoma (IRR 1.15, 95 % CI 1.07–1.25) but not squamous 
cell carcinoma, malignant melanoma, or non-Hodgkin’s 
lymphoma.   

    Thiopurine Analogues 

    Infection 

 There are multiple case reports and case series describing 
infectious complications in patients exposed to thiopurines. 
In 1989, Present et al. [ 48 ] described their 18-year experi-
ence with 6-MP in IBD and found 29 (7.4 %) cases of 
infectious complications among 396 patients. Only seven 
(1.8 %) of these cases were determined to be severe, and all 
infections resolved with treatment. “Hepatitis” was the most 
commonly reported infectious complication with a total of 
ten cases, though only one case each of hepatitis A and B 
were reported and all biochemical abnormalities resolved 
in the other cases. There were also eight cases of herpes 
zoster (including one severe encephalitis), fi ve pneumo-
nias, two liver abscesses, and one case each of disseminated 
cytomegalovirus, septic phlebitis, Q fever, and fever of 
unknown origin. 

 There    are also case reports in the literature of serious or 
fatal Epstein-Barr virus (EBV) infections in adults exposed 
to azathioprine [ 49 – 54 ]. The patients were all men ages 
19–33 years old with a diagnosis of Crohn’s disease. In 2009, 
Hagel et al. reported a case of serious EBV infection in a 
21-year-old woman with ulcerative colitis who was exposed 
to thiopurines [ 55 ]. 

 The previously described Mayo Clinic case-control study 
also found that the OR for OI among azathioprine or 
6-MP-exposed patients was 3.1 (95 % CI 1.7–5.5) [ 4 ] and 
thiopurine use was also associated with an increased risk of 
herpes zoster in the UK cohort [ 5 ]. However, other studies do 
not demonstrate an increased risk of serious infection among 
patients with IBD exposed to thiopurines. The Crohn’s 
Therapy, Resource, Evaluation, and Assessment Tool 
(TREAT) registry, a prospective multicenter study of North 
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American patients with CD, found no increased risk of  serious 
infection among patients exposed to immunomodulators (OR 
0.78, 95 % CI .52–1.8) [ 56 ]. Immunomodulator use in this 
study included both azathioprine and methotrexate. 

 In the previously described retrospective study of the risk 
of postoperative complications in 159 patients with IBD 
undergoing elective bowel surgery, there were no increased 
odds of postoperative infection (OR 1.68, 95 % CI .65–4.27) 
or major infectious complications (OR 1.20, 95 % CI 
.37–3.94) among patients exposed to thiopurines preopera-
tively [ 43 ]. 

 While the above studies mainly examined the risk of seri-
ous and opportunistic infections, Seksik et al. performed a 
prospective cohort study of 230 patients with IBD to deter-
mine the risk of less serious infections, including upper 
respiratory infections, herpes simplex virus cutaneous infec-
tions, and human papillomavirus warts [ 57 ]. When compar-
ing azathioprine-exposed versus azathioprine   -unexposed 
patients, there was a statistically signifi cant increased risk of 
herpes simplex virus (HSV) fl ares (1.0 ± 2.6 events per obser-
vation year vs. 0.2 ± 0.8 events per observation year,  p  = .04) 
and HPV warts (17.2 vs. 3.3 %,  p  = .004) but not upper respi-
ratory infections.  

    Malignancy 

    Lymphoproliferative Disorders 
 When assessing the risk of lymphoproliferative disorders 
among patients exposed to thiopurines, the fi rst question to 
address is whether there is an increased risk of lymphoma 
among patients with IBD independent of immunosuppres-
sive use [ 58 ]. The evidence based on multiple population- 
based studies suggests that the absolute risk of lymphoma in 
this population is similar to the general population [ 59 – 65 ]. 

 A 2005 meta-analysis of 6 studies in IBD patients found a 
pooled relative risk of 4.18 (95 % CI 2.07–7.51) for the risk 
of lymphoma in thiopurine users compared with nonusers 
[ 66 ]. However, fi ve of the included studies were single- 
center studies [ 67 – 71 ], and there was signifi cant heterogene-
ity. The other study included in this meta-analysis used the 
United Kingdom’s General Practice Research Database 
(GPRD) through 1997 and found that among 1,465 patients 
with IBD, there was no increased risk of lymphoma among 
patients treated with thiopurine analogues compared to 
patients who did not receive thiopurines (relative risk 1.27, 
95 % CI 0.03–8.20) [ 63 ]. Of note, there was only one case of 
lymphoproliferative disease among the 1,465 patients, spe-
cifi cally Hodgkin’s lymphoma in a patient with UC whose 
azathioprine exposure occurred 10 months prior to the lym-
phoma diagnosis. 

 A subsequent population-based study in 2010 also used 
the GPRD to perform a nested case-control study within a 

cohort of patients with IBD [ 72 ]. When defi ning  azathioprine 
exposure as a dichotomous outcome of ever used versus 
never used, the OR for the association between azathioprine 
and lymphoma risk was signifi cant at 3.22 (95 % CI 
1.01–10.18). However, when azathioprine exposure was cal-
culated as a prescription density (number of prescriptions 
per calendar year), there was no statistically signifi cant asso-
ciation between azathioprine exposure and lymphoma risk 
(OR 1.37, 95 % CI 0.79–2.40). This study did not control for 
anti-TNF exposure, but anti-TNF medication became avail-
able only in the last few years of the study. In the Cancers Et 
Surrisque Associe aux Maladies infl ammatoires intestinales 
En France (CESAME) cohort of 19,486 French patients with 
IBD enrolled between May 2004 and June 2005 with a 
median follow-up of 35 months, there were 23 new cases of 
lymphoproliferative disorder diagnosed (22 non-Hodgkin’s 
lymphoproliferative disorder and 1 Hodgkin’s lymphoma) 
[ 73 ]. There were no reported cases of hepatosplenic T-cell 
lymphoma (HSTCL). In multivariate analysis, the adjusted 
hazard ratio for the risk of lymphoproliferative disorders 
among thiopurine users compared with never users was 5.28 
(95 % CI 2.01–13.9). In addition, standardized incidence 
ratios (SIRs) were calculated to compare the risk of lympho-
proliferative disorders in patients exposed to thiopurines 
compared with the general population. They found that 
ongoing thiopurine use was associated with an increased risk 
(SIR 6.86, 95 % CI 3.84–11.31) of lymphoproliferative 
 disorders, but patients who discontinued (SIR 1.44, 95 % CI 
.17–5.20) or were never exposed to thiopurines (SIR 1.43, 
95 % CI .53–3.12) had risks similar to that of the general 
population. 

 A recent meta-analysis estimated the relative risk (RR) of 
lymphoma in patients with IBD exposed to thiopurines and 
compared RR values derived from population-based studies 
with those from referral center-based studies [ 74 ]. Also, they 
investigated whether active use increased risk compared with 
past use, and whether sex, age, or duration of use, affects risk 
of lymphoma. Overall, 18 studies (among 4,383 citations) 
met inclusion criteria. Overall, the SIR for lymphoma was 
4.49 (95 % CI, 2.81–7.17), ranging from 2.43 (95 % CI, 
1.50–3.92) in eight population studies to 9.16 (95 % CI, 
5.03–16.7) in ten referral studies. Population studies demon-
strated an increased risk among current users (SIR = 5.71; 
95 % CI, 3.72–10.1) but not former users (SIR = 1.42; 95 % 
CI, 0.86–2.34). Level of risk became signifi cant after 1 year 
of exposure. Men have a greater risk than women (RR = 2.05; 
 P  < .05); both sexes were at increased risk for lymphoma 
(SIR for men = 3.60; 95 % CI, 2.68–4.83 and SIR for 
women = 1.76, 95 % CI, 1.08–2.87). Patients younger than 
30 years had the highest RR (SIR = 6.99; CI, 2.99–16.4); 
younger men had the highest risk. The absolute risk was 
highest in patients older than 50 years (1:377 cases per 
patient   -years). The authors concluded that compared with 
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studies from referral centers, population-based studies of 
IBD patients show a lower but signifi cantly increased risk of 
lymphoma among patients taking thiopurines. The increased 
risk does not appear to persist after discontinuation of ther-
apy. The risks of lymphoma and potential benefi ts of therapy 
should be considered for all patients. 

 There is also evidence suggesting a possible association 
between Epstein-Barr virus (EBV)-positive lymphoma and 
thiopurine use. In a 2002 study [ 74 ], 18 lymphoma cases 
were identifi ed among all patients with IBD seen at the Mayo 
Clinic between 1985 and 2000. Of these 18 lymphomas, six 
occurred in thiopurine-exposed patients. Of the seven EBV- 
positive lymphomas, fi ve (71 %) were treated with thiopu-
rines. Of the 11 EBV-negative lymphomas, one (9 %) was 
exposed to thiopurines. In the CESAME cohort, 10/15 
(67 %) cases of lymphoma were EBV positive among 
patients currently using thiopurines, whereas 2/8 (25 %) 
cases of lymphoma were EBV positive among patients who 
were not using thiopurines [ 73 ]. Similarly, in a study of 44 
cases of lymphoma among 17,834 IBD cases identifi ed in 
PALGA, the Dutch national registry of histo- and cytopa-
thology, EBV status was assessed in 33 of the cases [ 75 ]. 
Thiopurine exposure was noted in 11/12 (92 %) EBV- 
positive lymphomas, compared with 4/21 (19 %) of 
 EBV- negative lymphomas.  

    Nonmelanoma Skin Cancer 
 Nonmelanoma skin cancer (NMSC) is comprised primarily 
of basal cell carcinoma and squamous cell carcinoma. 
Thiopurines are thought to increase the risk of NMSC 
through enhanced ultraviolet light tumorigenesis and per-
haps immunosuppressive effects related to human papillo-
mavirus infection [ 76 ]. Long et al. [ 77 ] examined this 
question in a large US database, in which each of 53,377 
patients with IBD were matched with three non-IBD con-
trols. The incidence of NMSC was higher in patients with 
IBD compared with controls, with an incidence of 7.33 per 
1,000 patient-years of follow-up in IBD patients compared 
with 4.47 per 1,000 patient-years in controls and an inci-
dence rate ratio of 1.64 (95 % CI 1.51–1.78). The authors 
also reported the results of a nested case-control study that 
found that thiopurine use within the previous 90 days was 
associated with an increased risk of NMSC with an adjusted 
odds ratio of 3.56 (95 % CI 2.81–4.50). 

 In the CESAME cohort, the crude incidence rates of 
NMSC ranged from 0.66 per 1,000 patient-years in current 
thiopurine users less than age 50 to 4.04 cases per 1,000 
patient-years in current thiopurine users over the age of 65. 
There was an increased risk of NMSC in patients with ongo-
ing thiopurine use (HR 5.9, 95 % CI 2.1–16.4) as well as 
previous thiopurine users (HR 3.9, 95 % CI 1.3–12.1) [ 78 ]. 

 In contrast, a study using the University of Manitoba 
IBD Epidemiology Database found an increased risk of 

squamous cell carcinoma of the skin (HR 5.4, 95 % CI 
2–14.56), but no increased risk of basal cell carcinoma (HR 
1.12, 95 % CI 0.68–1.85) or NMSC overall (HR 1.31, 95 % 
CI 0.85–2.03) [ 79 ]. Furthermore, a study in a Dutch database 
of 2,887 patients with IBD and a follow-up of 18,663 person-
years found no increased risk of NMSC among thiopurine 
users [ 80 ]. The incidence rate was 4.4 per 1,000 patient-
years in thiopurine users compared with 4.7 per 1,000 per-
son-years in nonusers, and a Cox proportional hazard 
regression analysis found no association between thiopurine 
use and NMSC risk after adjusting for confounders. They 
attributed their lower incidence of NMSC compared with the 
Long et al. study partly to a more strict defi nition of thiopu-
rine exposure. Similarly, the nested case-control study of 
patients with IBD in the GPRD discussed earlier found no 
increased risk of nonmelanoma skin cancer among patients 
when comparing thiopurine-exposed to unexposed patients 
(OR 0.99, 95 % CI .35–2.81) [ 72 ]. 

 Trying to put these discordant fi ndings into context is 
challenging. NMSC is not routinely reported to many can-
cer databases and may not be routinely recorded in the elec-
tronic medical records or claims data. The CESAME and 
Manitoba studies were unique in that they used pathology 
reports to determine the cancer type and did not rely exclu-
sively on claims data to identify NMSC. Geography may 
also be important since sun exposure is an important risk 
factor for NMSC. Thus, the lack of an association in the 
Dutch and British studies may refl ect lower rates of sun 
exposure. Regardless, there is currently suffi cient evidence 
that thiopurines may increase the risk of NMSC and that 
regular use of sunblock may reduce this risk. As such, sun-
block should be widely recommended for patients treated 
with thiopurines and frequent dermatologic evaluations 
should be considered as well.  

    Other Malignancies 
 Several single-center studies reporting their experience with 
long-term thiopurine treatment demonstrate no patterns of 
increased risk of other malignancies. A study from St. Mark’s 
Hospital in London reported 31 cancer cases among 755 
patients with IBD who were treated with azathioprine 
between 1962 and 1991. This incidence rate was not signifi -
cantly higher than that in the general population (SIR 1.27). 
A New Zealand center performed a long-term follow-up of 
2,204 patients with IBD, of which 626 had used azathio-
prine, and reported similar results with malignancies diag-
nosed in 4.5 % of azathioprine-exposed and 4.5 % of 
azathioprine-unexposed patients [ 69 ]. 

 In the nested case-control study in GPRD discussed 
above, Armstrong et al. [ 72 ] identifi ed 392 cancers among 
15,471 patients with IBD. In addition to the lymphoma and 
NMSC discussed earlier, these malignancies included 36 
breast cancers, 139 gastrointestinal malignancies and 38 
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lung cancers. After adjusting for age and smoking, 
 azathioprine use was not associated with an increased risk of 
malignancy overall (OR 1.08, 95 % CI 0.78–1.51), breast 
(OR 0.47, 95 % CI .11–1.97), gastrointestinal (OR 0.68, 
95 % CI .35–1.29), or lung (OR 0.96, 95 % CI 0.29–3.13) 
cancers.    

    Biologics 

    Infection 

 In a Mayo Clinic case series of 500 consecutive patients with 
CD treated with infl iximab between the years 1998 and 
2002, there were 48 infections, 41 (8.2 %) of which were 
thought to be related to infl iximab use [ 81 ]. 20 of these infec-
tions were considered to be serious and included eight with 
sepsis (all fatal), 8 pneumonias (2 fatal), 6 viral infections, 2 
abdominal abscesses requiring surgery, 1 cellulitis, and 1 
histoplasmosis. However, the uncontrolled nature of these 
data prevented drawing strong conclusions on whether inf-
liximab increased the risk of infection. 

 In a Mayo Clinic case-control study [ 4 ] evaluating risk 
factors for OI among patients with IBD, the univariate anal-
ysis detected an association between infl iximab use and OI 
(OR 4.4, 95 % CI 1.2–17.1). The multivariate analysis 
demonstrated that the use of any immunosuppressive (cor-
ticosteroid, thiopurine, or infl iximab) had an OR of 2.9 
(95 % CI 1.5–5.3), but use of 2 or more immunosuppres-
sants resulted in an OR of 14.5 (95 % CI 4.9–43). In the 
multivariable Cox proportional hazards regression model 
using the TREAT registry data, there was a statistically sig-
nifi cant association between infl iximab exposure in the 
prior 6 months and serious infection (HR 1.43, 95 % CI 
1.11–1.84) [ 82 ]. 

 However, there are other studies demonstrating no signifi -
cant association between infl iximab use and serious infec-
tion in patients with IBD. A population-based cohort in 
British Columbia found no association between infl iximab 
use and serious bacterial infection including  Clostridium dif-
fi cile  [ 42 ]. Using safety data from 21 randomized controlled 
trials of anti-TNF in the treatment of Crohn’s disease, Peyrin- 
Biroulet performed a meta-analysis to assess risk of serious 
infection [ 83 ]. There was no signifi cant difference in the fre-
quency of serious infection in patients randomized to anti- 
TNF therapy versus placebo (2.09 vs. 2.13 %). There are 
several possible interpretations of these data. One possibility 
is that there is truly no increased risk of serious infections 
among patients treated with anti-TNF therapy for Crohn’s 
disease. An alternate interpretation is that any increased risk 
of medication-related infection is counterbalanced by a 
reduction in disease-related infections, such as intra- 
abdominal abscess. 

 Despite mixed results from the population and registry 
data regarding the association between anti-TNF use and 
serious infections, case reports have demonstrated evidence 
of reactivation of latent tuberculosis (TB) among patients 
exposed to these medications. Infl iximab was fi rst approved 
by the FDA in 1998. By May 2001, 70 cases of tuberculosis 
infections had been reported among patients exposed to inf-
liximab [ 84 ]. The publication of these fi ndings led to the rec-
ommendation for screening for latent and active tuberculosis 
prior to starting anti-TNF therapy. The American College of 
Gastroenterology (ACG) recommends screening with a clin-
ical history to assess TB risk factors, physical exam, intra-
dermal purifi ed protein derivative (PPD) tuberculin skin test 
(TST), and a chest x-ray prior to initiation of anti-TNF ther-
apy [ 85 ]. However, because a high prevalence of anergy to 
the TST has been demonstrated among patients with IBD 
[ 86 ], the ACG guidelines suggest that physicians consider 
using the QuantiFERON-TB Gold assay in patients with pre-
vious BCG vaccination or who are using concomitant 
immunosuppressants. 

 There are also case reports of reactivation of chronic 
hepatitis B in patients with IBD receiving infl iximab [ 87 ]. 
As a result, the ACG recommends vaccination for patients 
at risk for hepatitis B virus prior to initiation of anti-TNF 
therapy [ 85 ]. 

 Case reports have also demonstrated the risk of infection 
with endemic fungal infection among patients receiving anti- 
TNF therapy, with  Histoplasma capsulatum  being the most 
commonly reported [ 88 ]. Furthermore, these infections often 
appear as disseminated disease. As a result, the FDA issued 
a black box warning in 2008 to increase awareness of the risk 
of endemic fungal infection among patients exposed to TNF- 
alpha inhibitor therapy [ 89 ]. 

 There are extremely limited data comparing the risk of 
infection with different anti-TNF therapies. A recent cohort 
study among patients with rheumatoid arthritis identifi ed a 
higher risk of serious infections among patients treated with 
infl iximab compared to other anti-TNF therapies [ 90 ]. As 
more data on anti-TNF therapy for IBD becomes available, 
similar analyses will be warranted in this population.  

    Malignancy 

    Lymphoproliferative Disorders 
 It is diffi cult to estimate the risk of lymphoma from anti-TNF 
use in infl ammatory bowel disease because of confounding 
factors, including concomitant immunosuppressive medica-
tion exposure and disease severity. 

 In the randomized controlled trials studying the use of inf-
liximab, adalimumab, and certolizumab for induction and 
maintenance in both ulcerative colitis and Crohn’s disease, 
there was only one reported case of lymphoma (Table  27.1 ).
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   Population-based cohort studies of anti-TNF-exposed 
patients reveal a mixed picture in terms of the lymphoma 
risk. In a Swedish population-based cohort study of 
Stockholm County patients with IBD exposed to infl iximab 
between 1999 and 2001, there were three cases of lym-
phoma, all in patients with CD. Two cases were fatal. The 
incidence of lymphoma in the study population was 1.5 % 
compared with a 0.015 % incidence in the general Swedish 
population [ 109 ]. On the other hand, there were no reported 
cases of lymphoma in a population-based cohort of 651 
Danish patients with IBD exposed to infl iximab between 
1999 and 2005 [ 110 ]. 

 In the 6,273-patient TREAT registry, which included 
3,420 patients exposed to infl iximab, there was no signifi cant 
difference in the rate of lymphoma in infl iximab-exposed 
(0.05 per 100 patient-years) versus unexposed (0.06 per 100 
patient-years) patients (RR 0.80, 95 % CI 0.31–2.07) [ 111 ]. 

 As mentioned previously, it is diffi cult to assess the lym-
phoma risk attributed directly to anti-TNF use because of 
confounding by disease severity and present or past exposure 

to concomitant immunosuppressants. In the CESAME cohort, 
the risk for lymphoproliferative disorders was markedly 
increased among patients receiving ongoing combination 
therapy with a thiopurine analogue and anti-TNF therapy 
compared to the general population (SIR 10.2, 95 % CI 1
.24–36.9) [ 73 ]. Another recent retrospective cohort study 
compared patients in the Kaiser Permanente IBD registry to 
the general Kaiser population. Of the patients exposed to 
thiopurine or anti-TNF therapy, only 3 % were exposed only 
to anti-TNF therapy, and 16 % were exposed to both medica-
tions. The SIRR among patients with current anti-TNF expo-
sure (with or without thiopurine exposure) was 4.4 (95 % CI 
3.4–5.4), while the SIRR for patients currently receiving both 
anti-TNF and thiopurines was 6.6 (95 % CI 4.4–8.8) [ 112 ]. 
These data suggest a possible further increased risk of lym-
phoma with combination thiopurine and anti-TNF therapy. 

 A recent study however is contradictory. Using    The 
TREAT registry, a prospective, observational, multicenter 
long-term registry of 6,273 patients with Crohn’s disease 
evaluated the clinical safety outcomes of various treatment 

   Table 27.1    Randomized controlled trials studying the use of infl iximab, adalimumab, and certolizumab for induction and maintenance in both 
ulcerative colitis and Crohn’s disease   

 Study  Drug  Population 
 Number of 
patients  Follow-up (wks) 

 Number of 
lymphoma cases 

 Number of other 
malignancies 

 Targan [ 91 ]  IFX  CD (I)   83  12  0  0 
 Present [ 92 ]  IFX  Fistulizing CD (I)   63  N/R (at least 18)  0  0 
 Rutgeerts [ 93 ]  IFX  CD (M)   73  48  1 a   0 
 Hanauer [ 94 ]  IFX  CD (M)  573  54  1 a   5 b  
 Sands [ 95 ]  IFX  Fistulizing CD (M)  282  54  0  2 c  
 Rutgeerts [ 96 ]  IFX  UC (I, M)  243 (ACT 1)  54 (ACT 1)  0  3 (ACT 1) d  

 2 (ACT 2) e   241 (ACT 2)  30 (ACT 2) 
 Hanauer [ 97 ]  ADA  CD (I)  225   4  0  0 
 Colombel [ 98 ]  ADA  CD (M)  517  56  0  1 f  
 Sandborn [ 99 ]  ADA  CD (M)  241  56  0  0 
 Sandborn [ 100 ]  ADA  CD (I)  159   4  0  0 
 Colombel [ 101 ]  ADA  Fistulizing CD (I)   70  56  0  0 
 Reinisch [ 102 ]  ADA  UC (I)  260   8  0  0 
 Schreiber [ 103 ]  CTZ  CD (I)  219  12  0  0 
 Sandborn [ 104 ]  CTZ  CD (I)  331  26  0  2 g  
 Schreiber [ 105 ]  CTZ  CD (M)  215  26  0  0 
 Lichtenstein [ 106 ]  CTZ  CD (M)  141  54  0  1 h  
 Sandborn [ 107 ]  CTZ  CD (I)  868  26  0  1 i  
 Sandborn [ 108 ]  CTZ  CD (I)  223   6  0  1 j  

   ADA  adalimumab,  CD  Crohn’s disease,  CTZ  certolizumab,  I  induction,  IFX  infl iximab,  M  maintenance,  UC  ulcerative colitis 
  a Intravascular duodenal B-cell lymphoma in a 61-year-old man with a 30-year history of CD (same patient) 
  b Epithelial cell skin cancer, basal cell carcinoma, hypernephroma, breast, bladder 
  c Rectal 
  d Prostate cancer, basal cell carcinoma, colon dysplasia 
  e Basal cell carcinoma, rectal adenocarcinoma 
  f Breast 
  g Rectal, lung 
  h Small bowel carcinoma 
  i Squamous cell skin carcinoma 
  j Metastatic adenocarcinoma with history of breast cancer prior to treatment  
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regimens, including infl iximab. Multivariate Cox regression 
analysis demonstrated that baseline age (hazard ratio 
(HR) = 1.59/10 years;  P  < 0.001), disease duration 
(HR = 1.64/10 years;  P  = 0.012), and smoking (HR = 1.38; 
 P  = 0.045) but neither immunosuppressive therapy alone 
(HR = 1.43;  P  = 0.11), infl iximab therapy alone (HR = 0.59; 
 P  = 0.16), nor their combination (HR = 1.22,  P  = 0.34) was 
independently associated with the risk of malignancy. When 
compared with the general population, no signifi cant increase 
in incidence was observed in any  malignancy category. In 
an exposure-based analysis, the use of immunosuppres-
sants alone (odds ratio = 4.19) or in  combination with inf-
liximab (3.33) seemed to be associated with a numerically, 
but not signifi cantly, greater risk of malignancy than did 
treatment with infl iximab alone (1.96) relative to treatment 
with neither. Thus, the authors noted that in the TREAT 
registry, age, disease duration, and smoking were indepen-
dently associated with increased risk of malignancy. 
Although results for immunosuppressant use were equivo-
cal, no signifi cant association between malignancy and inf-
liximab was observed.  

    Hepatosplenic T-Cell Lymphoma 
 Hepatosplenic T-cell lymphoma (HSTCL) is a rare and 
aggressive peripheral T-cell lymphoma characterized by 
hepatomegaly, splenomegaly, and thrombocytopenia. The 
disease primarily affects young males, with a median age 
of diagnosis of 35 and a median survival time of 16 
months despite consolidative or salvage high-dose chemo-
therapy [ 113 ]. A systematic review of published articles and 
abstracts, pharmaceutical company records, and the 
Medwatch Adverse Event Reporting System of the FDA 
identifi ed 36 reported cases of hepatosplenic T-cell lymphoma 
in IBD patients [ 114 ]. The cases were predominantly 
male patients (80.5 %) with Crohn’s disease (72 %). These 
patients were all exposed to thiopurines. Of the 30 cases 
with information on the timing of therapy, 93 % were 
exposed to thiopurines for at least 2 years prior to the diag-
nosis of HSTCL. Of the 36 cases, 20 patients (55.5 %) had 
received infl iximab in combination with a thiopurine. Three 
of those 20 patients had received both infl iximab and adali-
mumab prior to the diagnosis, and one patient had exposure 
to infl iximab, adalimumab, and natalizumab. As a result of 
the above cases, the black box warning for azathioprine, 
6- mercaptopurine, infl iximab, and adalimumab all warn of 
an increased risk of malignancy and specifi cally reference 
the reports of HSTCL among patients exposed to these 
medications.  

    Other Malignancies 
 Two large single centers found a low risk of non-lymphoma 
malignancies in patients exposed to infl iximab. In the Mayo 
Clinic experience of 500 consecutive patients, there were 7 

non-lymphoma malignancies reported, of which 2 (both lung 
cancers) were attributed to infl iximab exposure [ 81 ]. 
A Belgian center followed 734 patients with IBD exposed to 
infl iximab and 666 IBD patients unexposed to infl iximab for 
a median of 58 months and found no difference in the risk of 
malignancy (OR 0.97, 95 % CI 0.56–1.65) [ 115 ]. 

 Similarly, population-based cohorts have also reported 
low rates of malignancies. In the Swedish [ 109 ] population- 
based cohorts of infl iximab-exposed patients with IBD dis-
cussed previously, there were no cases of non-lymphoma 
malignancies. In the Danish [ 110 ] population-based cohort, 
there were four cases of cancer (melanoma, ovarian, 
 esophageal, and rectal), but 5.9 were expected, with an SIR 
of 0.7 (95 % CI 0.2–1.7). 

 While the above studies assessed the risk of malignan-
cies overall, a previously discussed case-control study 
using an administrative database specifi cally assessed the 
risk of nonmelanoma skin cancers in patients with IBD 
[ 77 ]. After adjusting for other medication use, they found 
that adalimumab or infl iximab use was associated with an 
increased risk of nonmelanoma skin cancer (OR 2.18, 95 % 
CI 1.07–4.46). 

 At least one meta-analysis of placebo-controlled trials of 
anti-TNF therapy for rheumatoid arthritis identifi ed an 
increased risk of malignancy in the anti-TNF-treated patients 
[ 116 ]. However, other meta-analyses have not confi rmed 
these fi ndings, and no increased risk of cancer was observed 
in the placebo-controlled trials of anti-TNF therapies for 
Crohn’s disease [ 83 ].    

    Cyclosporine 

    Infection 

 Infections have been reported in patients with IBD treated 
with cyclosporine (CsA). Since CsA is indicated in the treat-
ment of severe UC [ 117 ], and patients who respond to intra-
venous CsA are then treated with outpatient oral therapy 
while initiating another immunosuppressive agent, the com-
bination immunosuppression likely increases this risk of 
infection. 

 In the original randomized controlled trial assessing the 
effi cacy of CsA for severe ulcerative colitis, 11 patients were 
followed until hospital discharge or colectomy, and no infec-
tions were reported [ 117 ]. However, in a larger chart review 
of 111 patients with IBD treated with CsA, 25 infections 
were reported in 23 (20 %) patients [ 118 ]. 16 (73 %) were 
mild infections, and 7 infections were determined to be seri-
ous. These included one case of  Pneumocystis jiroveci  
 ( carinii ) pneumonia and three cases of catheter-related sep-
sis. Another retrospective chart review was performed in 86 
Belgian patients with IBD treated with CsA between 1992 
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and 2000 with a mean follow-up of 773 days [ 119 ]. Infections 
were reported in 16 (18.6 %) patients. Three (3.5 %) died of 
opportunistic infections (one case of  Pneumocystis jiroveci  
pneumonia and two cases of  Aspergillus fumigatus  pneumo-
nia). There were eight cases of catheter-related sepsis, and 
two cases of anal abscess. The several cases of  Pneumocystis 
jiroveci  reported in these case series are noteworthy as this is 
an uncommon complication of other medical therapies for 
ulcerative colitis. As such, routine prophylaxis against 
Pneumocystis pneumonia is often used for patients treated 
with CsA.  

    Lymphoma 

 Estimating the risk of lymphoma associated with CsA use in 
IBD is limited by the small number of patients exposed to 
these drugs and confounding by concomitant immunosup-
pressive use. 

 The    organ transplant literature provides the most infor-
mation relating to CsA and lymphoma risk. The largest 
study that estimated lymphoma risk of CsA in an organ 
transplant population comes from the Collaborative 
Transplant Study database, an international database of 
solid organ transplant patients [ 120 ]. Among cadaver kid-
ney transplant recipients, the relative risk of lymphoma was 
higher among patients exposed CsA compared with a nor-
mal population matched by age, sex, and geographic region, 
but this relative risk was not signifi cantly different than the 
relative risk of lymphoma in kidney transplant patients 
treated with steroids and azathioprine (RR 12.7 vs. 14.3, 
 p -value 0.91). A 1998 study examined the outcomes of dif-
ferent CsA doses by randomizing 231 patients 1-year post 
kidney transplant to normal- or low-dose CsA. After a 
66-month follow-up period, four lymphoproliferative disor-
ders were diagnosed, three of which occurred in the normal-
dose group and one in the low-dose group [ 121 ]. In 1989, 
Cockburn and Krupp [ 122 ] detailed the malignancies 
including lymphoma or other lymphoproliferative disease 
reported to the Sandoz Drug Monitoring Center. There were 
186 neoplasms among CsA recipients reported, and the 
largest percentage of malignancies reported were lympho-
mas or leukemia (29 %). They also reported the results of 
postmarketing surveillance of 4,040 renal transplant recipi-
ents who received at least one dose of CsA. These patients 
were followed for up to 7 years, and the lymphoma risk was 
estimated to be 28 times that of the normal population. 

 In the IBD literature, there are at least three cases of non- 
Hodgkin’s lymphoma reported among CsA-exposed patients. 
In a retrospective study of 782 patients with IBD followed at 
St. James’s Hospital in Dublin from 1990 to 1999, there were 
four cases of non-Hodgkin’s lymphoma [ 71 ]. The patients 
were all exposed to immunosuppressants, and one of these 

patients had received 5 months of methotrexate followed by 
12 months of CsA prior to a colectomy that revealed diffuse 
large B-cell lymphoma. A case of rectal diffuse large B-cell 
lymphoma was reported in a patient with UC and pyoderma 
gangrenosum treated with 4 years of CsA and low-dose 
prednisone [ 123 ]. Another patient with UC treated with 
exposure to prednisone, CsA, 6-mercaptopurine, and infl ix-
imab developed an EBV-positive non-Hodgkin’s lymphoma 
of the ileal pouch [ 124 ].  

    Other Malignancy 

 Skin cancer appears to be the most frequent malignancy 
other than lymphoproliferative disease reported among users 
of CsA. Again, this evidence comes largely from the derma-
tologic and transplant literature. Cockburn and Krupp [ 122 ] 
reported that of the 186 neoplasms reported by 1989 to the 
Sandoz Drug Monitoring Center for CsA, 58 (39 %) were 
skin cancers. Among these cases, Kaposi’s sarcoma was the 
most commonly reported skin cancer (45 %), followed by 
basal cell (29 %) and squamous cell skin cancer (26 %). 
Cockburn [ 122 ] also studied the malignancies reported 
among 4,040 renal transplant patients who received CsA and 
were followed post transplant. They estimated the risk of 
skin cancer in this population to be seven times that of the 
normal population. 

 The major difference between CsA treatment for trans-
plant recipients and patients with ulcerative colitis is the dura-
tion of therapy. While there is clear evidence of an increased 
risk of malignancy among transplant recipients, it is diffi cult 
to quantitatively translate this for patients with ulcerative 
colitis who typically receive less than 6 months of therapy. 
Nonetheless, because the risk of cancer appears to be corre-
lated with the degree of immunosuppression, there is a ratio-
nale to try to minimize the period of time that patients are 
simultaneously treated with CsA, steroids, and thiopurines.  

    Renal Injury 

 Nephrotoxicity due to CsA is well defi ned in the solid organ 
transplantation population, including kidney, liver, heart, and 
lung transplants [ 125 – 128 ]. CsA can cause both acute and 
chronic kidney injury [ 126 – 129 ]. CsA is thought to cause 
acute kidney injury (AKI) by reducing renal blood fl ow due 
to vasoconstriction of the afferent arteriole, thus leading to a 
decrease in the glomerular fi ltration rate and an increase in 
the serum creatinine. The vasoconstriction is thought to be 
mediated by a number of factors, including endothelin, 
thromboxane A2, inhibition of nitric oxide synthase, and 
activation of the sympathetic nervous system [ 130 ]. 
Fortunately, this form of nephrotoxicity is reversible and 

27 Safety Considerations in the Medical Therapy of Ulcerative Colitis



306

often appears to be associated with the dose of CsA used. 
CsA therapy can also lead to CKD by causing interstitial 
fi brosis and tubular nephropathy, which tends to develop 
after 6–12 months of therapy. It is thought that intrarenal 
activation of the renin-angiotensin system may play a role in 
the development of CsA-induced CKD [ 131 ]. Unfortunately, 
this form of nephrotoxicity is not reversible and constitutes 
the major limitation of the use of CsA in the transplantation 
population. 

 In contrast to the transplantation world, nephrotoxicity 
due to CsA in the IBD population is less well described. In 
IBD, CsA is used most often to induce remission in patients 
with severely active ulcerative colitis. In the acute setting, 
three randomized controlled trials of intravenous (IV) CsA 
for induction of remission in patients with severely active 
ulcerative colitis have been published [ 117 ,  132 ,  133 ]. The 
fi rst study, by Lichtiger et al., in which 20 patients refractory 
to IV corticosteroids were treated with IV CsA or placebo, 
found that none of the patients had nephrotoxicity [ 117 ]. The 
second study, by D’Haens et al., comparing IV CsA to IV 
corticosteroids in 30 patients, reported a signifi cant decrease 
in renal function, as measured by inulin clearance, after 8 
days of CsA treatment; however, renal function returned to 
normal in these patients after CsA was discontinued [ 132 ]. 
Of note, patients treated with corticosteroids did not experi-
ence a reduction in renal function. The third study, by Van 
Assche et al., compared the effi cacy of IV CsA at daily doses 
of 4 mg/kg versus 2 mg/kg in 73 patients and observed an 
increase in serum creatinine of 10 % or more in 18 % of 
patients treated with 4 mg/kg and 17 % of patients treated 
with 2 mg/kg; of note, no patient had a serum creatinine 
increase of 30 % or greater [ 133 ]. 

 While these data in the acute setting are useful, patients 
treated with IV CsA for 7–14 days then remain on oral CsA 
typically at 8 mg/kg daily (with dose adjustment to maintain 
trough serum levels of 150–300 ng/mL) after hospital dis-
charge for 3–9 months while bridging to thiopurine therapy 
and weaning corticosteroids. Long-term retrospective fol-
low- up data of UC patients treated with CsA at tertiary care 
medical centers represent the best information we have to 
date regarding the nephrotoxicity of CsA in IBD patients. At 
least fi ve such long-term outcome series have been published 
[ 118 ,  119 ,  134 – 136 ]. Cohen et al. found that none of the 42 
patients followed for up to 5.5 years had renal toxicity [ 134 ]. 
Arts et al. reported that only 6 % of the 86 patients treated 
with CsA and followed for a mean of 2.1 years developed 
renal insuffi ciency, defi ned as an increase in serum creati-
nine of at least 20 %, most of which occurred during the IV 
phase [ 119 ]. In a study by Campbell et al., of the 76 patients 
followed for a median of 2.9 years, only one had to discon-
tinue the use of CsA due to renal toxicity [ 135 ]. Moskovitz 
et al. retrospectively followed 142 patients for up to 7 years 
and observed that only 3.5 % developed renal toxicity [ 136 ]. 

Finally, Sternthal et al. found that of the 111 patients treated 
with CsA for a mean of 9.3 months, 5.4 % had to discontinue 
CsA due to major nephrotoxicity, defi ned as serum creati-
nine of ≥1.4 mg/dL or an increase of at least 33 % from base-
line not responding to dose adjustment, while 19 % developed 
minor nephrotoxicity, defi ned as above but with return to 
normal serum creatinine after dose adjustment [ 118 ]. Thus, 
overall the available data in the IV inpatient and oral outpa-
tient setting indicate that the risk of major nephrotoxicity 
with CsA use is low and that minor nephrotoxicity, which 
may occur more frequently in the IV inpatient phase, is often 
reversible with dose adjustment. It is likely that the higher 
incidence of CsA-induced nephrotoxicity in the transplanta-
tion population compared to the IBD population is due to the 
long-term use of CsA in transplant recipients who remain on 
CsA for years, in contrast to the 3–9 months of CsA therapy 
for IBD patients. 

 Risk factors for CsA-induced nephrotoxicity in IBD 
patients are unknown. However, in renal transplantation 
patients, risk factors for the development of CsA-induced 
CKD include: the number of CsA-induced episodes of AKI, 
the number of unexplained episodes of AKI, CsA trough 
level, primary renal function, and the number of nephrotoxic 
drugs [ 137 ]. With respect to monitoring of serum creatinine 
in UC patients treated with CsA, no specifi c guidelines exist. 
During inpatient IV therapy, serum creatinine is generally 
measured at least every other day, while during outpatient 
long-term oral therapy, serum creatinine is often checked 
weekly for 1 month and at least monthly thereafter and also 
rechecked 1 week after each dose adjustment of CsA [ 118 ]. 
With respect to monitoring of CsA levels, these levels are 
generally checked at least every other day during the IV 
phase with a target level of 250–450 ng/ml, whereas they are 
usually checked weekly for 1 month and at least monthly 
thereafter and also rechecked 1 week after each dose adjust-
ment of CsA during the oral phase with a target level of 
 150–300 ng/mL [ 117 ,  118 ,  133 – 135 ].   

    Risk of Death with Medical Therapy 

 The prior discussion has focused on a variety of rare adverse 
events. However, the potential for patients to die as a result 
of these complications is one of the major reasons that both 
patients and physicians are cautious about using potent 
immunosuppressive therapies. This question is further com-
plicated because colectomy represents a “pseudocure” for 
ulcerative colitis. In a recent study among patients hospital-
ized with ulcerative colitis in the United Kingdom, those 
who underwent an elective colectomy had a very low rate of 
perioperative mortality and subsequently had a life expec-
tancy comparable to that of the general population [ 138 ]. 
Patients who underwent an emergency colectomy had a 
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higher rate of perioperative mortality but also had a 
 subsequent survival that was comparable to the general pop-
ulation. In contrast, those patients who were hospitalized for 
ulcerative colitis and received medical rather than surgical 
therapy had a progressive decline in relative survival com-
pared to the general population. While this study did not 
examine the medical therapies that were employed after dis-
charge from the hospital, another study of ulcerative colitis 
patients in the United Kingdom demonstrated that cortico-
steroid therapy, but not thiopurine therapy, was associated 
with an increased risk of death [ 139 ]. Interestingly, a study 
based in Kaiser Permanente Northern California found that 
in recent years there had been a trend to lower surgery rates 
and higher rates of long-term steroid use [ 140 ]. 

 Interpretation of such data needs to consider the full ther-
apeutic armamentarium available to patients with ulcerative 
colitis. Were steroids the only available therapy, their effi -
cacy would almost certainly outweigh any potential compli-
cations of therapy. However, in the current era, prolonged 
steroid therapy is likely a sign of inadequately controlled 
disease, and it is this which likely leads to the increased mor-
tality observed in the UK studies. Of note, there are very 
limited data on the risk of death with anti-TNF therapies for 
ulcerative colitis. A prior meta-analysis of placebo- controlled 
trials demonstrated no increased risk of mortality in patients 
with Crohn’s disease who were treated with anti-TNF thera-
pies [ 141 ]. It is likely that the same would apply to ulcerative 
colitis. However, the risks of anti-TNF therapy must be con-
sidered against the option of surgery and must also account 
for the possibility that ulcerative colitis surgical complica-
tions may be more common in patients who have recently 
been treated with anti-TNF therapies [ 142 – 145 ].  

    Conclusions 

 The introduction of novel therapies has made the manage-
ment of ulcerative colitis more complicated. At present, the 
benefi t to harm profi le of all currently available therapies 
for ulcerative colitis appears generally favorable with the 
exception of long-term steroids. We can anticipate that 
even more medical therapies will be approved in the com-
ing years, further complicating treatment algorithms. 
Patients and physicians both hope that newly developed 
therapies will have clearly favorable balance of benefi t to 
risk. Almost certainly, most of these new therapies will be 
associated with some unique adverse events, and over the 
course of several years, we will learn how to best optimize 
the use of the new therapies. As the choice of therapies 
becomes more complex, there will be greater need for clini-
cians to be able to personalize treatment regimens such that 
patients receive the therapy that maximizes the balance of 
potential benefi ts and harms.     
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        Background 

 Corticosteroids remain an effective therapy for inducing 
remission in patients with ulcerative colitis (UC); however, 
they have not been shown to be effective for the maintenance 
of remission [ 1 ]. Response to corticosteroids has been 
defi ned as the clinical improvement within 30 days of treat-
ment with high-dose oral corticosteroids (40–60 mg predni-
sone or equivalent) or clinical improvement within 7–10 
days of treatment with high-dose intravenous corticosteroids 
[ 2 ]. Patients with infl ammatory bowel disease (IBD) who 
initially respond to corticosteroids but then relapse with 
tapering corticosteroids or shortly after discontinuation and 
require reintroduction of corticosteroids to maintain control 
of symptoms have been defi ned as steroid dependent. Patients 
who fail to respond to corticosteroids within this time frame 
have been defi ned as steroid refractory (Table  28.1 ) [ 2 ]. In a 
population-based cohort study, Faubion et al. assessed a 
1-year outcome in 358 patients with IBD after the fi rst course 
of oral corticosteroids [ 3 ]. They showed that after 1 year, 
49 % of UC patients treated with oral prednisone maintained 
remission [95 % confi dence interval (CI), 36–62 %], 22 % 

were corticosteroid dependent (95 % CI, 13–34 %), and 
29 % underwent colectomy (95 % CI, 18–40 %).

   The risks of long-term corticosteroid therapy including 
osteoporosis, pathological fractures, cataract, metabolic 
changes, acne, striae, hirsutism, psychological disturbance, 
and infection outweigh their benefi ts in some patients. 
Management of steroid-dependent and steroid-refractory UC 
may include stepped-up medical treatment or surgery. At any 
time, approximately 20–34 % of patients with UC have 
chronic active disease requiring several courses of cortico-
steroids to achieve remission [ 1 ,  3 ]. This chapter will discuss 
the management of steroid-dependent UC followed by the 
management of steroid-refractory UC.  

    Management of Steroid-Dependent UC 

 Immunosuppression with thiopurines is a mainstay in man-
aging steroid-dependent UC. Thiopurine therapy, although 
more widely used in steroid-dependent Crohn’s disease 
(CD), may be useful for patients with steroid-dependent as 
well as steroid-refractory UC. Ardizzone et al. randomized 
72 patients with steroid-dependent UC to receive azathio-
prine (AZA) 2 mg/kg daily or oral 5-aminosalicylic acid 
(5-ASA) 3.2 g daily for a 6-month follow-up period [ 4 ]. 
Steroid dependence was defi ned as a requirement for steroid 
therapy ≥10 mg daily during the preceding 6 months, with at 
least two attempts to discontinue the medication. They found 
that signifi cantly more patients in the AZA than in the 5-ASA 
group had clinical and endoscopic remission and discontin-
ued steroid therapy (53 vs. 21 %,  P  = 0.003). 

 More recently, a cohort study of 42 patients with steroid- 
dependent UC initiated on AZA therapy with a steroid taper 
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showed the proportion of patients remaining in steroid-free 
remission at 12, 24, and 36 months was 55, 52, and 45 %, 
respectively [ 5 ]. AZA was dosed at 50 mg daily for the fi rst 
15 days followed by a target dose of 2–3 mg/kg daily. 
Steroid-dependent UC was defi ned as the inability to suc-
cessfully reduce steroids below the equivalent of prednisone 
10 mg daily within 3 months of starting steroids, relapse 
within 3 months of stopping steroids, or symptoms only con-
trolled by continued use of steroids requiring a daily oral 
dose of 15–25 mg of prednisone for at least 6 months. 

 In light of these and several other studies, the American 
College of Gastroenterology (ACG) and the American 
Gastroenterological Association (AGA) recommend that 
patients with corticosteroid-dependent infl ammatory bowel 
disease (IBD) be treated with AZA 2–3 mg/kg daily or 
6-mercaptopurine (6-MP) 1.0–1.5 mg/kg daily in an attempt 
to lower or eliminate corticosteroid use (grade A) [ 6 ,  7 ]. 

 The metabolites of AZA and 6-MP may infl uence the 
management of patients with IBD. AZA is nonenzymatically 
converted to 6-MP, which may be activated through several 
enzymatic steps to the active metabolites, 6-thioguanine 
nucleotides (6-TGN). 6-MP may also be metabolized to 
6-methylmercaptopurine (6-MMP) by the enzyme  thiopurine 
methyltransferase (TPMT) and to 6-thiouric acid (6-TU) by 
the enzyme xanthine oxidase. Both 6-MMP and 6-TU are 
inactive metabolites. (Please see Fig.  28.1 .) TPMT activity 
may be both genetically determined and inducible, and a 
defi ciency of this enzyme may lead to myelosuppression.

   The toxicity induced by AZA and 6-MP in patients with 
IBD includes bone marrow suppression in 10 % of patients 
(secondary to elevated 6-TGN levels) [ 5 ], pancreatitis in 
3.3 % of patients, allergic reactions in 2 % of patients, drug 
hepatitis in 0.3 % of patients (secondary to elevated 6-MMP 
levels), infection in 7.4 % of patients, and neoplasm in 3.1 % 

of patients [ 8 ]. Routine monitoring of complete blood count 
with differential weekly for 4 weeks, biweekly for 4 weeks, 
and then every 1–2 months for the duration of treatment is 
suggested [ 9 ]. The ACG and AGA recommend measuring 
liver function tests periodically and assessing TPMT geno-
type or phenotype before initiation of therapy with AZA or 
6-MP to detect individuals with low enzyme activity who 
may be at risk for myelosuppression [ 6 ,  7 ]. Roblin et al. per-
formed a cross-sectional worldwide survey and showed that 
the use of TMPT phenotype and genotype testing was per-
formed in only 43 and 30 % of responding gastroenterolo-
gists, respectively [ 10 ]. 

 Dubinsky et al. showed that clinical response was highly 
correlated with 6-TGN levels ( P  < 0.0001) in pediatric patients 
with IBD. Further, they showed that the frequency of thera-
peutic response increased at 6-TGN levels >235 pmol/8 × 10 
[ 8 ] erythrocytes ( P  < 0.001) [ 11 ]. Other studies have found 
that 6-MP dose is weakly associated with 6-TGN levels 
[ 12 ,  13 ]. As a result of the discrepancy in data, a controlled 
study to evaluate the utility of these tests is needed before 
recommendations for clinical use can be instituted. Thiopurine 
testing may play a role in assessing nonadherence or to 
explain therapeutic failure in patients taking AZA or 6-MP. 

 The antimetabolite methotrexate (MTX) is widely used in 
certain autoimmune diseases such as rheumatoid arthritis 
and psoriasis. A pilot study by Kozarek et al. in 1989 showed 
that 25 mg/week intramuscular injection of MTX for 12 
weeks resulted in a signifi cant reduction in prednisone dos-
age in patients with refractory UC or CD [ 14 ]. The chronic 
UC activity index decreased from 13.3 to 6.3 ( P  = 0.007); 
however, no patient with UC showed complete histological 
or endoscopic remission. This early study also addressed the 
side effects of MTX, including nausea and diarrhea, liver 
function test increase, leukopenia, brittle nails, and hyper-
sensitivity pneumonitis. 

 Baron et al. in 1993 evaluated the efficacy and safety 
of oral MTX 15 mg daily in patients with refractory IBD for 

   Table 28.1    Defi nitions of corticosteroid-dependent ulcerative colitis 
[ 1 ,  24 ]   

 Therapeutic outcome  Defi nition 

 Response to 
corticosteroids 

 Clinical improvement after treatment with 
high-dose oral steroids (40–60 mg 
prednisone or equivalent) within 30 days 
or clinical improvement after treatment 
with high-dose intravenous steroids 
within 7–10 days 

 Corticosteroid 
refractory (steroid 
refractory) 

 Patients who fail to respond in the time 
frame described above 

 Corticosteroid 
dependent (steroid 
dependent) 

 Patients who initially respond to 
corticosteroids but then relapse during 
tapering or shortly after drug discontinuation 
of corticosteroids and require reintroduction 
of corticosteroid therapy to maintain 
symptom control 

AZA

(XO)

(TPMT)

6-TU

6-MMP

6-MP Active metabolite 6-TGN

  Fig. 28.1    Metabolism of azathioprine       
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18 weeks [ 15 ]. Refractory IBD was defi ned as a chronic 
active disease that lasts for more than 6 months and the 
failure to respond to steroids or the requirement of 20 mg/
day of  prednisone or more with disease fl are when the dose 
was tapered. Ten of the 11 UC patients included were previ-
ously unsuccessfully treated with ASA or 6-MP. UC patients 
treated with low-dose MTX showed a statistically signifi cant 
decrease in daily prednisone dose from 26.3 to 12.7 mg 
(P < 0.001) and a decrease in sigmoidoscopic score (graded 
on a scale of 0–15 based on mucopus, friability, vascular pat-
tern, granularity, and erythema) from 10.9 to 8.0 ( P  < 0.003). 
Mild side effects including mouth ulcers, alopecia, insomnia, 
facial fl ushing, nausea and vomiting, and transient decrease 
in night vision were reported. This pilot study supports the 
previous study by Kozarek et al. concluding that low-dose 
oral MTX is reasonably safe as a steroid-sparing agent in 
patients with refractory IBD. 

 Oren et al. randomized 67 patients with active UC to 
receive oral MTX 12.5 mg weekly or placebo for 9 months 
[ 16 ]. Disease chronicity was defi ned as the requirement of 
steroid therapy for at least 4 of the preceding 12 months. At 
each visit the Mayo Clinic score was calculated, and a sig-
moidoscopy was performed every 3 months. There was no 
signifi cant difference in achieving remission and complete 
steroid withdrawal between patients assigned to MTX and 
patients assigned to placebo (47 vs. 49 %,  P  = 0.87). 

 In a non-placebo-controlled study, Paoluzi et al. treated 
steroid-dependent UC patients with oral AZA 2 mg/kg fol-
lowed by intramuscular MTX 12.5 mg/week if intolerant or 
not responding to AZA [ 17 ]. Disease activity was moni-
tored monthly and colonoscopy with histology performed 
at 3 months, 6 months, and then every 6 months thereafter. 
In the short-term treatment, achieving complete remission 
and demonstrating improvement on AZA was similar to 
MTX (69 vs. 60 %, 20 vs. 40 %, respectively). Of the 
patients who achieved complete remission in the short-term 
treatment, 12 of 22 patients taking AZA and all 6 patients 
taking MTX remained in remission at the end of long-term 
treatment (54 % vs. 100 %,  P  < 0.05). This study confi rms 
the benefi cial role of AZA in refractory UC and shows that 
MTX may be effective in those unresponsive or intolerant 
to AZA. A limitation to this study is the small study 
population. 

 It is important to mention that the dose of MTX used to 
treat patients with CD successfully (25 mg IM weekly) has 
not been tried in patients with UC. The use of lower-dose 
MTX has shown some promise in the studies discussed and 
may be of potential benefi t in patients with UC. Although 
evidence supports the use of MTX for induction and remis-
sion with corticosteroid withdrawal in active CD, the ACG 
and AGA state that there is insuffi cient evidence to support 
the use of MTX in patients with active UC [ 6 ,  7 ]. 

 Mycophenolate mofetil (MMF) is another drug that shows 
potential in steroid-dependent UC. Similar to MTX, MMF 
reduces the production of interferon gamma by T cells. MMF 
is traditionally used to prevent graft rejection in organ 
 transplant patients. An early trial randomized patients with 
CD to receive AZA (2.5 mg/kg) plus 50 mg prednisolone 
orally versus MMF (15 mg/kg) plus 50 mg prednisolone 
orally [ 18 ]. Corticosteroid dosage was titrated weekly to a 
maintenance dose of prednisolone 5 mg daily. This study 
showed that treatment of patients with a Crohn’s disease 
activity index (CDAI) greater than 300 with MMF plus cor-
ticosteroids had a greater decrease in CDAI score during the 
fi rst month of treatment compared to patients in the AZA 
plus corticosteroid treatment arm. Over 6 months this 
resulted in a greater number of MMF-treated patients enter-
ing remission. Additionally, this study showed that there 
were no severe adverse events in either group. Two patients 
in the MMF-treated group developed drug exanthema and 
vomiting. 

 Shortly after, Orth et al. carried out a prospective study to 
compare MMF versus AZA in patients with chronic active 
UC [ 19 ]. In a similar fashion, they randomized 24 patients 
with UC to MMF (20 mg/kg) plus prednisolone orally or 
AZA (2 mg/kg) plus prednisolone orally. They found that the 
number of patients not requiring steroids was higher in the 
AZA plus prednisolone group than in the MMF plus pred-
nisolone group. Further, there were no severe adverse events 
reported in the AZA plus prednisolone group but two severe 
adverse events observed in the MMF plus prednisolone 
group (recurrent upper airway infections in one patient and 
bacterial meningitis in another patient). The authors con-
clude that AZA plus prednisolone appears to be more effec-
tive and more safe compared to MMF plus prednisolone in 
patients with UC. This trial employed dosages lower than 
those typically used in renal transplantation and may explain 
why diarrhea, hematological toxicity, primary neutropenia, 
or thrombocytopenia was not seen. A later study showed 
adverse events that include malaise, irritability, depression, 
joint pain, skin rash, pancreatitis, alopecia, diarrhea, and 
abnormal liver function tests [ 20 ]. As a result of confl icting 
data, the ACG and the AGA do not recommend the use of 
MMF in patients with steroid-dependent UC [ 6 ,  7 ]. If a 
patient has a contraindication to AZA, then MMF may be a 
reasonable alternative; however, further studies are essential 
to evaluate the effects of MMF in active UC. 

 The immunosuppressant tacrolimus is a calcineurin 
inhibitor currently approved for the prophylaxis of organ 
rejection in patients receiving allogeneic liver or kidney 
transplants. Tacrolimus may also inhibit interleukin 2 (IL-2) 
and therefore play a role in the pathogenesis of IBD.    A retro-
spective study in 2006 observed 53 patients with steroid- 
refractory or steroid-dependent IBD [ 21 ]. The study included 
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40 patients with UC, 11 patients with CD, and 2 patients with 
pouchitis. Patients had previously failed or not tolerated ther-
apy with 5-ASA, AZA, MTX, infl iximab, cyclosporine, 
MMF, and budesonide in the UC group. In those patients 
with UC, 57 % had pancolitis, 30 % had left-sided colitis, 
10 % had other parts of their colon affected, and 2.5 % had 
proctitis. Tacrolimus was administered orally at an initial 
dose of 0.1 mg/kg per day in two divided doses with goal 
serum trough levels of 4–8 ng/mL. At 39 months, 27 of 40 
patients (67.5 %) in the UC group were in remission, 2 of 40 
patients (5 %) did not respond, and 2 of 40 patients (5 %) 
withdrew. A reduction or discontinuation of prednisolone 
was achieved in 33 of 36 UC patients (91.7 %) receiving 
prednisolone. It is important to note that 77 % of all IBD 
patients included in the study were receiving concomitant 
AZA. Nine of 40 UC patients (22.5 %) underwent colectomy 
for intractable bleeding, premalignant or malignant polyps, 
intractable paresthesias, or the desire of the patient to have 
surgery rather than continue immunosuppression. 
Colectomy-free survival in UC patients was 56.5 % at 43 
months. There were no reported side effects in 75 % of all 
IBD patients included. They did have opportunistic infec-
tions in 3 % of patients, increase in creatinine in 7.5 % of 
patients, hyperkalemia in 1.9 % of patients, hypertension in 
1.9 % of patients, and tremor or paresthesias in 9.4 % of 
patients. The authors conclude that tacrolimus appears safe 
and effective in refractory IBD. 

 In a prospective randomized controlled trial, patients 
with active refractory UC were assigned to tacrolimus with 
a high trough concentration (10–15 ng/ml), low trough con-
centration (5–10 ng/ml), or placebo [ 22 ]. Patients were per-
mitted to continue 5-ASA drugs or steroids during the study 
as long as the dosage was not adjusted; however, AZA or 
6-MP concomitant use was prohibited. An improvement in 
the disease activity index (DAI) score was observed in 
68.4 % of patients in the high trough concentration group 
compared to 10 % in the placebo group at week 2 ( P  < 0.001). 
Clinical remission was observed in 4 of 20 patients (20 %) 
of the high trough concentration group, 2 of 19 patients 
(10.5 %) of the low trough concentration group, and 1 of 17 
patients (5.9 %) in the placebo group at week 2. Mucosal 
healing was achieved in 15 of 19 patients (78.9 %) in the 
high trough concentration group, 8 of 18 patients (44.4 %) 
in the low trough concentration group, and 2 of 16 patients 
(12.5 %) in the placebo group at week 2. In an open-label 
extension, 55.2 % of patients receiving tacrolimus therapy 
showed an improvement in the DAI score at week 10. The 
mean dose of prednisolone was reduced at week 10. 
Reported adverse events in this trial included: fi nger tremor, 
headache, serious viral gastroenteritis, decreases in serum 
magnesium, and increases in serum creatinine. This study 
concluded that oral tacrolimus, with optimal target trough 
concentration of 10–15 ng/ml, appears to be effi cacious and 

safe as therapy in refractory UC. As a result of few data, the 
ACG and the AGA do not recommend tacrolimus at this 
time for the management of steroid- dependent or steroid-
refractory UC (Table  28.2 ) [ 6 ,  7 ].

   Table 28.2       Medical therapy for steroid-dependent UC   

 Medical therapy  Adverse events  References 

 Thiopurines  Bone marrow suppression 
(elevated 6-TGN levels) 

 Chebli et al. [ 5 ] 

 AZA     Infection  Kornbluth et al. [ 6 ] 
 6-MP  Pancreatitis  Lichtenstein et al. [ 7 ] 

 Neoplasm  Present et al. [ 8 ] 
 Allergic reactions 
 Drug hepatitis (elevated 
6-MMP levels) 

 MTX a   Neutrophilic dermatitis 
(Sweet’s syndrome) 

 Baron et al. [ 15 ] 

 Dermatitis  Oren et al. [ 16 ] 
 Leukopenia  Paoluzi et al. [ 17 ] 
 Headache 
 Mouth ulcers 
 Ulceration of nasal 
mucosa 
 Alopecia 
 Insomnia 
 Facial fl ushing 
 Nausea, vomiting 
 Transient decreased 
night vision 

 MMF a   Diarrhea  Neurath et al. [ 18 ] 
 Neutropenia  Orth et al. [ 19 ] 
 Thrombocytopenia  Palaniappan et al. [ 20 ] 
 Hematological toxicity 
 Nausea, vomiting 
 Elevated liver function 
tests 
 Malaise 
 Behavioral changes 
 Depression 
 Joint pain 
 Skin rash 
 Pancreatitis 
 Alopecia 

 Tacrolimus a   Opportunistic infections  Baumgart et al. [ 21 ] 
 Viral gastroenteritis  Ogata et al. [ 22 ] 
 Increase in creatinine 
 Hyperkalemia 
 Hypomagnesemia 
 Hypertension 
 Headache 
 Hand tremor 
 Paresthesias 

   a The ACG and AGA do not recommend this therapy. There is insuffi -
cient evidence to support the use of these medications for steroid-
dependent UC. However, if there is a contraindication to AZA, these 
medical therapies may be reasonable alternatives  
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       Management of Steroid-Refractory UC 

 The medical management of steroid-refractory UC may 
overlap with the therapy used to manage steroid-dependent 
UC. In general, intravenous (IV) corticosteroids, cyclospo-
rine, infl iximab, and surgery are the mainstay of the therapy 
for steroid-refractory UC (Table  28.3 ).

   In an editorial comparing oral versus intravenous steroids to 
defi ne refractory UC, Chiorean reminds us that corticosteroids 
remain the fi rst-line treatment of choice for patients with mod-
erate to severe fl ares of UC despite little evidence- based data to 
support the optimal dose and delivery [ 23 ]. One may speculate 
that IV steroids have superior effi cacy over oral steroids in 
patients with UC secondary to impaired absorption in the 
 setting of an infl amed colon. The landmark study by Truelove 
and Jewell in 1974 treated 49 patients with severe UC with a 

regimen to include IV steroids for 5 days [ 24 ]. They defi ne 
severe UC as having six or more bloody bowel movements 
daily, fever, tachycardia, anemia, and elevated erythrocyte sedi-
mentation rate (ESR). Remission after 5 days was shown in 36 
of 49 patients (73 %) treated with IV steroids. Of the 36 patients 
in remission at day 5, 33 remained in remission for 6 weeks. 
Based on this study and the fact that gastroenterologists have 
treated UC with steroids for more than 50 years, Chiorean sug-
gests that IV steroids may defi ne refractory disease. 

 Still, we include IV steroids in this section as there is not 
a defi nitive defi nition for steroid-refractory UC. In addi-
tion, the ACG and AGA recommend hospitalization for 
parenteral corticosteroids in patients failing to respond to 
oral corticosteroids or for patients with severe UC (grade A) 
[ 6 ,  7 ]. It is important to monitor for infection, glucose 
intolerance, and metabolic abnormalities while treating 
with IV steroids. There should be a plan for a specifi c dura-
tion and a specifi c tapering regimen of steroids at the initia-
tion of therapy due to the toxicity associated with the use of 
corticosteroids. 

 Cyclosporine was fi rst discovered and used in organ 
transplantation in the 1970s. Like tacrolimus, cyclosporine 
competitively binds to and inhibits calcineurin, leading to 
the suppression of signaling pathways that play a role in the 
pathogenesis of IBD. In 1990, Lichtiger and Present showed 
that IV cyclosporine is an effective treatment for patients 
with severe active UC who have not responded to steroids 
[ 25 ]. Reported adverse effects were hypertrichosis, paresthe-
sias, resting tremor, gingival hyperplasia, transient hyperten-
sion, and nephrotoxicity. 

 In a landmark randomized placebo-controlled trial, 20 
patients with severe active UC who had not clinically 
improved after at least 7 days of IV corticosteroid therapy 
received either IV cyclosporine (4 mg/kg/day) for up to 14 
days or placebo [ 26 ]. All patients received 100 mg of IV 
hydrocortisone every 8 h and hydrocortisone enemas nightly 
if the drug could be retained. Oral sulfasalazine, mesalamine, 
olsalazine, or mesalamine enemas were continued, however, 
not initiated during the study. Serum cyclosporine concentra-
tions of 100–400 ng/ml by radioimmunoassay with a 
 monoclonal antibody or concentrations of 400–800 ng/ml by 
radioimmunoassay with a polyclonal antibody were 
 considered therapeutic. Nine of 11 patients (82 %) in the IV 
cyclosporine group had an improvement in the clinical activ-
ity score within a mean of 7 days as compared to 0 of 9 
patients in the placebo group ( P  < 0.001). Five patients in the 
placebo group went on to receive open-label IV cyclosporine 
after the study period with a decrease in their mean clinical 
activity score from 11 to 7 within a mean time of 7 days. 
A total of nine patients in the trial responded to IV cyclospo-
rine and were subsequently treated with oral cyclosporine 
8 mg/kg/day. Four of nine patients went to colectomy. 
Documented adverse effects were similar to the pilot study 

   Table 28.3    Medical therapy for steroid-refractory UC   

 Medical therapy  Adverse events  References 

 IV corticosteroids  Osteoporosis  Kornbluth et al. (ACG 
practice guidelines) [ 6 ]  Pathological fractures 

 Glaucoma 
 Cataracts 
 Metabolic changes 
 Acne 
 Striae 
 Hirsutism 
 Psychological 
disturbance 
 Infection 
 Gastroduodenal 
mucosal injury 

 Cyclosporine  Hypertrichosis  Lichtiger et al. [ 25 ] 
 Paresthesias  Van Assche et al. [ 27 ] 
 Resting tremor 
 Gingival hyperplasia 
 Transient hypertension 
 Nephrotoxicity 
 Seizures 

 Infl iximab  Abdominal pain  Rutgeerts et al. [ 28 ] 
 Infusion reactions  Jarnerot et al. [ 29 ] 
 Upper respiratory tract 
infection 
 Pharyngitis 
 Sinusitis 
 Oral candidiasis 
 Pain 
 Rash 
 Arthralgia 
 Anemia 
 Fatigue 
 Tuberculosis 
 Varicella-zoster virus 
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with the addition of seizures. This trial was terminated early 
due to the overwhelming benefi cial effect of cyclosporine. 

 The coadministration of maintenance agents such as AZA 
or 6-MP after induction with IV cyclosporine has been docu-
mented as a therapy that may avoid colectomy. In addition, 
triple therapy with oral prednisone, oral cyclosporine, and an 
oral purine analogue with subsequent tapering of the cortico-
steroid and cyclosporine may lead to long-term maintenance. 
As such, the AGA recommends IV cyclosporine at 2–4 mg/
kg/day or colectomy in patients with severe UC who have 
failed to respond to 7–10 days of oral or parenteral cortico-
steroids (grade B) [ 7 ]. Further, they recommend IV cyclo-
sporine as an effective means of avoiding surgery in patients 
with severe corticosteroid-refractory UC (grade A) [ 7 ]. This, 
however, is based upon the data from 2006 prior to the wide-
spread use of infl iximab in patients with severe UC. 

 Van Assche et al. published fi ndings of patients with 
severe UC randomized to a high-dose cyclosporine group 
(4 mg/kg) or low-dose cyclosporine group (2 mg/kg) for 8 
days [ 27 ]. At day 8, all responding patients were switched to 
8 mg/kg oral cyclosporine. Concomitant medications 
allowed included IV corticosteroids if given prior to enroll-
ment and at a stable dose (oral corticosteroids were con-
verted to IV corticosteroids), AZA or 6-MP if started 3 
months prior, oral and rectal 5-ASA, and antibiotics. The 
primary end point clinical response was achieved by 32 of 38 
patients (84 %) in the high-dose group and 30 of 35 patients 
(85 %) in the low-dose group. The median time to response 
was 4 days in both groups, and the short-term colectomy 
rates were similar in both groups. The authors conclude that 
there is no difference between 4 mg/kg and 2 mg/kg IV 
cyclosporine. Adverse effects of cyclosporine were seen in 
both groups and included tremor or paresthesia, hyperten-
sion, an increase in serum creatinine, fever, headache, and 
diabetes mellitus. 

 Infl iximab, a tumor necrosis factor-alpha chimeric 
monoclonal antibody, is approved by the FDA for use in 
UC, CD, rheumatoid arthritis, ankylosing spondylitis, pso-
riatic arthritis, and plaque psoriasis. The Active Ulcerative 
Colitis Trials 1 and 2 (ACT 1 and ACT 2) are two large 
randomized control trials that evaluated infl iximab versus 
placebo for  induction and maintenance therapy for 
 corticosteroid-refractory UC. 

 In ACT 1, patients were treated with infl iximab at weeks 
0, 2, and 6 and then every 8 weeks through week 46; patients 
in ACT 2 were treated at weeks 0, 2, and 6 and then every 8 
weeks through week 22 [ 28 ]. Patients were randomly 
assigned to receive IV infl iximab 5 mg/kg, IV infl iximab 
10 mg/kg, or placebo at each treatment session. In both 
studies, patients continued their treatment with corticoste-
roids alone or in combination with immunomodulators or 
5-ASA. After week 8, corticosteroids were tapered until 
discontinuation. 

 In ACT 1 and ACT 2 at week 8, clinical response rates in 
patients in the infl iximab 5 mg/kg group and infl iximab 
10 mg/kg group were signifi cantly greater as compared to 
patients in the placebo group [infl iximab 5 mg/kg group 
(69 %) vs. placebo group (37 %),  P  < 0.001, and infl iximab 
10 mg/kg group (62 %) vs. placebo group (37 %),  P  < 0.001, 
in ACT 1 and infl iximab 5 mg/kg group (65 %) vs. placebo 
group (29 %),  P  < 0.001, and infl iximab 10 mg/kg group 
(69 %) vs. placebo group (29 %),  P  < 0.001, in ACT 2]; clini-
cal remission rates in patients in the infl iximab 5 mg/kg 
group and infl iximab 10 mg/kg group were signifi cantly 
higher as compared to patients in the placebo group [infl ix-
imab 5 mg/kg group (39 %) vs. placebo group (15 %), 
 P  < 0.001, and infl iximab 10 mg/kg group (32 %) vs. placebo 
group (15 %),  P  = 0.002, in ACT 1 and infl iximab 5 mg/kg 
group (34 %) vs. placebo group (6 %),  P  < 0.001, and infl ix-
imab 10 mg/kg group (28 %) vs. placebo group (6 %), 
 P  < 0.001, in ACT 2]; and mucosal healing rates in patients in 
the infl iximab 5 mg/kg group and infl iximab 10 mg/kg group 
were signifi cantly higher as compared to the patients in the 
placebo group [infl iximab 5 mg/kg group (62 %) vs. placebo 
group (34 %),  P  < 0.001, and infl iximab 10 mg/kg group 
(59 %) vs. placebo group (34 %),  P  < 0.001, in ACT 1 and 
infl iximab 5 mg/kg group (60 %) vs. placebo group (31 %), 
 P  < 0.001, and infl iximab 10 mg/kg group (62 %) vs. placebo 
(31 %),  P  < 0.001, in ACT 2]. In ACT 2 at week 30, clinical 
response rates in patients in the infl iximab 5 mg/kg group 
and infl iximab 10 mg/kg group were signifi cantly greater 
than the placebo group (47 %, 60 %, and 26 %, respectively; 
both  P  values <0.001); clinical remission rates in patients in 
the infl iximab 5 mg/kg group and infl iximab 10 mg/kg group 
were signifi cantly higher than the placebo group [infl iximab 
5 mg/kg group (26 %) vs. placebo group (11 %),  P  = 0.003; 
infl iximab 10 mg/kg group (36 %) vs. placebo (11 %), 
 P  < 0.001]; and mucosal healing rates in the infl iximab 5 mg/
kg group and infl iximab 10 mg/kg group were signifi cantly 
greater than the placebo group [infl iximab 5 mg/kg group 
(46 %) vs. placebo group (30 %),  P  = 0.009; infl iximab 
10 mg/kg group (57 %) vs. placebo group (30 %),  P  < 0.001]. 
In ACT 1 at week 54, patients in the infl iximab 5 mg/kg 
group and infl iximab 10 mg/kg group showed greater clini-
cal response, clinical remission, and mucosal healing rates as 
compared to the placebo group ( P  < 0.001 in all compari-
sons). Additionally, the proportion of patients who had dis-
continued corticosteroids at week 30 in both studies and at 
week 54 in ACT 1 was higher in the infl iximab groups than 
in the placebo groups. 

 The proportion of patients reporting any adverse event in 
ACT 1 and ACT 2 was similar among the three groups. 
Adverse events occurring in ≥10 % of patients in the infl ix-
imab groups included: abdominal pain, nausea, upper respi-
ratory tract infections, pharyngitis, sinusitis, pain, rash, 
arthralgia, headache, fever, anemia, and fatigue. Other 
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adverse events occurring in a smaller percentage of patients 
in the infl iximab groups included: fungal dermatitis, pneu-
monia, varicella-zoster virus infection, herpes zoster, and 
abscess. One patient in the infl iximab 10 mg/kg group devel-
oped tuberculosis. It is concluded that the risks of infl iximab 
use must be weighed against the risks of the alternative, 
which is colectomy and the creation of an ileoanal pouch. 
Physicians and patients must be diligent in monitoring for 
signs and symptoms of infection. 

 Jarnerot et al. published a paper comparing infl iximab to 
placebo as rescue therapy in severe to moderately severe UC 
[ 29 ]. Patients were treated with betamethasone 4 mg IV 
twice daily on day 0 and then randomized to receive infl ix-
imab (4–5 mg/kg) or placebo on day 3 if they met the index 
criteria for fulminant UC (based on the fulminant colitis 
index ≥8) or on day 5, 6, or 7 if they fulfi lled the criteria for 
a severe or moderately severe attack of UC not responding to 
IV corticosteroids (based on the Seo index >150). The pri-
mary end point was colectomy. Signifi cantly more patients 
in the placebo group (14 of 21) than in the infl iximab group 
(7 of 24) had colectomy ( P  = 0.017). Of the patients with ful-
minant UC, 69 % of patients in the placebo group and 47 % 
of patients in the infl iximab group had a colectomy. In 
patients with less severe UC, 63 % of patients in the placebo 
group and no patients in the infl iximab group had a colec-
tomy ( P  = 0.009). Side effects included central venous line 
septicemia, arthralgias, upper respiratory tract infections, 
exanthema, nausea, vomiting, abnormal liver function tests, 
oral candidiasis, and pruritus during infusion. The authors 
conclude that infl iximab 4–5 mg/kg is an effective and safe 
rescue therapy in patients with acute severe or moderately 
severe UC not responding to conventional corticosteroids. 

 A recent prospective randomized trial compared cyclo-
sporine to infl iximab in steroid-resistant acute severe UC 
[ 30 ]. Steroid-resistant severe UC was defi ned as a Lichtiger 
score >10 after at least 5 days of IV methylprednisolone 
≥0.8 mg/kg/day. Patients were randomized to either intra-
venous cyclosporine (2 mg/kg/day for 1 week and then 
transitioned to oral dosing) or infl iximab (5 mg/kg at weeks 
0, 2, and 6). Patients with clinical response at day 7 
(Lichtiger score <10 with a decrease of at least three points 
compared to the baseline) were started on AZA 2.5 mg/kg/
day, and steroids were decreased. Treatment failure was 
60 % in the cyclosporine group and 54 % in the infl iximab 
group ( P  = 0.49). Response rates at day 7 in the cyclospo-
rine group and infl iximab group were 84 and 86 %, respec-
tively ( P  = 0.76). Colectomy was performed in ten patients 
treated with cyclosporine and 13 patients treated with inf-
liximab. The authors conclude that cyclosporine is not 
more effective than infl iximab to achieve short-term remis-
sion and avoid urgent colectomy in patients with steroid-
resistant acute severe UC. 

 Finally, failure to obtain remission with the use of the 
abovementioned medical therapy for steroid-resistant UC 
may lead to colectomy. Unlike medical therapy, surgical 
therapy provides a defi nitive treatment for UC. Sandborn 
et al. extracted data to include the incidence of colectomy 
from ACT 1 and ACT 2 in 2009. The cumulative incidence 
of colectomy through 54 weeks in patients with UC was 10 
and 17 % for the infl iximab group and placebo group, respec-
tively ( P  = 0.02) [ 31 ]. Complications following colectomy 
with ileoanal pouch include the risk for pouchitis, pouch fail-
ure, female infertility, and nocturnal fecal incontinence. 
Certainly, quality of life and functional outcome will be 
important to the patient with UC. Therefore, the risks and 
benefi ts of surgery as well as timing must be weighed by 
both the gastroenterologist and patient. 

 In conclusion, steroid-dependent UC is best medically 
managed with thiopurines; however, if UC is unresponsive or 
intolerant to thiopurines, it may be managed with methotrex-
ate, MMF, or tacrolimus. Steroid-resistant UC may be man-
aged with IV corticosteroids, cyclosporine, infl iximab, or 
colectomy. The risks and benefi ts of therapy in each indi-
vidual case must be thoroughly appraised by both the gastro-
enterologist and the patient.     
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        Introduction 

 Medical therapy in ulcerative colitis (UC) often includes the 
use of immunosuppressant medications including prednisone, 
thiopurine analogues, biologic medications or cyclosporine. 
While patients with UC are being treated with medical ther-
apy, the need for surgery may arise. The surgery may be 
related to a complication of the UC, or may be a non- intestinal 
surgery that is unrelated to the UC diagnosis. This chapter will 
cover medical management in patients with ulcerative colitis 
(UC) in the preoperative and postoperative settings. 

 The 10-year cumulative risk of colectomy in patients with 
UC is 8.7 %, with a 20 % risk in patients with extensive 
ulcerative colitis [ 1 ]. Indications for surgery in UC include 
refractory disease, cancer or dysplasia, or emergencies 
including perforation, massive hemorrhage or megacolon. 
The surgical options in these patients include subtotal or 
total colectomy with ileostomy in emergency situations, ver-
sus total proctocolectomy with ileal pouch-anal anastomosis 
(IPAA) as a one, two or three-stage procedure. 

 Early complications of UC-related surgeries can include 
anastomotic leak, wound dehiscence, pelvic sepsis, intra- 
abdominal abscess, small bowel obstruction, prolonged 
ileus and sepsis. Late complications can include fi stulae (peri-

anal, enterocutaneous), anastomotic stricture and pouch 
 dysfunction. Risk factors for surgical morbidity for any sur-
gery include diabetes, obesity, cigarette smoking, malnutri-
tion, preoperative disease severity and prolonged surgery. 
There is some evidence that surgical technique and expertise 
also infl uence the risk of postoperative morbidity and mortal-
ity. Laparoscopic surgery in infl ammatory bowel disease 
(IBD) has been shown to demonstrate no increased complica-
tion rates compared with open surgery, as well as a decrease 
in postoperative length of stay [ 2 ]. In addition, postoperative 
mortality following colectomy for UC is lower in hospitals 
which perform the highest volume of these operations [ 3 ]. 

 There is a paucity of data regarding the frequency of and 
complications related to non-intestinal surgeries among 
patients with UC and those with IBD in general. Furthermore, 
there are no consensus statements from either gastroentero-
logical or rheumatologic societies regarding the periopera-
tive management of immunosuppressives in either setting. In 
this chapter we will present the data available to help guide 
the decisions regarding medical therapy in the preoperative 
and postoperative patient. In addition, we will discuss peri-
operative pain management and venous thromboembolism 
prophylaxis in the patient with UC.  

    Aminosalicylates 

 5-Aminosalicylic acid (5-ASA) medication is the fi rst-line 
therapy for UC. There are at least 46 case reports in the 
 literature of renal disease—mainly interstitial nephritis—
associated with the use of 5-ASA medications. Combined 
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data from the 46 case reports showed that renal injury may 
occur at widely various time points during 5-ASA therapy, 
from 1 month to 7 years of therapy, with 43 % having neph-
rotoxicity within 1 year of initiation of therapy [ 4 ]. These 
medications have a half-life of 6–10 h. There are no studies 
examining the perioperative risk of 5-ASA medications. 

 It is reasonable to discontinue 5-ASA medications 2 days 
before surgery and to resume the medications as soon as the 
patient is clinically stable post-operatively, particularly in 
patients who are at increased risk for acute kidney injury in 
the perioperative setting. Risk factors for acute kidney injury 
in the perioperative setting include age >65, preoperative 
kidney disease, diabetes, peripheral vascular disease, con-
gestive heart failure, chronic obstructive pulmonary disease 
and obesity. Patients who undergo total proctocolectomy for 
ulcerative colitis will not need to resume 5-ASA medications 
postoperatively.  

    Glucocorticoids 

 Glucocorticoids are commonly used in UC for induction of 
remission and treatment of fl ares. However, long-term use is 
not recommended because of the risks of infection, osteopo-
rosis, glucose intolerance and glaucoma, among others. 
Indications for colectomy in patients with UC include 
steroid- dependent or steroid-refractory disease, and thus 
patients undergoing surgery may have been exposed to either 
long-term corticosteroid use, or high-dose short-term corti-
costeroid use. The other clinical scenario that may be 
encountered is a UC patient who is steroid-dependent who 
requires a surgery for a condition unrelated to the IBD. 

 A main concern of perioperative corticosteroid use is the 
risk of post-infectious complications including infection 
and poor wound healing. In animal studies, glucocorticoids 
have been demonstrated to decrease TGF-beta and IGF-1 
levels in wound fl uid and hydroxyproline content in tissue, 
which can result in impaired wound healing [ 5 ]. The TREAT 
(The Crohn’s Therapy, Resource, Evaluation, and 
Assessment Tool) registry data has demonstrated an associ-
ation between corticosteroid use and increased risk for 
infection (HR 1.57, 95 % CI 1.17–2.10) [ 6 ]. In both pediat-
ric and adult patients undergoing colectomy for UC, ste-
roids have been associated with an increased risk of 
postoperative complications including infection [ 7 – 10 ]. The 
association between preoperative corticosteroid use and 
postoperative infection was also found in a retrospective 
study of 159 patients with IBD undergoing elective bowel 
surgery [ 11 ]. Thus, in the case of elective surgery, cortico-
steroids should be tapered to the lowest dose possible prior 
to surgery and should be tapered completely if possible. 

 The physiologic stress of surgery activates the 
hypothalamic- pituitary-adrenal (HPA) axis, resulting in 

increased corticotrophin (ACTH) and cortisol secretion. 
Patients with UC who are treated with corticosteroids may 
have a suppressed HPA axis. They are therefore at risk of 
adrenal insuffi ciency and shock if they do not produce ade-
quate ACTH and cortisol levels during the intraoperative and 
postoperative period [ 12 ]. There is, however, confl icting evi-
dence about whether perioperative supplementary cortico-
steroids are needed. A recent systematic review of the 
literature determined that the evidence is not suffi cient to 
either support or refute the need for perioperative supple-
mentary corticosteroids in patients maintained on corticoste-
roid therapy [ 13 ]. 

 As a result of the inconclusive literature and the theoretical 
risk of potentially life-threatening adrenal insuffi ciency and 
shock in the postoperative setting amongst patients main-
tained on chronic glucocorticoids, most experts generally rec-
ommend considering glucocorticoid supplementation. The 
decision about whether additional glucocorticoids are needed 
depends on the preoperative glucocorticoid dose and duration 
of therapy, whether there is a known preoperative diagnosis 
of adrenal insuffi ciency, as well as the degree of physiologic 
stress expected from the surgery [ 12 ]. Patients with UC and 
ongoing corticosteroid use must also be monitored carefully 
in the perioperative setting for hyperglycemia.  

    Azathioprine and 6-Mercaptopurine 

 Azathioprine is a pro-drug of 6-mercaptopurine, which is 
converted by hypoxanthine-guanine- phosphoribosyltransfersase 
to the active metabolite 6-thioguanine (6-TG) nucleotides. 
The 6-TG nucleotides have both cytotoxic and immunosup-
pressive effects via inhibition of RNA and DNA synthesis, 
and T and B cell proliferation [ 14 ]. These effects are benefi -
cial in reducing disease activity in IBD, but also may in the-
ory decrease healing in the setting of surgery. However, a 
recent experimental study in rats demonstrated no effect of 
azathioprine on the strength of intestinal anastomoses [ 15 ]. 

 The evidence does not suggest an increased risk of post-
operative complications amongst patients with UC undergo-
ing IPAA. In a retrospective study of patients with UC who 
underwent proctocolectomy with IPAA at the University of 
California at San Francisco between 1997 and 1999, azathio-
prine and 6-mercaptopurine were not associated with an 
increased risk of complications at 30 days or at 6 months [ 9 ]. 
Similarly, a retrospective study at the Cleveland Clinic in 
Florida demonstrated no increased risk of postoperative 
complications among patients with UC undergoing total 
proctocolectomy with IPAA [ 16 ]. 

 Studies including patients with Crohn’s disease similarly 
do not demonstrate increased risk for postoperative compli-
cations after bowel surgery. Aberra et al. [ 11 ] performed a 
retrospective cohort study of 159 patients with IBD who 
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underwent elective bowel surgery, of which 52 patients were 
receiving azathioprine or 6-mercaptopurine either alone or 
with corticosteroids. The adjusted odds ratios for any infec-
tious complication and major infectious complications 
were 1.68 (05 % CI 0.65–4.27), and 1.20 (95 % CI  0.37–3.94). 
A systematic review in 2006 similarly concluded that preop-
erative immunomodulator use was not associated with an 
increased rate of postoperative complications amongst 
patients with IBD undergoing abdominal surgery [ 17 ]. 

 There is a paucity of data examining the perioperative 
risks of azathioprine and 6-mercaptopurine in other disease 
and in surgeries unrelated to IBD. These medications have a 
short half-life, but are predominantly renally cleared and 
thus could accumulate in the setting of acute kidney injury 
in the perioperative setting. Furthermore, thiopurines can 
cause nausea and vomiting when taken on an empty stom-
ach. Thus, it is reasonable to hold thiopurines 2 days before 
surgery and to resume the medication 3 days after surgery, 
once the patient is clinically stable and has resumed oral 
intake. In the setting of total proctocolectomy for ulcerative 
colitis, azathioprine and 6-mercaptopurine are not resumed 
postoperatively.  

    Biologic Agents 

 The biologic agents that are FDA-approved for the treatment 
of UC include infl iximab and adalimumab. These drugs are 
tumor necrosis factor α inhibitors (anti-TNF). Adverse 
effects reported in association with the use of these medica-
tions include lymphoma, infection (including reactivation of 
tuberculosis or Hepatitis B, opportunistic infections, pneu-
monia), lymphoma, worsening of congestive heart failure, 
demyelinating disease, lupus-like syndrome, induction of 
auto-antibodies and hypersensitivity reactions [ 18 ]. 

 There are a multitude of studies examining the risk of 
postoperative complications associated with perioperative 
anti-TNF use among patients with UC. These include a small 
single-center study [ 19 ] including 29 infl iximab-exposed 
and 52 non-infl iximab controls with UC undergoing IPAA in 
which multivariable regression models revealed that infl ix-
imab was not associated with postoperative complications 
(OR 0.78,  p  = 0.67). The largest and only population-based 
study to date included 199 patients with UC in the Danish 
National Health Registry who underwent colectomy, and 
found no difference in postoperative complications (includ-
ing fever, infection, anastomotic leak, death) among patients 
exposed to biologics [ 20 ]. Another recent large single-center 
retrospective case-control study of 473 abdominal surgeries 
among IBD patients (both UC and Crohn’s disease) in which 
195 were exposed to biologics found no difference in postop-
erative complications between the biologic-exposed versus 
unexposed patients [ 21 ]. A subgroup analysis of patients 

undergoing subtotal colectomy similarly showed no 
increased rates of postoperative complications among the 
patients exposed to biologics. Finally, a 2012 meta-analysis 
of 13 studies including 2,933 patients undergoing abdominal 
surgery for UC concluded that preoperative infl iximab does 
not increase the risk of early postoperative total complica-
tions (OR 1.09, 95 % CI 0.87–1.37), infectious complica-
tions (OR 1.10, 95 % CI 0.51–2.38) or non-infectious 
complications (OR 1.10, 95 % CI 0.76–1.59) [ 22 ]. 

 In summary, the evidence is more supportive of a lack of 
increased risk of postoperative complications among UC 
patients exposed to infl iximab. At the same time, it must be 
noted that no studies have examined the risk of IBD fl are on 
postoperative outcomes in the setting of discontinuing 
medications preoperatively. In the case of colectomy for 
ulcerative colitis, surgery should not be delayed because of 
recent anti-TNF use. Since colectomy is curative in the case 
of UC, anti-TNF medications do not need to be resumed 
postoperatively. 

 In the case of non-intestinal surgery, there is less data to 
guide the clinical decision and it must be made on a case-by- 
case basis in conjunction with the surgeon. If the patient is at 
low risk for disease fl are with discontinuation of anti-TNF 
therapy and the surgical procedure is considered high risk in 
terms of infectious complications, the dose could be held for 
one cycle before the surgery and resumed as soon as the 
patient is clinically stable post-operatively. However, the risk 
of postoperative complications must be weighed against the 
risk of disease fl are.  

    Cyclosporine 

 Cyclosporine is a calcineurin inhibitor given intravenously 
as a second-line therapy in severe steroid-refractory 
UC. Drug levels must be monitored closely, and patients 
who respond are then switched to oral cyclosporine while 
initiating a steroid-sparing therapy such as azathioprine or 
6-mercaptopurine. 

 Adverse events associated with the use of cyclosporine 
include nephrotoxicity, seizures, anaphylaxis, paresthesias, 
hypomagnesaemia, hyperkalemia, hypertension, hypertri-
chosis, headache and infection [ 23 ]. In a case series of 86 
patients treated with cyclosporine for severe UC, 3 (3.5 %) 
died from opportunistic infection including pneumocystic 
jirovecii pneumonia and aspergillus fumigatus pneumonia 
[ 24 ]. Thus, we recommend considering prophylaxis with 
trimethoprim-sulfamethoxazole in these patients. 

 Based on case series data, preoperative cyclosporine use 
has not resulted in higher than expected postoperative com-
plication rates. In 1995, Fleshner et al. [ 25 ] found that in 14 
patients requiring urgent colectomy and ileostomy for UC 
after failing cyclosporine, there were no postoperative 
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deaths. The 57 % complication rate included three cases of 
ileus and two of deep venous thrombosis. There was one 
wound infection, and one partial dehiscence of a rectal 
stump. A later series of 25 patients who underwent procto-
colectomy after failing cyclosporine found no postoperative 
deaths, and a 36 % rate of early complications. However, all 
patients were able to retain their pouch. The largest series 
published to date is a British study of 80 patients with severe 
ulcerative colitis, of which 29 % received cyclosporine, 
found that the patients with major postoperative complica-
tions had a signifi cantly longer duration of time between 
admission and medical therapy (mean 8 days versus 5 days, 
 p  = 0.036) [ 26 ]. However, treatment with cyclosporine was 
not associated with an increased risk of postoperative 
complications. 

 One study compared the postoperative risk of preopera-
tive cyclosporine and steroids compared to preoperative ste-
roids alone in patients undergoing emergency colectomy for 
severe UC and found no increased risk of perioperative com-
plications in the cyclosporine group (24 % steroids alone 
versus 15.8 % steroids and cyclosporine) [ 27 ]. 

 Based on the available data, we do not recommend delay-
ing colectomy in patients exposed to cyclosporine preopera-
tively. In patients receiving cyclosporine who require 
non-IBD-related surgery, we suggest delaying elective sur-
gery if possible until the cyclosporine is discontinued and the 
patient is tolerating steroid-sparing therapy. However, if sur-
gery is urgently needed in a patient taking cyclosporine, the 
available data do not support the need to discontinue the drug 
prior to surgery.  

    Venous Thromboembolism (VTE) 
Prophylaxis 

 Patients with infl ammatory bowel disease have an increased 
risk of venous thromboembolism (VTE) compared with 
controls (HR 3.4, 95 % CI 2.7-4.3), and this risk is increased 
during fl are states (HR 8.4, 95 % CI 5.5–12.8) [ 28 ]. A ret-
rospective analysis using a national surgical database found 
that VTE was more common among patients with IBD 
compared to controls (OR 2.03, 95 % CI 1.52–2.70), and 
that nonintestinal surgical cases had a higher rate of DVT 
or PE (OR 4.45, CI 1.72–11.49) compared with intestinal 
surgeries [ 29 ]. 

 Several studies have examined risk factors for VTE in 
patients with IBD who are undergoing surgery. Laparoscopic 
surgery has been associated with a decreased risk for venous 
thromboembolism compared with open surgery [ 30 ,  31 ]. 
However, causality has not been established, as patients 
selected for laparoscopic surgery may otherwise be at lower 
risk for venous thromboembolism. A study [ 32 ] of 10,431 

colorectal surgeries amongst patients with IBD in the 
American College of Surgeons National Surgical Quality 
Improvement 2004–2010 database found that venous throm-
boembolic events occurred in 1.4 % of patients with CD and 
3.3 % of patients with UC. Risk factors for postoperative 
venous thromboembolic events included bleeding disorder, 
steroid use, anesthesia time, emergency surgery, hematocrit 
<37 %, malnutrition and functional status. Some of these risk 
factors are modifi able and could be optimized in patients 
who are planning to undergo surgery. 

 Based on the available data, prophylaxis for VTE is rec-
ommended in all hospitalized patients with UC, including 
those undergoing surgery [ 33 – 35 ]. The options include low 
molecular weight heparin at a dose of 5,000 international 
units every 8 h or enoxaparin 40 mg every 24 h, though 
patients with weights less than 50 kg may need dose reduc-
tion. Flare of disease with hematochezia is not a contraindi-
cation to VTE prophylaxis with anticoagulation. However, 
prospective studies are needed to demonstrate the effi cacy of 
VTE prophylaxis among patients with UC.  

    Pain Management 

 We suggest avoiding non-steroidal anti-infl ammatory medi-
cations (NSAIDs) because of the potential association with 
disease fl are in UC. Narcotic pain medications are associated 
with increased risk of mortality and serious infection in 
patients with IBD based on TREAT registry data [ 6 ]. 
Narcotics are also thought to increase the risk for toxic 
megacolon in patients with UC fl ares. A recent retrospective 
review found no increased risk of colectomy in patients 
exposed to narcotics, but prospective studies are needed to 
confi rm this fi nding [ 36 ]. Acetaminophen and tramadol may 
be reasonable options to treat pain in this patient population. 
However, narcotics may be needed, particularly to treat post-
operative pain. In that case, the dose and frequency should be 
minimized, and the patient should be monitored closely for 
prevention or early detection of toxic megacolon and 
infection. 

 Tables  29.1  and  29.2  show the stress-dose corticosteroid 
dosing in the perioperative setting and perioperative medica-
tion management, respectively.

        Conclusion 

 This chapter provides suggestions about management of 
medical therapy in the preoperative and postoperative patient 
with ulcerative colitis. However, there is limited published 
literature available regarding the perioperative use of these 
medications. As a result, no formal guidelines have been 
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published by the major gastroenterological or rheumatologic 
societies. Prospective data from high-quality studies are 
needed in order to inform the decision regarding the periop-
erative use of immunosuppressant medications. In the mean-
time, the decision regarding the use of 5-ASA and 
immunosuppressant therapy in the perioperative setting must 
be individualized for each patient and should involve a dis-
cussion between the gastroenterologist and the surgeon.     
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        Introduction 

 While literature on other chronic diseases such as coronary 
artery disease, congestive heart failure, and diabetes has tried 
to address the issue of medication non-adherence and its 
effect on disease outcomes, the impact of medication 
 adherence on specifi c infl ammatory bowel disease (IBD) 
outcomes has just recently become of interest. The published 
literature of the effi cacy of IBD maintenance medications 
underestimates the extent of the problem, as patients often 
conceal their failure to take medications as directed once 
outside of controlled clinical trial environments. The remain-
der of this chapter will discuss the state of knowledge regard-
ing the issues surrounding non-adherence in the management 
of ulcerative colitis (UC).  

    Current Data on Non-adherence 

    Non-adherence to Medications 

 Multiple studies have demonstrated the effi cacy of 
 aminosalicylates as fi rst line therapy to induce and maintain 
remission in UC [ 1 – 5 ]. These well-designed multi-center tri-
als have used pill count and patient inquiry to assess adher-
ence, with rates ranging from 70 to >95 %. Based upon 

community- based follow-up studies in other chronic 
 illnesses, the  percentage of long-term adherence tends to be 
much lower, about 40–50 % [ 6 ]. This wide variance across 
studies can be explained by (1) a study’s defi nition of adher-
ence, (2) the degree to which the investigators were proactive 
in adherence measures, and (3) patient population. 
Particularly after remission has been established, patients 
may not believe (or understand) the importance of continu-
ing on maintenance therapy. Many patients openly admit 
they do not take their medications as prescribed; medication-
taking probably makes patients more uncomfortably aware 
of their chronic illness status, they have a fear of long-term 
side effects from medications, and they question the need for 
medication in the setting of quiescent disease. 

 Patient adherence is defi ned as the extent to which an indi-
vidual’s behavior coincides with medical or health advice [ 7 ]. 
The term “adherence” replaces “compliance”, the latter a 
term that conveys a paternalistic concept of medical care and 
patient obedience to the physician’s authority (Table  30.1 ). 
Despite research attempting to profi le non- adherent patients, 
there are no characteristics consistently linked to non-adher-
ence. This is not surprising, given that patient non-adherence 
varies between and within individuals as well as across time, 
recommended behaviors, and diseases.

   The issue of adherence was fi rst introduced several 
decades ago, in several published studies addressing long- 
term sulfasalazine use in UC. Das and colleagues defi ned its 
metabolism in patients with ulcerative colitis, during both 
the active and quiescent phases of the disease. They subse-
quently studied the relationship between clinical status and 
serum concentrations of sulfasalazine and its metabolites [ 8 ]. 
Levels of total sulphapyridine (SP) were demonstrated to be 
different in slow versus rapid acetylators, and that a serum 
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concentration of 20–50 μg/ml appeared to coincide with 
clinical improvement in the absence of side effects. One year 
follow up on 64 outpatients revealed that of the 43 patients 
with quiescent disease, 32 had total SP levels above 20 μg/ml 
remained in remission [ 9 ]. Ten of 21 with active disease had 
levels below 20 μg/ml and remained symptomatic. The cor-
relation between “therapeutic” levels and disease activity 
suggested that adherence was associated with an improved 
outcome, and that following metabolite levels may be a 
method to monitor patient adherence. 

 In a second study, Van Hees et al. measured urine levels of 
acetylated sulfasalazine as a marker for adherence in 51 
patients 1–6 months after hospital discharge and in 171 out-
patients over several years [ 10 ]. The authors found that non- 
adherence, as defi ned by undetectable urine levels, in the 
months after hospital discharge approximated 40 %. In the 
cohort of outpatients followed on maintenance doses of sul-
fasalazine, 12 % had undetectable urine levels at 6-month 
follow up. 

 In a study by a group of Italian psychiatrists treating IBD 
patients, Nigro et al. examined the effect of psychiatric dis-
orders on adherence with medications [ 11 ]. They found a 
correlation between duration of disease and adherence but an 
inverse relationship between disease severity and the pres-
ence of signifi cant psychiatric disorders with regular medi-
cation consumption. Their recommendation was preventive 
liaison interventions for these patients to improve disease 
outcomes. 

 In an attempt to understand the possible effect of adher-
ence on disease outcome, Riley and colleagues included 
adherence as a potential factor leading to disease relapse in 
patients with quiescent UC [ 12 ]. Medication adherence was 
determined by pill count and direct patient inquiry. After 48 
weeks, there was no difference in adherence rates between 
the patients who relapsed versus those who remained in 
remission. However, the total adherence for both groups was 
>95 % throughout the study, making the interpretation of 
these fi ndings diffi cult. 

 Farup et al., in their trial of mesalazine (European term 
for mesalamine) versus hydrocortisone foam enemas, 

 incorporated the issue of tolerability, ease and adherence into 
the data collection [ 13 ]. In this 4-week trial, patients were 
asked to mark on a 100 mm visual analog scale an assess-
ment of their medication regimen with regard to ease of 
administration and practicality. Adherence, as measured by 
the return of unused bottles, was >80 % at 2 weeks in both 
groups, then dropped to 73 % for the foam patients but 
remained >90 % for the mesalazine group. The authors sug-
gested that the better outcome in the mesalazine group was 
in part due to convenience and simplicity and thus better 
adherence to that treatment regimen. 

 Riley and colleagues, in another subsequent prospective 
study, studied 98 outpatients with IBD prescribed mainte-
nance delayed-release mesalazine [ 14 ]. Adherence was stud-
ied by both direct inquiry and by analysis of urine samples 
for the presence of 5-aminosalicylic acid (ASA) and  N -acetyl 
5-ASA. Demographic variables, disease and treatment 
related factors, quality of life, psychiatric morbidity and 
aspects of the doctor patient relationship were all assessed as 
possible determinants of adherence. Self-reporting revealed 
non-adherence (taking less than 80 % of the prescribed dose) 
in 42 patients (43 %). Logistic regression revealed three 
times daily dosing (OR 3.1 (95 % CI 1.8–8.4)), full-time 
employment (OR 2.7 (1.8–8.9)) and depression (Hospital 
Anxiety and Depression rating scale >7) (OR 10.5 (1.8–79)) 
were the only independent predictors of non-adherence. 
Urinary drug measurements revealed 12 patients with no 
detectable 5-ASA or  N -acetyl 5-ASA. Of interest, self- 
reporting correctly identifi ed 66 % of patients judged to be 
non-adherent on the basis of urinary drug measurements but 
only 2 of the 12 patients with undetectable drug levels admit-
ted to complete non-adherence. 

 In a published prevalence survey, Kane and colleagues 
found the overall adherence rate with a maintenance dose of 
Asacol to be only 40 % [ 15 ]. Adherence was measured by 
pharmacy refi ll data rather than patient inquiry or pill count. 
The median amount of medication dispensed per patient was 
71 % (range 8–130 %) of the prescribed regimen over a 
6-month period. Noncompliant patients were more likely to 
be male (67 % vs. 52 %,  p  < 0.05), single (68 % vs. 53 %, 
 p  = 0.04) and to have disease limited to the left side of the 
colon vs. pancolitis (83 % vs. 51 %,  p  < 0.01). Sixty-eight 
percent of patients who took >4 prescription medications 
were found to be noncompliant versus only 40 % of those 
patients taking fewer medications ( p  = 0.05). Age, occupa-
tion, a family history of IBD, length of remission or quality-
of- life score was not associated with nonadherence. Logistic 
regression identifi ed that a history of >4 prescriptions (OR 
2.5 (1.4–5.7)) and male gender (OR 2.06 (1.17–4.88)) 
increased the risk of nonadherence. Two statistically signifi -
cant variables that were protective against nonadherence 
were endoscopy within the past 24 months (OR 0.96 
(0.93–0.99)) and being married (OR 0.46 (0.39–0.57)). 

   Table 30.1    Defi nitions of the key terms commonly used to describe 
the concept of non-adherence [ 8 ]   

  Compliance  is defi ned as “the extent to which the patient’s behavior 
matches the prescriber’s recommendations”. 
  Adherence  is defi ned as “the extent to which the patient’s behavior 
matches agreed recommendations from the prescriber”. 
  Concordance  is a relatively new concept, predominantly applied 
outside the US, defi ned as a two-way relationship between patient and 
physician, where treatment decisions are discussed and the treatment 
of choice is the one most acceptable to both parties. 
  Persistence  is defi ned as the continued adherence over time to the 
prescribed medication. 
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 In a recent systematic review, Jackson et al. noted that the 
number of daily doses is not consistently related to non- 
adherence, and none of the signifi cant relationships that have 
been observed relate to once daily dosing compared to twice 
daily [ 16 ]. Although there remains much discussion regard-
ing the optimum dosage of 5-ASA, it would be important to 
keep in mind the patient’s preferences and not assume that a 
once daily formulation is “better” than one taken twice a day. 
What does seem apparent that even for active disease no 
5-ASA has to be dosed more than twice a day [ 17 ].  

    Non-adherence with Non-medication Related 
Treatment and Therapies 

 Patient adherence rates with surveillance colonoscopy are 
not well documented. In the only study that directly addressed 
this issue, Woolrich et al. reported on 7 patients of their 
cohort of 121 that were found to have cancer [ 18 ]. In two of 
these patients, previous colonoscopy had found dysplasia in 
the setting of quiescent disease, and neither of these patients 
were adherent with recommendations for close follow up 
colonoscopy or colectomy. It was the conclusion of the 
authors that quiescent disease was a risk factor for non- 
adherence with physician recommendations.   

    Adherence and Outcomes 

 What data do we have that would compel a patient to con-
tinue taking medication in the setting of well-being? A pro-
spective 2-year follow up on a cohort of patients with 
quiescent UC was done to help answer this question [ 19 ]. 
Patients in remission were enrolled and then stratifi ed by 
adherence based on the previous 6-month pharmacy refi ll 
data. At 6 months, 12 patients (12 %) had clinical recurrence 
of disease symptoms, all of whom were noncompliant with 
medication. At 12 months, 19 of 86 patients had recurrent 
disease, 13 (68 %) of whom were noncompliant. Multiple 
Cox proportional hazards model revealed that patients not 
compliant with medication had more than fi vefold greater 
risk of recurrence than the compliant patients (hazard ratio 
5.47, 95 % confi dence interval 2.26–13.22,  p  < 0.001). As 
part of the study, non-adherent patients were asked why they 
were not taking their medications [ 20 ]. The majority stated 
that they simply forgot one of their doses. Fewer than 10 % 
of patients complained of side effects and cost. 

 There are now several studies that suggest that docu-
mented medication consumption is protective for colon can-
cer, which is an important concern for the long-term natural 
history of UC. Moody et al. studied 168 patients with UC 
diagnosed between 1972 and 1981 and correlated sulfasala-
zine non-adherence with risk of colorectal cancer [ 21 ]. 
A patient was classifi ed as non-compliant if there was clear 

evidence in the medical record of medications not taken, or 
upon the advice of a physician medication was discontinued. 
Their crude colectomy rate was 23 % in 10 years with a 3 % 
rate in those patients on maintenance sulfasalazine, and 31 % 
in patients either non-compliant or off all medications. Since 
the authors found a colectomy rate and cancer incidence 
similar to previously published series, they concluded that 
medications were benefi cial in reducing cancer risk. In a sec-
ond retrospective case control study, Pinczowski found that a 
record of at least a 3-month history of therapy with sulfasala-
zine had a protective effect for colon cancer [ 22 ]. There was 
a 62 % reduction in risk with any history of therapy in the 
102 patients studied. It is diffi cult to interpret this fi nding 
however, as documentation of dose and duration of therapy 
for each patient was imprecise. More recently, a published 
meta-analysis suggests that the risk reduction for dysplasia 
and colorectal cancer is signifi cant [ 23 ]. 

 Eaden and colleagues found in a case-control study that 
mesalamine at a dose of 1.2 g/day or greater reduced colorec-
tal cancer risk by 91 % in patients with UC compared to no 
treatment [ 24 ]. There was also a protective effect of >2 visits 
to the physician per year, but the same was not found for the 
number of surveillance colonoscopies. More data on mesala-
mine comes from investigators at Mount Sinai Medical 
Center in New York who followed patients whose colon biop-
sies were indeterminant for dysplasia [ 25 ]. Those patients on 
2 g or more of 5-ASA per day did not progress to defi nite 
dysplasia, suggesting that any chemoprotective effect occurs 
early in the cancer progression pathway. Rubin and col-
leagues studied the University of Chicago experience with all 
forms of 5-ASA in ulcerative colitis patients [ 26 ]. The use of 
at least 1.2 g daily of a 5-ASA carried a 76 % relative risk 
reduction for the development of colorectal cancer, when 
controlled for disease extent, duration and folic acid use. In 
contrast, IBD patients on 5-ASA agents followed in Canada 
did not appear to have the same protective effect [ 27 ]. 

 There have also been recently published data on the 
effects of non-adherence on health care costs. Kane et al. 
demonstrated that those UC patients without an active pre-
scription cost 30 % more in hospital and outpatient costs 
than patients who were taking medication [ 28 ]. In addition, 
those taking less than 80 % of medication were also associ-
ated with higher health costs. Yen et al. performed a cost 
effectiveness study and showed that over a year period adher-
ence with 5-ASA was associated with a higher health care 
quality of life than those who were not [ 29 ].  

    Methods to Optimize Adherence 

 Optimizing adherence is most effective when open lines of 
communication characterize the relationship between physi-
cian and patient (Table  30.2 ). Allowing the patient the time 
to voice his concerns and questions is the fi rst step in  effective 
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education. Open-ended questions during a patient visit can 
be time consuming, but setting an appropriate tone so as not 
to overestimate the patient’s level of education is paramount 
in establishing a good relationship. One study from the psy-
chology literature featuring IBD patients revealed that, when 
asked, their greatest concern was the uncertain nature of their 
disease [ 30 ]. In addition, patients expressed a signifi cant 
concern about the effect of medications on their disease. In 
another more recent study, patients were asked what were the 
most important attributes to therapy [ 31 ]. While 76 of the 
100 patients surveyed said that convenience was important, 
95 of them stated that the most important attribute should be 
the ability to provide consistent relief from symptoms.

   It has been suggested that physicians may overestimate 
patient comprehension in regard to instructions and educa-
tion. Martin and colleagues showed that of IBD patients 
polled, 62 % of ulcerative colitis patients felt ill informed 
about their disease [ 32 ]. While 86 % of patients responding 
knew of the increased risk of cancer, only 44 % know that it 
was possible to screen for dysplasia and possible prevention 
of invasive cancer. Other literature also suggests that non- 
adherence is linked to patient non-comprehension [ 33 ]. 
Another study yet to be published in full form reported that 
in a GI outpatient clinic that 15 % of patients did not know 
how their medication worked, 22 % felt dissatisfi ed with 
their medications, primarily from unexpected side effects, 
and 12 % admitted they do not tell their physician all the 
medications that they take [ 34 ]. 

 A new model of patient adherence has been proposed in 
which effective patient-physician dialog is central to promot-
ing patient adherence [ 35 ]. This theoretical framework is in 
part supported by fi ndings that higher patient physician dis-
cordance has been associated with unfavorable health out-
comes as well as with decreased patient satisfaction, a 
variable that is related to poorer adherence. In a study of 153 
patients, the non-adherence rate for IBD medications within 
2 weeks of a clinic visit was 41 % [ 36 ]. Eighty-one percent 
of these patients were found to have “non-intentional” non- 
adherent behavior, i.e. forgetfulness or carelessness in taking 
medication. Intentional non-adherence was found to be asso-
ciated with patients who were considered “non-distressed” 
by psychosocial measurements but showed high discordance 
with their physician in terms of disease activity. The clinical 
implications of these fi ndings suggest that the therapeutic 
relationship can infl uence adherence just as much as indi-
vidual clinical and psychosocial characteristics. 

 Closely linked to this is the concept of health literacy. 
Patients may not fully understand their condition or the pur-
pose of their medication, so an element of patient education 
could be included in consultations [ 37 ]. There are a number 
of sources of information and support available throughout 
the wider healthcare system. In particular, it may be benefi -
cial to direct patients to relevant patient groups, which can 
provide valuable information and support. A well-informed 
patient may be better equipped to make reasoned, logical 
decisions regarding their treatment. Additionally, patient edu-
cation could help to reinforce the necessity of maintenance 
therapy. For example, patients should be reminded of the evi-
dence that there is a far higher risk of relapse if they do not 
adhere to their medication. In addition, it may be benefi cial to 
discuss the potential chemoprotective effects of 5-ASA. 

 Simplifying patient regimens can be an effective way to 
increase adherence. A pilot feasibility trial assessed short- 
term outcomes in patients on once daily mesalamine com-
pared to a conventional (twice or three times daily) regimen 
for maintenance of ulcerative colitis [ 38 ]. Secondary aims 
included overall medication consumption rates and patient 
satisfaction. Twenty-two patients were randomized, and fol-
lowed for 6 months. The number of clinical relapses after 6 
months was similar in the once daily and conventional dos-
ing groups. While there was no statistically signifi cant differ-
ence in 6-month adherence rates between the two groups, 
there was a numerical advantage for overall consumption 
with a once daily regimen and patients in the once daily 
group were on the whole more satisfi ed with their regimen as 
compared to the conventional dosing patients. Since that 
time, two large trials have been published that have docu-
mented the effi cacy of once daily therapy [ 39 ,  40 ]. 

 Patient autonomy is also a means to enhance adherence 
with medications. Realizing the potential diffi culties for long 
term adherence with sulfasalazine, Dickinson et al. studied 
continuous versus “on demand” sulfasalazine in 28 patients 
with quiescent ulcerative colitis [ 41 ]. Of the 18 patients in 
the “on demand” group, directed to take 3 g of sulfasalazine 
per day starting within 24 h of symptom recurrence, seven 
relapsed within the study period, four within the fi rst 2 
months of the trial. Three of the ten patients randomized to 
the continuous group relapsed. Adherence was measured by 
serum sulfapyridine levels every 4 months for 1 year or until 
relapse, and was reported as adequate for patients in either 
group. The authors concluded that because there was no dif-
ference in relapse rates between the two groups, and that by 
serologic testing sulfapyridine levels were therapeutic, that 
an “on demand” regimen may be as effi cacious as continu-
ous therapy. These results were published as preliminary, 
and unfortunately no larger studies have been published to 
date that corroborate these results. 

 This patient-centered, self-management approach offers the 
opportunity to improve outcomes through patient education 

   Table 30.2    Methods to enhance patient compliance   

 • Communication regarding medication concerns 
 • Education about necessity of medications long term 
 • Simplifi cation of patient regimens as much as possible 
 • Provision of patient autonomy and self-management 
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and empowerment. In a British study, 203 patients with UC 
were randomized to either routine treatment by a specialist or 
patient-centered self-management in the primary care setting 
[ 42 ]. Patient training included a written algorithm for treat-
ment and a 15–30 min training session. In the self- management 
group, relapses were treated signifi cantly more rapidly than in 
the conventional group (14.8 h vs. 49.6 h,  p  < 0.01), had fewer 
offi ce visits (0.9/year vs. 2.9/year,  p  < 0.01), and the length of 
the fl ares that did occur was shorter. 

 Evidence suggests that adherence varies with time, with 
patients often becoming less adherent with increasing dura-
tion of treatment. Maintaining adherence for extended peri-
ods of time is defi ned as persistence. A study investigating 
the prescription refi ll data from more than 3,500 UC patients 
over a 2-year period demonstrated that there is a marked 
decrease in adherence over time, with 57 % of patients adher-
ent at 3 months, but only 55 % of those patients were still 
adherent after 12 months [ 43 ]. Another similar study in a 
larger group of patients over 12 months including Lialda ®  
prescriptions demonstrates the same trend over time 
(Fig.  30.1 ) [ 44 ]. This suggests that patients may need some 
reinforcement of the importance of their medication at cer-
tain time points. This is the premise behind a concept which 
could be termed “interval empathy”, whereby patients are 
contacted at certain times when the risk of non-adherence is 
judged to be greater [ 45 ]. For example, after 3 months, a 

patient is likely to be in remission but may be at increased 
risk of non-adherence. The patient could be contacted to 
reinforce the message that continuing with their treatment is 
benefi cial to their health. This could also give patients an 
opportunity to voice any new concerns that may have arisen 
since their last consultation. Various approaches are being 
piloted, with doctors or specialist nurses contacting patients 
by means such as telephone, text message or email.

   The use of validated tools to help clinicians screen for 
those patients who are non-adherent has become of interest 
recently. Trindade et al. demonstrated that the use of the 
Morisky Medication Adherence Rating Scale was able to 
predict in a population of patients with infl ammatory bowel 
disease those at high risk for non-adherence [ 46 ]. A follow 
up study performed by Kane and colleagues showed that 
patient scores could indeed correlate with non-adherence 
( p  = 0.006), but when stratifi ed by class of therapy, it was 
only immunomodulators that this correlation was seen 
( r  = 0.26,  p  = 0.02) [ 47 ].  

    Conclusions 

 Medication non-adherence is prevalent in chronic illnesses, 
and ulcerative colitis is no exception. The problem is still not 
well-understood since it is diffi cult to predict who and when 

  Fig. 30.1    5-ASA persistency over 12 months. Adapted from Kane S, Sumner M, Solomon D, Jenkins M. Persistency with Mesalamine Therapy: 
Long term Results in Patients Persistent with Therapy at Onset. Am J Gastroenterol 2009; 104 (Suppl 3)A 1269 [ 44 ]       
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non-adherence becomes a clinically important issue. As 
 discussed above, there is emerging data to show the long-
term benefi ts of adherence, and then risks of non-adherence, 
with medications or other physician recommendations. 
Through physician and patient education, the clinical rele-
vance of adherence can be emphasized and in the long-term 
disease outcomes will be improved. 

 Whilst predictive tools to identify patients at risk of non- 
adherence are likely to be very useful, it is still important to 
monitor adherence between consultations and identify, at the 
earliest opportunity, those patients who slip through the net 
and do still become non-adherent. One approach that could be 
developed in the future might be the adoption of a more inte-
grated approach, whereby pharmacies and primary care could 
coordinate with secondary care clinicians to identify signs 
that a patient is not adhering to their medication. This may 
assist clinicians who, when encountering relapsing patients, 
may wish to take steps to ensure that the prescribed regimen 
is being adhered to before starting a new course of therapy.     
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        Introduction 

 Infl ammatory bowel disease (IBD) comprised of ulcerative 
colitis (UC), and Crohn’s disease (CD) is a chronic idio-
pathic intestinal disorder that affl icts more than one million 
people in the United States [ 1 ]. Its impact on quality of life is 
profound and results in a substantial economic burden [ 2 ,  3 ]. 
Effective therapies are available to induce and maintain 
symptom remission; however, there are multiple barriers to 
successful patient outcomes. Such barriers include but are 
not limited to poor adherence to medical therapy [ 4 – 8 ], lim-
ited patient education [ 9 ], inadequate patient monitoring, 
limited access to care, and medication side effects [ 10 ,  11 ]. 

 Diseases like IBD are associated with a high-risk of medi-
cation nonadherence because of the unpredictable disease 
course with long periods of low activity in between fl ares of 
disease. Only 40–60 % of patients with quiescent UC are 
adherent to aminosalicylate (5-ASA) therapy [ 7 ,  8 ,  12 ,  13 ]. 
Nonadherence to therapy is not trivial because nonadherent 
patients are fi ve times more likely to have disease exacerba-
tions [ 6 ], and direct health-care costs are increased in nonad-
herent patients [ 14 ]. The reasons for nonadherence vary. 
Sewitch et al. found that most instances of nonadherence in 
IBD were unintentional with 31 % of patients simply forget-
ting to take medicines. Variables positively associated with 
unintentional nonadherence include younger age, less active 
disease, new patient status, no prescription for steroids, 

and lower patient-physician discordance [ 8 ]. Patient 
 miscomprehension is another important factor leading to 
nonadherence since 62 % of patients with IBD perceive 
that  they are misinformed about their illness [ 15 ]. 
Miscomprehension can be linked to nonadherence when 
patients do not understand why they are taking medications 
or when they are surprised by unexpected side effects [ 5 ,  16 ]. 

 Despite the fact that effective therapies exist to treat IBD, 
all current medications have potential side effects [ 17 ] that 
can result in cessation of therapy, decrease adherence with 
therapy [ 5 ], and worsen symptoms [ 11 ]. Improved detection 
of side effects and better patient education regarding side 
effects may improve outcomes. Improved monitoring of 
IBD symptoms is another potential mechanism to improve 
outcomes. Currently, patients with IBD are seen at sched-
uled intervals. Because exacerbations of bowel symptoms 
are sporadic, scheduled offi ce visits are often discordant 
with disease fl ares. In addition, when patients develop recur-
rent symptoms, long delays may ensue before offi ce visits 
are scheduled. 

 Self-management could be implemented to encourage 
patient self-monitoring and earlier initiation of treatment. 
Robinson successfully implemented a self-care plan in 
patients with UC. In this study, UC patients treated success-
fully with steroids during a hospitalization were randomized 
to usual care (scheduled clinical visits after hospital dis-
charge) or to self-management for 1 year. Participants in the 
self-management group received individualized, written 
action plans without clinical follow-up. Relapses in the self- 
management group were treated earlier and were shorter in 
duration, and utilization of health-care resources was 
decreased [ 18 ]. Similarly, self-care plans implemented in 
UC patients in the United Kingdom decreased hospitaliza-
tion rates, sustained quality of life, and increased coping 

mailto: rcross@medicine.umaryland.edu


336

without increasing the number of outpatient visits or increas-
ing patient anxiety [ 19 ]. Neither of these studies utilized 
telemedicine to administer action plans.  

    Telemedicine in Chronic Disease 
and Infl ammatory Bowel Disease 

 Telemedicine is a candidate intervention that can help practi-
tioners follow current clinical guidelines, prompt patients 
to adhere to medications, help providers educate patients, 
assist providers in monitoring patients, increase patient and 
provider interactions, help providers and patients initiate 
therapy earlier, and help patients adhere to self-care plans 
(see Fig.  31.1 ).

   Although not routinely applied to chronic gastrointestinal 
illnesses such as UC, telemedicine has been applied to 
chronic conditions similar to UC, and patients’ acceptance of 
telemedicine systems is high [ 20 – 26 ]. IBD shares many sim-
ilarities to these other chronic illnesses in that patients have 
long-term symptoms, experience frequent recurrence of 
symptoms, and require ongoing medical therapy to control 
symptoms and prevent relapses. A home telemanagement 
system similar to that described below was well accepted by 
patients with asthma [ 21 ], resulted in greater adherence with 
self-action plans [ 27 ], improved quality of life and patient 
knowledge, and decreased urgent care visits [ 28 ]. In a 
follow- up study by Finkelstein et al, signifi cant improve-
ments were noted in asthma symptoms, self-administered 
spirometry, adherence to action plans, and decreased use of 
quick- relief inhalers [ 28 ]. Likewise, a large randomized trial 
from a different center demonstrated that Internet-based 
monitoring reduced asthma symptoms and improved lung 
function and quality of life compared to specialist or general 
practitioner monitoring [ 29 ]. In diabetes, several studies 

demonstrated reduced glycosylated hemoglobin with the use 
of telemedicine [ 30 – 35 ]. Telemedicine was shown to improve 
quality of life and to decrease hospitalizations and length of 
stay, emergency room visits, and offi ce visits [ 36 ,  37 ]. 
Moreover, even studies that showed no improvement in gly-
cosylated hemoglobin showed that telemedicine results in 
equivalent outcomes with decreased clinical visits [ 38 ]. 
A recent systematic review summarizes the effect of tele-
medicine interventions in patients with diabetes. Overall, 
telemedicine interventions decrease glycosylated hemoglo-
bin and complications of disease [ 39 ]. In congestive heart 
failure, telemedicine improved clinical outcomes and quality 
of life [ 40 ,  41 ]. Further, telemedicine interventions decreased 
utilization of health-care resources [ 40 ,  42 ]. Roth and col-
leagues showed that telemedicine decreased hospitalizations 
by 66 %, and Benatar et al. demonstrated decreased hospital-
ization costs in the telemedicine group [ 40 ,  42 ]. 

 Pilot testing of telemedicine in IBD has demonstrated that 
it is feasible to use and that patient acceptance is excellent 
[ 43 – 45 ]. One pilot study assessed the acceptance of a home 
telemanagement system for IBD (IBD HAT) in ten patients 
with IBD. IBD HAT was comprised of three components: a 
patient home unit, a decision support server, and a web-based 
clinician portal. The patient home unit included an electronic 
weight scale connected to a laptop computer via a serial port 
for self-testing [ 44 ]. 

 The laptop computer contained a symptom diary, side 
effect inventory, adherence check, and assessment of body 
weight. Patients answered questions directly using the lap-
top; weight was assessed after audio prompts from the 
 laptop. Individualized patient data was entered into the 
secure web portal; information collected included contact 
information, medication prescriptions, IBD HAT testing 
schedules, and disease history. Clinicians used the web por-
tal to customize medication and side effect profi les for each 
patient. Furthermore, a clinical alert system was customized 
for each patient based on responses to the symptom diary, 
medication side effect questions, self-reported adherence, 
and body weight. Figure  31.2  demonstrates the fl ow of 
data communication in this telemedicine system. Once self-
testing was completed, patients received an IBD-related edu-
cational prompt in the format of a “tip of the day”; the 
following week, patients were asked a question about the tip. 
Patients could not advance in the educational curriculum 
unless they answered the question correctly. The results of 
self-testing were submitted telephonically and were avail-
able for review immediately thereafter on the secure web 
server [ 44 ].

   IBD HAT was tested on ten adult patients with 
IBD. Participants underwent a single 45-min training session 
during which they were taught how to use the equipment. 
They then completed self-testing without supervision. All 
participants reported that self-testing was not complicated 

  Fig. 31.1    Theoretical model for improved outcomes with the use of 
telemedicine [Tele-infl ammatory bowel disease (IBD)] in patients 
with IBD       
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and that the symptom diary and side effect questions were 
easy to answer. Participants felt that self-testing took very 
little time and that they could adhere to self-testing at least 
three times per week. Most patients thought IBD HAT would 
make them feel safer, and 80 % would agree to use the sys-
tem in the future [ 44 ]. 

 Based on the positive pretesting results, a 6-month open- 
label trial to assess the feasibility and patient acceptance of 
IBD HAT in patients with IBD was performed. Thirty-four 
patients were enrolled. Each participant received an initial 
45-min instruction session at their home during which they 
were taught how to operate the equipment. After this initial 
training session, the participants were asked to complete 
weekly self-testing sessions over a 6-month period. During 
the study period, participants continued to receive standard 
IBD care in addition to the weekly HAT sessions. Twenty- 
fi ve participants successfully completed the 6-month study. 
Fifteen participants had CD, nine had UC, and one had inde-
terminate colitis. Over the study period, 89 % of participants 
were adherent with weekly self-testing. Attitudes toward 
IBD HAT were also very good; 95 % of participants said that 
self-testing was not complicated. Ninety percent of patients 
reported that use of the weight scale was not diffi cult, and 
100 % reported use of the computer was not diffi cult. 
Similarly, 90 % reported that answering the symptom diary 
and medication side effect questions were not diffi cult. 
Participants reported that self-testing took very little time 
and did not interrupt their usual activities. Seventy percent of 
patients felt safer using the system. Mean self-reported 
adherence with IBD medications was 90 % throughout the 

study. Clinical disease activity, disease-specifi c quality of 
life, and patient knowledge improved after using IBD HAT 
for 6 months compared to baseline [ 45 ].  

    Home Automated Telemanagement 
for Ulcerative Colitis (UC HAT) 

 Several modifi cations to the IBD HAT system were made to 
make it specifi c for patients with UC (UC HAT). First, the 
symptom diary and alert criteria were changed to make them 
specifi c to patients with UC. The UC symptom diary con-
sisted of 14 questions, which assessed overall well-being, 
functional status, bowel symptoms, systemic symptoms, and 
extraintestinal manifestations of UC. Subscores were gener-
ated for questions that dealt with overall well-being, number 
of liquid stools per day, nocturnal awakening, and amount of 
visible blood in bowel movements. Total and subscore 
thresholds were individualized for each participant to 
increase or decrease sensitivity. Second, self-care or action 
plans were added to the system (see Fig.  31.3 ). Based on 
scores generated from the UC symptom diary, participants 
received self-action or action plans in one of three catego-
ries: (1) green zone, for patients with no to mild symptoms; 
(2) yellow zone, for patients with moderate symptoms 
(Table  31.1 ); or (3) red zone, for patients with severe symp-
toms. Each severity zone lists several actions that providers 
can choose for participants to initiate as part of their self- 
management plan. These action plans could also be modifi ed 
by the provider on the web portal as needed. Third, an electronic 

  Fig. 31.2    Model of the home 
telemanagement system for 
patients with infl ammatory 
bowel disease       
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messaging system (automated and free text) was developed 
for participants to communicate to the research team [ 46 ].

    The feasibility and acceptance of UC HAT were assessed 
in ten patients with UC. Pretesting yielded similar results in 
the UC population compared to the overall IBD population. 
All participants felt that using the computer and self-testing 
system was not complicated, and nine of the ten participants 
reported no diffi culty in using the weight scale or in answer-
ing the symptom diary and side effect questions. Seven par-
ticipants reported that they would feel safer using UC HAT, 
and eight felt it was important that the IBD center physicians 
monitored their results [ 46 ]. 

 In a follow-up controlled trial, forty-seven patients with 
UC were randomized to receive either UC HAT (25 par-
ticipants) or best available care (22 participants). 
Participants in the UC HAT group underwent self-testing 
weekly. Participants in the best available care group under-
went routine and as needed clinic and telephone follow-up, 
received educational fact sheets about IBD, and received 
self-action plans without reinforcement. Disease activity 

was measured by the Seo Index [ 47 ], and disease-related 
quality of life was measured by the Infl ammatory Bowel 
Disease Questionnaire (IBDQ) [ 48 ]. 

 At baseline, 27 % of participants in the best available care 
group used immune suppressants compared to 56 % in the 
UC HAT group ( p  = 0.05). Further, IBDQ scores at baseline 
were lower in UC HAT participants compared to the best 
available care group. During the trial, 8 participants with-
drew in the UC HAT arm compared to 1 in the best available 
care arm. There was no difference in disease activity scores 
or remission rates between the treatment groups at 4, 8, and 
12 months. After adjustment for baseline quality of life, dis-
ease activity scores decreased 12 points from baseline in the 
UC HAT arm ( p  = 0.08) compared to 1 point in the best avail-
able care arm ( p  = 0.84). IBDQ scores increased in the UC 
HAT arm and remained stable in the best available care arm, 
though these differences were not signifi cant at any time 
point after baseline. However, after the adjustment for base-
line disease knowledge, UC HAT participants were noted to 
have a 16-point improvement in quality of life scores at 12 
months from baseline compared to the best available care 
group ( p  = 0.04) (see Fig.  31.4 ). Adherence was low in both 
groups at baseline but improved in both groups over 12 
months; no signifi cant differences in adherence were noted 
between the two groups [ 48 ].

   These results suggest that telemedicine may decrease dis-
ease activity and increase disease-specifi c quality of life in 
patients with UC. This seems to occur despite the fi nding 
that self-reported adherence did not improve in the UC HAT 
group. The negative fi ndings in the intention to treat analysis 
were likely affected by the high attrition rate in the UC HAT 
arm, which calls into question the utility of UC HAT for 
long-term use. It is possible that a different telemedicine sys-
tem, such as a web-based unit, would decrease attrition rates 
in future trials and improve outcomes. Furthermore, future 
studies are warranted to identify what if any factor in the UC 
HAT system is associated with improved outcomes.  

  Fig. 31.3    Information fl ow 
in Tele-infl ammatory bowel 
disease (IBD)       

   Table 31.1    Example of self-care or action plan delivered by the UC 
HAT system for participants in the yellow zone   

 Yellow zone  Symptoms  Actions 

 Moderate 
symptoms 

 Overall health 
poor 

 Continue your current meds; it can 
take a few weeks to take effect 

 4–6 BMs/day  Take one Canasa suppository 
nightly 

 1–3 nocturnal 
awakenings 

 Take one Rowasa enema nightly 

 More than trace 
blood in stool 

 Double the dose of oral 
aminosalicylate 
 Start prednisone 20 or 40 mg daily 
 Call your nurse or physician to 
Schedule infl iximab 
 Call your nurse or physician 

   BM  bowel movements  
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    Constant Care for Ulcerative Colitis 

 Researchers from Denmark developed a web-based telemed-
icine system for patients with UC called “Constant Care” 
(  http://www.constant-care.dk    ). Construction of the 24-h 
Constant Care website began in 2001 and was created to be 
available in Danish and English. Using this system, doctors 
were able to prescribe 5-ASA and topical steroid medica-
tions electronically based on patient symptoms, to monitor 
patients longitudinally, and to provide patient education [ 49 ]. 

 Prior to using the website, all participants in the web 
group and their relatives were given educational training 
with a 1.5-h slide presentation on IBD etiology, pathology, 
anatomy, medical and surgical treatments, disease course, 
adherence, nutrition, mortality risk, colorectal cancer che-
moprevention, pregnancy, and breastfeeding. Participants 
and family members also underwent a 1.5-h training session 
in using the Constant Care website. Guidelines for indica-
tions on when to call the provider included having greater 
than six stools per day, daily rectal bleeding, rectal bleeding 
occurring between relapses, fever >37.5 °C, heart rate >90 
beats per minute, severe abdominal pain, symptoms persist-
ing more than 11 days despite escalation of therapy, 
 unexplained weight loss, and/or for any doubts or questions 
regarding the study. Disease-specifi c quality of life was 

m easured on the website with the Short Infl ammatory Bowel 
Disease Questionnaire (SIBDQ) [ 50 ], and the Simple 
Clinical Colitis Activity Index (SCCAI) [ 51 ] was used to 
assess disease activity [ 49 ]. 

 Ten participants with UC and fi ve of their relatives par-
ticipated in the validation study of Constant Care. All partici-
pants in the validation group felt capable of self-initiating 
treatment after the educational training. Eight of ten partici-
pants expected to see an improvement in quality of life, qual-
ity of the treatment, and knowledge of their disease after the 
educational training session [ 49 ]. 

 Subsequently, a randomized controlled trial in Denmark 
and Ireland was conducted to assess the impact of the 
Constant Care website compared to standard care. Patients 
with mild-to-moderate UC were randomly assigned to 
either Constant Care with disease-specifi c education and 
self- treatment or a control group that received standard 
care for 12 months. Outcomes of interest included feasibil-
ity of the Constant Care web system and its infl uence on 
participants’ medication adherence, UC knowledge, quality 
of life, safety, and health-care costs. Exclusion criteria 
included use of infl iximab and immunosuppressant therapy, 
narcotic dependence, previous IBD surgery or likelihood of 
surgery during the study period, 2 or more fl ares per year 
requiring high- dose steroid therapy, pregnancy, and breast-
feeding [ 52 ]. 

  Fig. 31.4    Differences in disease-specifi c quality of life scores from 
baseline between UC HAT and BAC groups at 12 months [ 48 ]. 
Reprinted from Cross RK, Cheevers N, Rustgi A, Langenberg P, 

Finkelstein J. Randomized, controlled trial of home telemanagement in 
patients with ulcerative colitis (UC HAT). Infl amm Bowel Dis. 2012 
Jun;18(6):1018–25., with permission from Wiley       
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 Symptoms were categorized as follows: quiescent-to- 
mild symptoms appeared as a green traffi c light, moderate 
symptoms appeared as a yellow light, and highly active 
symptoms appeared as a red light. During symptom fl are, 
participants were instructed to log onto the system daily to 
complete the SCCAI until their symptoms entered the green 
zone. Entry frequency was then reduced to once weekly until 
4 weeks after the initial relapse. The SIBDQ was to be com-
pleted at the beginning and end of each relapse. Once in 
remission, participants were to log into the system once 
monthly until the next relapse occurred. If symptoms were 
entered such as rectal bleeding, three or more bowel move-
ments per day, or nighttime bowel movements, the system 
recommended initiation of 4 g daily or more of 5-ASA for a 
total of 28 days. Participants were given the option to extend 
this treatment period by an additional 28 days if remission 
into the green zone was not achieved. Participants could also 
choose additional topical 5-ASA treatment and predniso-
lone, based on previous maximal extent of disease and par-
ticipants’ prior treatment experience [ 52 ]. 

 All participants were to have study visits at baseline, 6 
months, and 12 months. During each of these visits, partici-
pants were asked to complete a series of questionnaires, includ-
ing the SCCAI, SIBDQ, Crohn’s Colitis Knowledge Score 
(CCKNOW) [ 53 ], SF-36 [ 54 ], Hospital Anxiety and Depression 
Scale [ 55 ], and Compliance Questionnaire. The Compliance 

Questionnaire included 5 questions on the following topics: 
ease of access to prescription, ability of relapse recognition, 
following the medical doctor’s advice, ability to self-initiate 
acute treatment, and adherence to 5-ASA treatment [ 52 ]. 

 In total, 333 adult participants were randomized. Of these, 
263 (79 %) participants completed the 12-month follow-up 
visit. In the Danish arm of the study, there were no differences 
in 5-ASA adherence between the web and control participants 
(68 % vs. 69 % respectively refi lled at least 80 % of their med-
ication). However, the web group demonstrated signifi cantly 
higher adherence to four weeks of acute treatment compared 
to controls (73 % vs. 42 %,  p  = 0.003). There were signifi -
cantly greater improvements among web group participants in 
IBD knowledge, disease-specifi c quality of life ( p  = 0.04), 
general health ( p  = 0.009), vitality ( p  = 0.03), and emotional 
( p  < 0.0001) and social functioning ( p  = 0.002) as compared 
with the control group. Half of all participants experienced at 
least one fl are of symptoms during the study period, with no 
difference in fl are rates between the groups. However, relapses 
were signifi cantly shorter in the web group compared to the 
control group (median 18 days vs. 77 days,  p  < 0.0001) (see 
Fig.  31.5 ). Furthermore, at the time of relapse, 100 % of web 
participants initiated therapy with high-dose oral 5-ASA com-
pared to 10 % of controls. There was otherwise no difference 
between the groups in disease activity scores as measured by 
the SCCAI or in the rate of hospitalizations [ 52 ].

  Fig. 31.5    Time (days) from the fi rst relapse to remission in web and 
control patients during 1 year of follow-up [ 52 ]. Reproduced from 
Elkjaer M, Shuhaibar M, Burisch J, Bailey Y, Scherfi g H, Laugesen B, 

et al. E-health empowers patients with ulcerative colitis: a randomised 
controlled trial of the web-guided “Constant-care” approach. Gut. 2010 
Dec;59(12):1652–61, with permission from BMJ Publishing Group Ltd       
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   UC-related acute visits were higher in the control group 
compared to the web group (107 visits vs. 21 visits, 
 p  < 0.0001). There were also fewer routine visits in the web 
group. Conversely, there were a signifi cantly higher number 
of emails (86) and phone calls (21) from web participants 
than from controls (seven emails and 17 phone calls) and 
greater 5-ASA use in the web group [ 52 ]. 

 Similarly, medication adherence to four weeks of treat-
ment was signifi cantly greater in the web group compared to 
controls (73 % vs. 29 %,  p  = 0.03) in the Irish arm of the 
study. The web group also demonstrated improved mental 
health ( p  = 0.01), physical functioning ( p  = 0.03), and social 
functioning ( p  = 0.02) compared to controls. However, there 
were no differences between study groups in terms of IBD 
knowledge or disease-specifi c quality of life. Thirty-nine 
percent of web participants experienced a relapse compared 
to 24 % of controls; however, these were shorter than the 
relapses experienced by controls (median 30 days vs. 70 
days,  p  < 0.03). Interestingly, only 15 % of web participants 
initiated high-dose oral 5-ASA at the time of relapse com-
pared to 10 % of controls. Routine visits were decreased in 
web participants relative to controls; however, acute care vis-
its were identical between the two groups [ 52 ]. 

 This study demonstrated that a web-based treatment strat-
egy such as Constant Care can improve short-term adher-
ence, improve quality of life, shorten relapses, and decrease 
utilization of some health-care resources.  

    Conclusion 

 In summary, use of telemedicine appears to be feasible and 
well accepted by patients with UC. In addition, available 
studies have demonstrated improvements in clinical out-
comes. The quasi-experimental study by Cross et al. reported 
decreased disease activity, improved quality of life, and 
increased knowledge after use of IBD HAT for 6 months [ 45 ]. 
Similarly, both randomized controlled trials of telemedicine 
for UC showed improvements in disease activity as measured 
by disease activity indices or length of fl ares and improve-
ments in quality of life. Despite improvements in disease 
activity, adherence was not better in the telemedicine arms in 
either study, except for adherence with acute treatment in the 
Constant Care study [ 48 ,  52 ]. Quality of life improved in the 
telemedicine arms of both studies, and utilization of some 
health-care resources was less in the telemedicine group in 
the European study [ 48 ,  52 ]. For example, routine visits and 
acute care visits were decreased in web participants; however, 
email and phone calls increased, and use of 5-ASA increased 
in the telemedicine group resulting in a net increase in costs 
[ 52 ]. Use of telemedicine systems in  the UC population 
seems feasible; however, attrition rates range from as low as 
8 % to as high as 32 % in the  telemedicine arms [ 45 ,  48 ,  52 ]. 

This raises concerns about long-term adherence to telemedi-
cine systems. Larger studies are needed to explore subgroups 
that might particularly benefi t from telemedicine, specifi cally 
patients with decreased access to care, a history of nonadher-
ence, poor social support, more severe disease (moderate-to-
severe UC), patients with active disease versus disease in 
remission, and patients initiating new drug therapy. Also, the 
fi nancial impact of telemedicine on UC care, positive or nega-
tive, needs to be explored. 

 In UC, use of telemedicine is feasible and well accepted, 
can improve access to care, and can increase a patients’ 
sense of empowerment. Technology will continue to 
advance in quality and ease of use and will likely incorpo-
rate the use of handheld devices in the future. This progress 
should result in the increased use of telemedicine as a treat-
ment alternative or as an adjunctive component to disease 
management in UC.     
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        Introduction 

    Management of ulcerative colitis (UC) is guided by the 
 anatomical distribution of disease, severity of symptoms, 
response to medical therapy and ability of the patient to tol-
erate treatment. In its most severe form, acute ulcerative coli-
tis can carry major morbidity and can be fatal. Disease 
severity indices help guide clinical decisions regarding 
appropriate initial treatment and are particularly helpful for 
patients who fail to show adequate response to fi rst-line ther-
apy but are also essential for evaluating therapeutic response 
and defi ning outcomes in clinical trials [ 1 ]. Indeed, severity 
indices were all developed for use in clinical trials, although 
almost none have been formally validated and none have had 
responsiveness defi ned in clinical practice. 

 Indices measure a “snapshot” of activity, but responsive-
ness has been assumed, rather than tested. This matters, 
because there are several steps in defi ning the properties of 
an index (see below). Initial validation of the index deter-
mines the intrinsic reliability (degree of intra- and interob-
server variation, as well as interaction between descriptors) 
of the index. Thresholds for active disease (perhaps divided 
into mild/moderate/severe) and remission need to be set 
and tested, before responsiveness (the ability to detect 

change in disease activity) is determined. It is inherently 
improbable that patients relapse or respond to treatment in 
a linear  fashion: indeed, clinical practice proves otherwise, 
since patients can relapse suddenly and severely or have a 
saltatory pattern of improvement in symptoms. 
Unfortunately, out of almost a dozen disease activity indi-
ces in UC [ 1 ], only the Pediatric Ulcerative Colitis Activity 
Index (PUCAI) [ 2 ] has formally been validated for symp-
tom severity. Other measures for evaluating disease activity 
include endoscopy, quality of life and histopathology. 
Fortunately there are validated instruments for all these 
measures (unlike indices of symptoms), notably the 
Ulcerative Colitis Endoscopic Index of Severity (UCEIS) 
[ 3 ], Geboes Histopathology Index [ 4 ] and Infl ammatory 
Bowel Disease Questionnaire (IBDQ) [ 5 ]. Nevertheless, 
with the exception of the PUCAI, uncertainty remains over 
their predictive value and their responsiveness in practice. 
Even a universal defi nition of remission has not been agreed 
for clinical trials or practice [ 6 ]. 

 Although disparity between clinical, endoscopic and his-
tological assessments of disease activity in ulcerative colitis 
(UC) has been recognised since 1956 [ 7 ], there has been lit-
tle systematic study of the relationship. Comparisons 
between measures of disease activity in UC show relatively 
poor correlation between the different measures, but this 
should be expected: were any one measure to match another, 
then one of the two would be irrelevant. 

 Consequently, there are many challenges with the formal 
evaluation of disease activity in UC, but the problems are 
further compounded by confusing terminology, different 
names or abbreviations for the same index and the tendency 
to use composite indices that combine symptoms with 
endoscopy and quality of life. Subjective terms (Physician’s 
Global Assessment) are introduced as a fudge factor to 
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allow an overall impression, because of limitations in the 
sensitivity of objective measures of assessment to distin-
guish between mild and moderately active disease. It is 
therefore hardly surprising that people are confused about 
relative drug effi cacy or outcomes in clinical trials, since the 
activity index, endpoints and measures of response or remis-
sion may all differ between trials [ 1 ]. The development of an 
index of disease activity should follow a multistep process 
of descriptor (item) generation, reduction, grading and 
weighting [ 8 – 10 ]. The fi nal product, the clinical index, is 
then evaluated to defi ne cut-off scores that correspond to 
clinically important disease states covering the spectrum 
from remission to severe disease activity. Once the 
 instrument has been developed, it must be evaluated for its 

psychometric properties including validity, reliability, 
responsiveness and feasibility [ 5 ,  11 ,  12 ]. 

 In an attempt to reduce confusion in terminology, the word 
“index” refers to an instrument for assessing disease activity; 
“descriptor” refers to an item within that index with the level 
of severity often allocated on a Likert scale. The word “level” 
(as in the level of a Likert scale) is used to refer to the severity 
graded for an item. The word “score,” so often used as a syn-
onym for index, is best used to describe the overall measure 
provided by an index. Common usage has often confused 
these terms, but they will be used as consistently as possible in 
this chapter. To reduce confusion in the names of indices, syn-
onyms and abbreviations, common names and abbreviations 
for indices used in UC are summarised (Table  32.1 ) [ 13 – 31 ].

     Table 32.1    List of disease activity indices for UC, with common synonyms and abbreviations   

 Type of index  Index main name  aka a   Abbreviation  Reference 

 Symptoms  Partial Mayo score  [ 13 ] 
 Simple clinical colitis activity index  SCCAI  [ 14 ] 
 Modifi ed Truelove and Witts index  Lichtiger score  MTWSI  [ 15 ] 
 Ulcerative colitis clinical score  UCCS  [ 16 ] 
 Paediatric ulcerative colitis activity 
index 

 PUCAI  [ 2 ] 

 Beattie paediatric UC index  [ 17 ] 
 Symptoms and endoscopy  Mayo Clinic score  Disease activity index; 

Mayo score 
 DAI  [ 18 ] 

 Sutherland index  Ulcerative colitis disease 
activity index 

 UCDAI  [ 19 ] 

 Powell-Tuck index  St Mark’s score  PTI  [ 20 ] 
 Rachmilewitz index  Clinical activity index  CAI  [ 21 ] 

 Symptoms and biomarkers b   Seo index  Activity index  Seo  [ 22 ] 
 Truelove and Witts index  T&W  [ 23 ] 
 Montréal classifi cation  [ 24 ] 

 Endoscopy c   Baron score  Baron  [ 16 ,  25 ] 
 Modifi ed Mayo Clinic endoscopy 
subscore 

 Mayo endoscopy score  [ 18 ] 

 Rachmilewitz endoscopy subscore  [ 21 ] 
 Endoscopy activity index  EAI  [ 26 ] 
 Ulcerative colitis endoscopic index 
of severity 

 UCEIS  [ 3 ] 

 Histopathology  Geboes  [ 4 ] 
 Riley  [ 27 ] 
 Saverymuttu  [ 28 ] 
 Truelove and Richards histology 
index 

 [ 7 ] 

 Quality of life  Infl ammatory bowel disease 
questionnaire 

 IBDQ  [ 5 ] 

 Short infl ammatory bowel disease 
questionnaire 

 SIBDQ  [ 29 ] 

 UK infl ammatory bowel disease 
questionnaire 

 UKIBDQ  [ 30 ] 

 Rating form of IBD patient concerns  [ 31 ] 

   a  aka  also known as 
  b Biomarkers: haemoglobin, albumin or erythrocyte sedimentation rate 
  c Only the most common endoscopic indices are included (see Table  32.3 )  
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       Evaluating Symptomatic Activity 

 In clinical practice we conventionally assess patients’ 
 symptoms, but often this is done without using activity indi-
ces to guide management, perhaps with the exception of 
Truelove and Witts’ criteria to defi ne acute severe colitis 
[ 32 ]. Many indices have arbitrarily assigned quantitative 
scores for improvement and lack rigorous design or evalua-
tion but have been used in clinical trials [ 33 ]. Indices tend to 
have been designed for particular disease severities or pur-
pose (such as the MTWSI for hospitalised patients with 
severe colitis, in contrast to the Mayo Clinic score for outpa-
tients with mild or moderately active disease). Therefore, if 
applied to patients with a different pattern of disease, activity 
may be over- or underestimated, which causes further confu-
sion when interpreting outcome data. 

  Partial Mayo Score . Six indices evaluate symptoms indepen-
dently of endoscopic scoring or biochemical markers 
(Table  32.1 ). The Partial Mayo score evolved from the need 
to evaluate patients in clinical trials during the interval 
between endoscopies [ 34 ]. Although readily criticised 
because it is an unvalidated derivation of an unvalidated 
index, it serves a purpose when examining the speed of 
symptom relief or trends in response. When compared with 
other noninvasive indices, it performed well for discriminat-
ing remission from active disease and responsiveness [ 33 ] 
but depends on a Physician’s Global Assessment (PGA). 

  Simple Clinical Colitis Activity Index.  The Simple Clinical 
Colitis Activity Index [ 14 ] was based on the Powell-Tuck 
Index, modifi ed to exclude sigmoidoscopic assessment but 
to include nocturnal bowel movements and urgency of defe-
cation. Urgency is a symptom of vital importance to patients, 
but neglected by other indices. The general well-being score 
was based on the Harvey-Bradshaw Index for Crohn’s 
 disease [ 35 ]. The index was derived from a study of 57 
patients with variable disease extent and severity. It included 
hospitalised patients. Scores range from 0 to 19 points, with 
generally applied thresholds shown in Table  32.2 . It has been 
compared prospectively with the Partial Mayo score, 
Lichtiger (MTWSI), PUCAI, Rachmilewitz (CAI) and Seo 
indices in 86 adult patients [ 33 ]. Along with the PUCAI, it 
performed best of all noninvasive indices for validity, reli-
ability, responsiveness and feasibility. Since it does not 
include a PGA, it can readily be completed by patients.

       Modifi ed Truelove and Witts Severity Index.  The MTWSI 
(Lichtiger Index) was introduced during a pilot study of 
cyclosporine for acute severe colitis in 1990 [ 15 ]. It is impor-
tant to remember that like its progenitor (Truelove & Witts’ 
Index), the focus was on patients with severe colitis and it 
may be less responsive or reliable for patients with less 
severe disease. The MTWSI has a score of 0–21 and com-
prises eight descriptors: number of daily stools, nocturnal 
stools, visible blood in stools, faecal incontinence, abdomi-
nal pain/ cramping, general well-being and need for antidiar-
rhoeal agents. The authors arbitrarily defi ned “response” as a 

   Table 32.2    Commonly used index scores for defi ning remission, mild, moderate or severe activity a    

 Index  Remission b   Mild  Moderate  Severe  Other 

 Simple clinical colitis 
activity index 

 ≤2  3–5  6–9  ≥10  <3 Validated for 
remission and ≥5 
for active disease 

 Modifi ed Truelove and 
Witts index 

 ≤3  4–6  7–11  ≥12 

 Ulcerative colitis clinical 
score 

 ≤1  2–4  5–9  ≥10 

 PUCAI  ≤10  Predictive 
 Mayo Clinic score  ≤2  3–5  6–10  ≥11 
 Sutherland index  ≤2  3–5  6–8  ≥9 
 Powell-Tuck index  ≤3  4–10 if endoscopy ≤1  4–10 if endoscopy ≥2  ≥11 
 Rachmilewitz index  ≤2  ≤8  >8 
 Seo index  <108  120–<150  150–220  >220 
 Truelove and Witts index  No defi nition  <4 Bloody tools/day, no 

systemic features 
 In between  ≥6 Bloody stools/day, 

with  P  >90 bpm, or  T  
>37.8 °C, or Hb <10.5 g/
dL, or ESR >30 mm/h 

   a Thresholds vary between clinical trials; see prospective comparison of indices [ 33 ]; some clinical trials continue to use inappropriate defi nitions 
of remission, especially those using a Rachmilewitz score ≤4 [ 6 ,  33 ] 
  b Criteria are more complex than indicated, since they may be contingent on subscores for rectal bleeding, stool frequency, endoscopy or change 
from the initial score [ 1 ,  33 ]  
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50 % decrease in baseline score, and remission was subse-
quently defi ned as a score ≤3 [ 36 ] although this does not 
necessarily mean absence of symptoms. Although neither the 
score, thresholds nor response has been validated, it quanti-
tates activity which the original Truelove & Witts’ Index fails 
to do, so it may yet be the most suitable index for trials on 
hospitalised patients with acute severe UC [ 37 ]. 

  Ulcerative Colitis Clinical Score . The Ulcerative Colitis 
Clinical Score was designed for a placebo-controlled trial 
of an α(alpha)4β(beta)7 integrin antagonist for UC [ 16 ]. 
The UCCS is a modifi cation of the Mayo Clinic score 
excluding endoscopy, so it is very similar to the Partial 
Mayo score. It comprises four descriptors: stool frequency, 
rectal bleeding, patient’s functional status and PGA. By 
including patient’s functional status in the index, it differs 
from the Partial Mayo score (which comprises the three 
other descriptors, even though functional status is sepa-
rately scored). Although remission (score 0 or 1, as long as 
the endoscopy score was 0–1 on a modifi ed Baron grading 
defi ned in the paper) and response (improvement by ≥3 
points) were described, neither the score nor these thresh-
olds have been validated. Nevertheless, it disarticulated 
symptom scoring from endoscopy, even though it recog-
nised interdependence in the PGA. The Partial Mayo score 
has largely superseded the UCCS for clinical trials, since 
the full Mayo Clinic score is currently (2012) the most 
widely used index in trial design. 

  Pediatric Ulcerative Colitis Activity Index.  The PUCAI was 
devised by paediatric gastroenterologists to provide a nonin-
vasive instrument to assess disease activity in children in 
whom repeated endoscopy is less acceptable to patients and 
parents [ 2 ]. It comprises six descriptors with different levels, 
creating a total score ranging from 0 to 85: abdominal pain, 
rectal bleeding, average stool consistency, number of stool in 
24 h, nocturnal stools and activity level. The PUCAI was 
rigorously developed using descriptor generation by a group 
of 36 experts and descriptor weighting by stepwise multiple 
regression analysis of prospectively collected data from 157 
paediatric UC patients. Validation was assessed on a separate 
prospective cohort of 48 children with UC undergoing colo-
noscopy. Responsiveness was evaluated at follow- up visits in 
75 children. It has predictive value for children admitted with 
acute severe colitis, for whom it has become the standard of 
care for evaluating activity and decision- making (see below). 
The PUCAI has also been shown to be valid, reliable and 
responsive in adults [ 33 ]. This may permit less frequent 
endoscopic assessment for patients with UC both in clinical 
practice and clinical trials [ 33 ]. 

 Beattie and colleagues developed a disease activity instru-
ment for children in a study published in 1996 [ 17 ]. This 
index generated a numerical score from 0 to 10 with four 

descriptors: stool frequency, rectal bleeding, abdominal pain 
and rectal prolapse. It has been evaluated in adults but did 
not perform as well as the PUCAI (which supersedes it in 
children) or the SCCAI [ 33 ].  

    Composite Clinical and Endoscopic Indices 

 Several disease activity instruments combine clinical symp-
toms, endoscopy and quality of life descriptors into a com-
posite index. This is superfi cially appealing, because the 
physician in clinical practice considers all aspects and makes 
a judgement. Nevertheless, the subjectivity of that judge-
ment creates concern for consistency, and validating a com-
posite index creates particular diffi culty, where interaction 
between descriptors has to be evaluated. It is easier to sepa-
rately validate the symptomatic, endoscopic, quality of life 
and (if appropriate) histological components. Indeed, since 
independent indices have been validated for all aspects bar 
symptoms, a composite index appears to swim against the 
tide. On the other hand, the archetypal composite index, the 
Mayo Clinic score, is the index most widely used in clinical 
trials. This has an inherent value, since it allows the effi cacy 
of different trials to be compared, assuming the same end-
points and defi nitions of response [ 38 ,  39 ]. Nevertheless, not 
many gastroenterologists routinely use the Mayo Clinic 
score in clinical practice. 

  Mayo Clinic Score.  The Disease Activity Index (DAI) was 
fi rst described in 1987 for a placebo-controlled trial of mesa-
lamine for active UC [ 18 ]. There are four descriptors: stool 
frequency, rectal bleeding, fi ndings at proctosigmoidoscopy 
and PGA. The stool frequency score is not an absolute num-
ber, but relative to “normal” for that subject, which may 
itself introduce variation between observers that has yet to be 
quantifi ed. Symptoms are assessed over 3 days: some clini-
cal trialists take the average of symptom scores, others the 
worst score in the 3 days preceding the visit. Scores range 
from 0 to 12 points. The physician has access to the patient’s 
functional assessment as a measure of general well-being 
when determining the PGA, but the patient’s functional 
assessment is not used to calculate the score. Defi nitions of 
remission and improvement depend on descriptor subscores. 
Complete resolution is defi ned as a DAI of 0 (normal stool 
frequency, no rectal bleeding, normal proctosigmoidoscopy 
and a PGA of 0). Response has been defi ned as improvement 
in the PGA and at least one other item subscore and no wors-
ening in any other descriptor subscore, although defi nitions 
of response vary [ 1 ]. A more liberal defi nition of remission 
(≤2) has been recognised by the FDA for registration trials 
of infl iximab in the treatment of UC [ 34 ]. A trial endpoint 
is  more easily reached with a lower threshold (i.e. a 
higher score) for remission. This is apparent from the ACT 
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(Active Ulcerative Colitis Trials [ACT] I and II) of  infl iximab 
for patients with UC refractory to standard therapy. The defi -
nition of remission was a DAI ≤2, with no individual sub-
score >1 [ 34 ]. When this defi nition was applied to a 
population of patients without treatment-refractory disease 
in a retrospective analysis of two large trials of mesalazine 
[ 40 ,  41 ], the remission rate for 2.4 g mesalazine increased 
from 22 % (according to the original trial defi nition) to 50 % 
[ 42 ]. The Mayo Clinic score is the activity index for UC 
against which others have to be compared; at present (2012) 
the advantages of common usage outweigh its inherent 
disadvantages. 

  Sutherland Index.  The UC Disease Activity Index (UCDAI) 
was originally used in a placebo-controlled trial of mesala-
mine enemas for the treatment of distal UC [ 19 ]. This is a 
notably different patient population to the MTWSI (above). 
It is a simplifi ed composite index, quite similar to the Mayo 
Clinic score, incorporating four descriptors: stool fre-
quency relative to normal, rectal bleeding, endoscopic 
mucosal appearance and the PGA. Scores range from 0 to 
12 points. Subsequent studies defi ned remission as a DAI 
of 1, with a score of 0 for rectal bleeding and 0 for stool 
frequency and at least a 1 point reduction from baseline in 
sigmoidoscopy score with friability moved from a score of 
1 to two within the sigmoidoscopy score making a more 
stringent defi nition of remission [ 1 ]. The Sutherland Index 
has not been formally validated. The relative simplicity of 
the index provides a means of reducing the impact of physi-
cian and patient subjectivity in disease scoring. The index 
has been adopted in large clinical studies [ 43 ,  44 ]. Of par-
ticular note, a score <2.5 points has been shown to correlate 
with patient- defi ned remission [ 45 ], indicating that sig-
moidoscopy contributes little to the defi nition of remission 
in clinical practice. 

  Powell-Tuck Index.  The PTI was originally developed at St 
Mark’s Hospital, London, when comparing dosing schedules 
of oral prednisolone for the treatment of active UC [ 20 ]. The 
index scores from 0 to 20 points and includes ten descriptors: 
general well-being, abdominal pain, bowel frequency, stool 
consistency, bleeding, nausea/vomiting, anorexia, abdominal 
tenderness, extra-intestinal manifestations and fever. Later 
studies used a variation of the PTI which added an extra two 
possible points by including a sigmoidoscopy assessment 
score. Remission was defi ned as a score of 0 and improve-
ment as a decrease in the baseline score 2 or more points. 
Neither the PTI nor the defi nitions of remission or improve-
ment have been validated, but the index was the basis for 
developing the SCCAI (above). The relative complexity 
refl ects the lack of validation, which would have identifi ed 
redundant descriptors. It is unlikely to have a role in future 
clinical trials and is impracticable for everyday practice. 

  Rachmilewitz Index.  The Clinical Activity Index (CAI) was 
originally used in a controlled trial of coated mesalamine 
compared to sulfasalazine for the treatment of active 
UC. This index generates a score from 0 to 29 points based 
on seven descriptors: number of stools weekly, presence of 
blood, investigators global assessment of symptomatic state, 
abdominal pain/cramps, temperature, extra-intestinal mani-
festations and laboratory fi ndings (ESR and haemoglobin). It 
continues to be used in some clinical trials [ 46 ]. Like many 
indices, the CAI considers an “investigator’s global assess-
ment” to be an essential component. This, however, intro-
duces a layer of subjectivity, depending on the amount and 
quality of time spent with the patient. Similarly, the endo-
scopic element of the CAI depends on the subjective assess-
ment of mucosal properties, including friability. Its main 
weakness is that clinical remission has come to be defi ned as 
any score less than that used to defi ne disease activity (CAI 
score >4). By this measure, a score ≤4 points includes a level 
of symptoms that cannot conceivably be used to defi ne 
remission: this might mean, for instance, that a patient with 
36–60 stools/week (score 2) and a little blood in the stools 
(score 2, total = 4) met the criteria for “remission”! It fails to 
recognise the simple fact that there is a “grey area” in scoring 
systems between the level used to defi ne remission and the 
threshold used for defi ning disease activity. In the prospec-
tive comparison of different disease activity indices, a score 
≤2 best refl ected remission [ 33 ].  

    Composite Symptom and Biomarker Indices 

  Seo Index.  The Activity Index (a term best avoided, since it is 
so readily confused with CAI, DAI or UCDAI) was devised 
using multivariate regression analysis, similar to that used to 
develop the Crohn’s Disease Activity Index (CDAI) [ 22 ]. 18 
clinical, laboratory and sigmoidoscopy variables were initially 
derived from prospective data collected from 72 patients dur-
ing 85 clinical events. The Seo needs a calculator: 60 × blood 
in the stool + 13 × bowel movements + 0.5 × ESR − 4 × haemo-
globin (in g/dL) − 15 × albumin + 200. When correlated against 
the MTWSI as a standard, subjects in remission had a mean 
Seo of 100 ± 11: 90 % those with mild disease had scores 
<150; 83 % those with moderate activity had scores between 
150 and 220 and those with severe disease on average scored 
above 220. The defi nition of remission was therefore set at 
120, but a prospective comparison has shown that a score of 
108 is more appropriate [ 33 ]. This comparison, however, 
showed that the Seo failed one of the four fundamental psy-
chometric criteria for indices: that of feasibility. It also per-
formed less well than others with regard to discriminative 
ability, test-retest reliability and responsiveness. Nevertheless, 
a subsequent study in patients with moderate to severe UC 
suggested that the Seo Index might have  predictive value: 
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following 2 weeks treatment with intravenous corticosteroids, 
65 % of subjects with a score >180 underwent colectomy [ 47 ], 
and following infl iximab treatment, the index predicted 
response to therapy or need for colectomy [ 48 ]. Indices such 
as the Seo use multiple biomarkers and may yet identify 
patients who meet the “regulatory defi nition” of remission, 
without the need for endoscopy (i.e. patients with no more 
than grade I or II on a modifi ed Baron endoscopic score), and 
the absence of visible blood are identifi ed using a cut-off score 
of <120 [ 45 ]. The associations are relatively weak (around 
60 %) and the index is too complex to use in practice. 

  Truelove and Witts.  The fi rst instrument to assess disease 
activity in UC was devised in 1955 by Truelove and Witts 
in the fi rst clinical trial in gastroenterology, evaluating cor-
tisone treatment for UC [ 23 ]. This index has fi ve descrip-
tors: bloody stool frequency, temperature, heart rate, 
haemoglobin and erythrocyte sedimentation rate (ESR). 
The original instrument provided defi nitions for mild and 
severe UC, with all cases in-between classifi ed as moder-
ate. This apparent lack of precision is off-set by the objec-
tive criteria for defi ning (acute) severe colitis, which are 
widely used to defi ne a course of action (hospital admission 
for intravenous therapy, in 27/32 trials of steroids for UC) 
[ 49 ] and which predict outcome [ 50 ]. Its principal disad-
vantage is that it does not generate a quantitative activity 
score, which makes it unsuitable for assessing outcomes in 
clinical trials. Instead, ambiguous terms for evaluating 
response were originally proposed (“improved,” “no 
change” or “worse”), which have no place in clinical trials 
today [ 1 ]. On the other hand, the T&W Index is the 
most amenable for daily clinical practice by defi ning acute 
severe colitis and continues to be used as an entry or exclu-
sion criteria for clinical trials (e.g. CONSTRUCT 
ISRCTN22663589) and is almost universally recom-
mended by national or international guidelines for the man-
agement of acute severe colitis [ 51 – 53 ]. 

  Montréal Classifi cation.  The Montréal Classifi cation was 
developed by an international working group for the World 
Congress of Gastoenterology in 2006 [ 54 ]. It incorporates 
both extent of disease, divided into proctitis (distal to the rec-
tosigmoid junction = E1), left sided (distal to the splenic fl ex-
ure = E2) and pancolitis (proximal to splenic fl exure = E2) 
and severity. The severity scores are based on the Truelove 
and Witts Index, with S0 = remission [ 54 ]. Mild activity (S1) 
was defi ned as 4 or fewer bloody stools/day without signs of 
systemic toxicity and with a normal ESR. Moderate activity 
(S2) was defi ned as more than 4 bloody stools/day, with 
 minimal systemic toxicity. Severe colitis was defi ned in the 
classical T&W description, with 6 or more bloody stools/day 
with a pulse >90 bpm, temperature >37.8 °C, haemoglobin 
<10.5 g/dL or ESR >30 mm/h. The index is pragmatic and 

was meant to be applied in clinical practice, especially with 
regard to large clinical studies (such as those involving 
genetics or disease databases), but although responsiveness 
has never formally been tested, it appears too insensitive for 
use in clinical trials—other than as a threshold for defi ning 
acute severe colitis.  

    Evaluating Endoscopic Activity 

 Endoscopic indices evolved from the Baron score, initially 
developed for rigid proctoscopy in ambulatory patients with 
mild to moderate disease, which rated mucosal bleeding and 
friability [ 25 ]. Subsequent endoscopic indices were of 
increasing complexity and incorporated the presence of 
ulcers, mucopus, granularity or light scattering in addition 
to bleeding and friability [ 18 ,  19 ,  54 ,  55 ]. Such modifi ca-
tions were intended to improve the capture of disease activ-
ity, but they invariably increased the subjectivity of the 
scoring system. 

 In clinical practice, endoscopic assessment of disease 
activity is used to confi rm diagnosis and assess disease activity. 
Endoscopic confi rmation of disease improvement is uncom-
mon in clinical practice if the patient’s symptoms have 
resolved. In the context of clinical trials, endoscopic assess-
ment has a key role for measuring outcome, because it is 
intended to be independent of symptom score. The newly 
introduced term of “mucosal healing” has shown that where 
treatment achieves this within 8 weeks, this correlates with a 
lower colectomy rate over the succeeding 12 months 
( p  = 0.0004) and steroid-free remission ( p  < 0.0001) [ 56 ]. In 
composite indices its relative weighting varies. The FDA 
currently uses two measures for defi ning remission: endo-
scopic mucosal healing and rectal bleeding. Although con-
siderable efforts have been made to derive a patient symptom 
score that negates the need for endoscopy [ 45 ] and the endo-
scopic component of some, symptom scores (such as the 
UCDAI) have been calculated to contribute only 2.5 % of the 
total score [ 45 ]. There has been renewed interest in endos-
copy with the advent of a validated endoscopic scoring sys-
tem [ 3 ]. Efforts have been made to compare indices, which 
have resulted in another activity index that shows good 
interobserver agreement ((kappa)κ = 0.65–0.79 between 4 
expert endoscopists) but has not followed the criteria for 
index development (Table  32.3 ) [ 57 ].

    Ulcerative Colitis Endoscopic Index of Severity.  The UCEIS 
(Table  32.4 ) was developed because there was wide interob-
server variation in endoscopic assessment [ 3 ]. There was 
only 76 % agreement for “severe” and 27 % agreement for 
“normal” endoscopic mucosal appearances between 10 
experienced investigators and a central reader. 30 different 
investigators then rated 25/60 different videos for 10 
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descriptors and assessed overall severity on a 0–100 visual 
analogue scale. Kappa statistics tested inter- and intra-
observer variability for each descriptor. Kappa statistics 
ranged from 0.34–0.65 to 0.30–0.45 within and between 

observers for the ten descriptors. Different models to predict 
the overall assessment of severity as judged by a visual 
 analogue scale were developed using general linear mixed 
regression. The fi nal model incorporated just three 

    Table 32.3    Endoscopic indices of disease activity in UC: activity thresholds   

 Endoscopic index  Remission  Mild  Moderate  Severe 

 Truelove and Witts [ 23 ]  Ambiguous terms without defi nitions have not been widely utilised for endoscopic assessment 
 Matts’ endoscopic 
grading [ 58 ] 

 Normal  Mild granularity of the 
mucosa, with mild 
contact bleeding 

 Marked granularity and 
oedema of mucosa, 
contact bleeding, and 
spontaneous bleeding 

 Severe ulceration of mucosa with 
haemorrhage 

 Baron score [ 25 ]  Normal: Matt 
mucosa, ramifying 
vascular pattern 
clearly visible 
throughout, no 
spontaneous 
bleeding, no bleeding 
to light touch (0) 

 Abnormal but not 
haemorrhagic: 
appearances between (0) 
and (2) 

 Moderately 
haemorrhagic: bleeding 
to light touch, but no 
spontaneous bleeding 
seen ahead of 
instrument on initial 
inspection (2) 

 Severely haemorrhagic: spontaneous 
bleeding seen ahead of instrument at 
initial inspection and bleeds to light 
touch (3) 

 Modifi ed Baron [ 16 ]  Normal mucosa (0)  Granular mucosa with 
abnormal vascular 
pattern (1) 

 Friable mucosa (2)  Micro-ulceration of 
mucosa with 
spontaneous bleeding 
(3) 

 Denuded 
mucosa (4) 

 Powell-Tuck 
sigmoidoscopic 
assessment [ 20 ] 

 Non-haemorrhagic (0)  Friable (1)  Spontaneous bleeding (2) 

 Blackstone index [ 59 ]  Distorted or absent 
mucosal vascular 
pattern = 1 
 Granularity = 2 

 Continuous or focal 
erythema = 3 
 Friability (touch 
bleeding) = 4 

 Mucopurulent exudate 
(mucopus) = 5 
 Single or multiple 
ulcers (<5 mm), fewer 
than 10 per 10-cm 
 Segment = 6 

 Large ulcers (>5 mm); more than 10 per 
10-cm segment = 7 
 Spontaneous bleeding = 8 

 Rachmilewitz 
Endoscopic Index [ 21 ] 

 Granulation 
scattering refl ected 
light: 
 No = 0 
 Yes = 2 

 Vascular Pattern: 
 Normal = 0 
 Faded/disturbed = 1 
 Completely absent = 2 

 Vulnerability of 
mucosa: 
 None = 0 
 Slightly increased 
(contact bleeding) = 2 
 Greatly increased 
(spontaneous 
bleeding) = 4 

 Mucosal damage (mucous, fi brin, 
exudates, erosions, ulcer): 
 None = 0 
 Slight = 2 
 Pronounced = 4 

 Mayo Clinic fl exible 
proctoscopy 
assessment [ 18 ] 

 Normal or inactive 
disease 

 Mild disease (erythema, 
decreased vascular 
pattern, mild friability) 

 Moderate disease 
(marked erythema, 
absent vascular pattern, 
friability, erosions) 

 Severe disease (spontaneous bleeding, 
ulceration) 

 Modifi ed Mayo Clinic 
proctoscopy score [ 60 ] 

 Normal  Erythema, decreased 
vascular pattern and 
minimal granularity 

 Marked erythema, 
friability, granularity, 
absent vascular pattern, 
bleeding with minimal 
trauma and no 
ulcerations 

 Ulceration and spontaneous bleeding 

 Sutherland mucosal 
appearance 
assessment [ 19 ] 

 Normal  Mild friability  Moderate friability  Exudation, spontaneous haemorrhage 

 Endoscopic activity 
index [ 26 ] 

 Scale 0–16, describing size and depth of ulcers, redness, bleeding, mucosal oedema and mucous exudates with a 
higher score indicating the more severe condition 

 Modifi ed 6-point activity 
index 

 Scale 1–6, describing vascular pattern, erythema, oedema, friability, erosions and ulcers of different size or number 

 Ulcerative Colitis 
Endoscopic Index of 
Severity (UCEIS) [ 3 ,  61 ] 

 Scale 0–8, based on three descriptors: vascular pattern (three levels); mucosal bleeding (4 levels) and erosions and 
ulcers (4 levels), giving a range 0–8 that covers normal endoscopy to the most severe UC seen by independent 
investigators (accounts for 94 % of variance between observers,  R  2  = 0.94) 
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 descriptors, each with precise defi nitions (Table  32.4 ). 
A third validation phase used another 25 different investiga-
tors from North America and Europe, who assessed in a ran-
domly selected subset of 28/60 videos, including two 
duplicated videos to assess test- retest reliability. Intra-
observer Kappa values were 0.82, 0.72 and 0.78 for vascular 
pattern, bleeding and erosions and ulcers descriptors and 
interobserver Kappa values were 0.83, 0.56, and 0.77, 
respectively. The correlation between UCEIS and overall 
severity evaluation was 0.94 ( p  < 0.0001) [ 59 – 61 ].

   The UCEIS dispensed with the term “mucosal friability,” 
because the model including friability as a descriptor did not 
perform signifi cantly better than one including bleeding and 
the term friability always needs explanation, while bleeding 
is well understood. In practical terms, the most severely 

affected part of the mucosa is scored. There are, however, 
still limitations: thresholds for remission, mild, moderate 
and severe disease have yet to be set. The extent to which full 
colonoscopy may infl uence the score compared to the fl exi-
ble sigmoidoscopy upon which it was based has only started 
to be evaluated [ 62 ]. How knowledge of symptoms infl u-
ences the score also needs further evaluation, while the 
UCEIS also needs formal evaluation compared to the Mayo 
Clinic endoscopy subscore. All this is work in progress. 
Nevertheless, the UCEIS is simple enough to use in clinical 
practice and should achieve its goal of reducing variation in 
endoscopic assessment of activity between observers.  

    Histological Assessment 

 Histological assessment of activity in UC is important not 
just to confi rm the diagnosis, but once this is established, to 
confi rm that symptoms are due to active disease rather than 
some other cause. Normal rectal mucosal biopsies effec-
tively exclude active ulcerative colitis as a cause of symp-
toms. Although normal histopathology does not exclude a 
diagnosis of ulcerative colitis since the mucosa may return to 
normal during remission, it is completely at odds with the 
presence of active disease. A biopsy serves as an  independent 
arbiter of activity, since there is appreciable interobserver 
variation in assessing endoscopy, even among experienced 
observers [ 3 ]. It may also have prognostic value since 
patients with persistent microscopic infl ammation are more 
likely to relapse [ 27 ,  63 ]. In a study of 91 patients followed 
up for a median 29 months, clinical, endoscopic and histo-
logical measures of disease activity agreed in 53/91 (58 %, 
28/53 remission, 25/53 active disease), indicating moderate 
agreement ( k  = 0.44) [ 64 ]. The strongest predictor of steroid-
free remission over the following 2.5 years was the concor-
dance of all three measures of remission (HR 0.20; 95 % CI 
0.08–0.47,  p  < 0.001). Histological remission was the only 
measure associated with lower hospitalisation rates (HR 
0.27; 95 % CI 0.07–0.99,  p  = 0.048), with a trend to lower 
colectomy rates (HR 0.15; 95 % CI 0.02–1.28,  p  = 0.08) in 
this small sample. 

 Currently no single histopathology index meets all needs, 
but the Geboes Index has been validated and tested for repro-
ducibility. It has 6 descriptors: architectural disturbance, 
chronic infl ammatory infi ltrate, lamina propria infl ammatory 
infi ltrate, epithelial neutrophils, crypt destruction and ero-
sion or ulceration [ 4 ]. Its main advantage is validation that 
shows that it reliably discriminates active from inactive dis-
ease. Its principal disadvantage from a clinical trial’s per-
spective is that it was designed for use in clinical practice and 
a cumulative numerical score was consciously avoided. 
Hence it does not readily lend itself to evaluating histological 
response. The Riley Index also has 6 parameters which 

    Table 32.4    The Ulcerative Colitis Endoscopic Index of Severity 
(UCEIS) [ 3 ,  61 ]   

 Descriptor (score most 
severe lesions) 

 Likert scale 
anchor points  Defi nition 

 Vascular pattern  Normal (0)  Normal vascular pattern with 
arborisation of capillaries 
clearly defi ned or with 
blurring or patchy loss of 
capillary margins 

 Patchy 
obliteration (1) 

 Patchy obliteration of 
vascular pattern 

 Obliterated (2)  Complete obliteration of 
vascular pattern 

 Bleeding  None (0)  No visible blood 
 Mucosal (1)  Some spots or streaks of 

coagulated blood on the 
surface of the mucosa ahead 
of the scope, which can be 
washed away 

 Luminal 
mild (2) 

 Some free liquid blood in the 
lumen 

 Luminal 
moderate or 
severe (3) 

 Frank blood in the lumen 
ahead of endoscope or visible 
oozing from mucosa after 
washing intraluminal blood 
or visible oozing from a 
haemorrhagic mucosa 

 Erosions and ulcers  None (0)  Normal mucosa, no visible 
erosions or ulcers 

 Erosions (1)  Tiny (≤5 mm) defects in the 
mucosa, of a white or yellow 
colour with a fl at edge 

 Superfi cial 
ulcer (2) 

 Larger (>5 mm) defects in 
the mucosa, which are 
discrete fi brin-covered ulcers 
when compared to erosions 
but remain superfi cial 

 Deep ulcer (3)  Deeper excavated defects in 
the mucosa, with a slightly 
raised edge 

  Copyright Warner Chilcott Pharmaceuticals (index is freely available 
for use)  
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include presence of crypt abscesses and mucin depletion 
[ 27 ]. Its main value is its potential for predicting relapse: in 
82 people with clinically quiescent UC, 52 % relapsed if they 
had an acute infl ammatory infi ltrate of neutrophils on rectal 
biopsy, whereas in the absence of such an infi ltrate only 
25 % relapsed ( p  = 0.02). 

 Use of a pictorial scale to convey precise defi nitions 
improves interobserver agreement [ 4 ]. There are several 
other histopathology indices (Table  32.1 ). That of Truelove 
and Richards [ 7 ] is simple and has been correlated with 
endoscopy and also with long-term outcome [ 64 ]. Matts’ 
histopathology grading is popular in Japan [ 57 ,  58 ] but is 
rarely used in the West now that the Geboes Index has been 
validated. That described by Saverymuttu [ 28 ] is also simple 
and has been compared with an independent measure of dis-
ease activity (indium 111-labelled granulocyte scanning). It 
has been used in recent clinical trials to confi rm disease 
activity at entry and for evaluating improvement in response 
to treatment [ 65 ]. Detailed appraisals of histopathology for 
evaluating UC have been published [ 66 ].  

    Evaluating Quality of Life 

 When consulting with patients, we are very familiar with 
establishing the pattern of symptoms but are not always so 
good at recognising how they impact on the patient’s daily 
life. It is important to recognise that aims of medical therapy 
for the patient may differ from that of the physician. For 
example, the patient is likely to be most concerned with 
 resolution of symptoms and few side effects, compared to 
the physician’s focus, which may be on endoscopic mucosal 
healing for predicting the future course of disease. 
Assessment of quality of life is inevitably subjective and 
therefore can be diffi cult to interpret. Interested readers are 
referred to recent reviews [ 67 ,  68 ]. 

 Formal assessment of quality of life in clinical practice has 
been limited but has gained much greater importance in clini-
cal trial design over the last 20 years. It has been recom-
mended that that the infl ammatory bowel disease questionnaire 
(IBDQ) [ 5 ] and short form-36 (SF-36) [ 69 ] are used routinely 
as a secondary outcome measure in prospective randomised 
controlled trials of medical treatment in UC to be sure that 
quality of life has improved [ 1 ]. Most studies use a combina-
tion of generic and disease-specifi c health-related quality of 
life (HRQOL) instruments. One of the most commonly used 
generic instruments is the SF-36 which has been validated in 
several clinical conditions including UC, in several languages 
and countries including the USA and UK. It is composed of 8 
health concept subscores covering physical, social, emotional 
and mental health [ 69 ]. The EuroQol or EQ-5D is another 
example of a generic HRQOL instrument which has been 
used in trials in many diseases in many countries [ 70 ]. It was 

designed to be self-administered and well suited to postal sur-
veys. It is relatively simple with fi ve domains, mobility, self-
care, usual activities, pain/discomfort and anxiety/depression, 
and has the advantage of taking only a few minutes to com-
plete. It has become the standard for assessment used by insti-
tutions such as the National Institute for Health and Clinical 
Excellence (NICE) in the UK. 

 Disease-specifi c instruments for UC include the IBDQ 
which has been validated in Canada and the USA and in dif-
ferent languages [ 5 ,  30 ]. The IBDQ uses 32 items in four 
subcategories, bowel, systemic, social and emotional, and 
can be either self-administered or interviewer-administered. 
A self-administered version and a shortened version of the 
IBDQ have also been validated [ 29 ]. More recently, an angli-
cised version the UK-IBDQ [ 30 ] has been validated in the 
UK and is currently being used as the primary outcome mea-
sure, with EQ-5D as secondary outcome measure, in a 
nationwide UK clinical trial evaluating infl iximab versus 
cyclosporine for steroid-refractory acute severe colitis [ 71 ]. 
The rating form for IBD patient concerns [ 31 ,  72 ] is no lon-
ger used in clinical trials, or in practice, with the advent of 
the IBDQ. 

 When interpreting clinical trials, HRQOL instruments are 
usually the outcome of most relevance to patients, even if 
quality of life tracks disease activity evaluated by other indi-
ces. Physicians generally underestimate the impact of UC in 
patients who appear to be leading a normal life [ 73 ]. Patient 
global self-assessment of disease activity correlates poorly 
with objective measures of disease activity [ 74 ] and is worse 
than the Physician’s Global Assessment, illustrating the 
importance of a patient-rated HRQOL scale when evaluating 
treatment effect. Traditional indices often ignore symptoms 
which matter to patients and highlighted by focus groups 
[ 73 ]. Other outcomes that may matter greatly to patients but 
are not directly measured by indices commonly used in thera-
peutic trials for UC include, for example, the number of hos-
pitalisations, number of work days missed due to symptoms 
or even the colectomy rate. The reason is not hard to discern: 
clinical trials generally last 12 months at most, which is a 
brief period in the course of a disease that lasts a life time. It 
is therefore easier to show a therapeutic effect on symptom or 
endoscopy scores than it is on relatively uncommon outcomes 
that may matter more to patients. Surgeons have been better 
than physicians in evaluating the impact of their (surgical) 
treatment on the quality of life for patients with UC [ 74 ].  

    Predictive Indices 

 The need for colectomy requires careful judgement. While 
early colectomy may be unnecessary, delayed colectomy 
may have signifi cant morbidity and can be fatal. Therefore it 
is important to consider the factors that help predict those 
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who are likely to fail medical therapy and require rescue 
therapy or indicate the need for timely surgery [ 73 ]. It is 
worth noting that these are all slightly different outcomes. It 
should also be remembered that current indices relate to the 
failure of steroid therapy and do not necessarily translate to 
failure of other therapies or infection complicating colitis. 
Factors which may predict the need for colectomy can be 
broadly divided into clinical, laboratory, radiological, endo-
scopic and genetic. Many have focussed on steroid failure, 
but some prospective studies also included patients treated 
with ciclosporin or infl iximab [ 32 ,  75 – 77 ]. Most predictive 
indices are composites, combining two or more factors. To 
be clinically useful, an index must be easy to remember, 
simple to apply and reliable. Validation of indices for acute 
severe colitis is needed to avoid surgical decisions based on 
clinical impression, rather than objective assessment. 

  Clinical markers  can help predict the risk of colectomy, and 
therefore objective clinical parameters can help with man-
agement decisions. They generally depend on the objective 
measures of stool frequency, pulse or temperature. A stool 
frequency >12/day on day 2 was associated with 55 % colec-
tomy in a retrospective study of 189 admissions in 166 
patients [ 78 ], while a frequency >8/day on day 3 of intensive 
treatment predicted colectomy in 85 % ( p  < 0.001) on that 
admission in a prospective analysis of 51 admissions [ 32 ]. 
Stool frequency has been validated in 128 children: in the 
only prospective study yet to compare different indices, the 
number of daily stools on day 3 (closely followed by amount 
of blood in the stool) was the main factor identifi ed in multi-
variate analysis associated with lack of response to intrave-
nous steroids [ 77 ]. The value of this Pediatric Ulcerative 
Colitis Activity Index (PUCAI) [ 2 ] to facilitate the decision 
about “rescue” therapy has been demonstrated [ 78 ,  79 ]. The 
question of what counts as a “stool” is not trivial. There is no 
standardisation, and it is generally regarded as an evacuation 
(be it blood, liquid or solid stool) that is counted as a bowel 
movement by the nursing staff. This is inevitably imprecise. 
Other clinical factors have been considered, including dis-
ease extent, duration, previous therapy (steroids, thiopu-
rines), number of previous attacks and even gender, but all 
arise from retrospective analysis of admission outcome and 
none are in widespread use. Disease activity is independent 
of disease duration and age in prospective studies, even if old 
age is associated with mortality. 

  Truelove and Witts’ Criteria on Admission.  Clinical criteria 
on admission also help predict outcome, rather than after 3 
days’ treatment. Recent data suggest that the number of 
Truelove and Witts’ criteria [ 23 ] on admission is associated 
with colectomy [ 50 ] The more of these criteria in addition to 
a bloody stool frequency of ≥6/day, the more severe the sys-
temic infl ammatory response, and it is not surprising that the 

biological severity of an attack of colitis predicts colectomy. 
In a retrospective study of 294 episodes of colitis in 186 
patients, the risk of colectomy was 9 % (11/129) if patients 
had one additional criterion, compared to 31 % (29/94) if 
two additional criteria were present and 48 % (34/71) if three 
or more additional criteria were present ( p  = 1.4 × 10 −5 ; OR 
4.35, 95 % CI 2.20–8.56 one criterion vs. two or more). 
Therefore, simply counting the number of additional criteria 
on admission helps identify those patients at higher risk of 
colectomy. 

  Laboratory criteria  are objective parameters which help 
measure the infl ammatory response. Biochemical markers 
include C-reactive protein (CRP) and albumin, among others 
[ 6 ]. Although the ESR was one of the original Truelove and 
Witts’ criteria, it has not been shown to be of predictive 
value in prospective studies. In the prospective OSCI study 
(Outcome of Steroid Therapy in Colitis Individuals) [ 77 ] to 
evaluate short-term corticosteroid response rates in 128 
children hospitalised with acute severe colitis, the signifi -
cant predictors at day 3 were nocturnal diarrhoea (OR 3.4, 
95 % CI 1.9–6.1), number of daily stools (OR 2.7, 95 % CI 
1.7–4.3), amount of blood in stool (OR 4.2, 95 % CI 2.0–
8.9) and CRP (OR 1.3, 95 % CI 1.1–1.6). The faecal calpro-
tectin differed ( p  = 0.039) but was not signifi cant by odds’ 
ratio. Confi rmation in different patient groups provides 
reassurance that the CRP is a useful objective marker of pre-
dictive value for steroid failure. This resonates with clinical 
practice, because CRP is commonly measured and stool fre-
quency can simply be monitored in patients with acute 
severe colitis. There is some evidence that the rate of change 
in CRP during intensive treatment predicts response [ 73 ], 
but this has not yet been quantifi ed in a clinically useful 
tool. Albumin is a marker of infl ammation, and low levels in 
acute severe colitis should raise concern as this has been 
associated with colectomy in retrospective case series: 42 % 
with an albumin <30 g/L at the end of the fi rst day came to 
colectomy in the early series of 189 admissions from St 
Mark’s [ 80 ]. In a large series from Edinburgh, sensitivity 
was increased by combining albumin with clinical (stool 
frequency) and radiological data. However, multivariate 
analysis in prospective case series has not identifi ed albu-
min as an independent marker of colectomy [ 32 ,  77 ,  81 ]. 
Faecal calprotectin is a marker of intestinal infl ammation 
but so far has been less successful at predicting colectomy 
than the combination of stool frequency and CRP: this also 
holds true for other faecal markers [ 73 ]. 

  Endoscopy  is useful for helping to predict remission and the 
risk of colectomy. Data from a subsequent analysis of ACT 
I and II trials has highlighted the importance of early muco-
sal healing: those patients with complete mucosal healing 
(Mayo Clinic endoscopy subscore of 0) at 8 weeks were 
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four times as likely to be in remission at 30 weeks of infl ix-
imab treatment [ 82 ]. The presence of deep ulceration is a 
prequel to perforation and therefore associated with colec-
tomy in order to prevent perforation occurring. In a group of 
85 patients with acute severe colitis, 93 % of those with 
extensive deep colonic ulceration came to colectomy with 
ulceration reaching at least to the circular muscle layer in 42 
of the 43 colectomy specimens [ 83 ]. One needs to be 
 cautious of the circular argument as clinicians who are 
 convinced of the prognostic importance of deep ulcers are 
more likely to perform colectomy in patients with deep 
ulceration.  

    Impact of Different Activity Indices 
on Clinical Trial Outcomes 

 In clinical trials the endpoint of treatment is generally remis-
sion, although the index selected and defi nition of remission 
are usually study specifi c. Differences in the threshold set-
ting of remission have a substantial impact on the remission 
rates in the placebo arm of clinical trials, which range from 0 
to 40 % in UC [ 84 ]. Placebo remission rates are infl uenced 
by factors including trial duration, number of study visits, 
design features used to enrol patients with more active dis-
ease and intensity of endoscopic follow-up, but a stricter 
remission defi nition can be expected to drive down placebo 
rates [ 84 ]. The range of clinical trial endpoints (all described 
as “remission”) is large and includes complete remission 
(DAI = 0), a modifi ed UCDAI ≤ 1, UCDAI ≤ 2, CAI ≤ 4 and a 
Mayo Clinic score ≤2 with no individual subscore >1 (ref 
below); [ 34 ,  40 ,  43 ,  44 ,  46 ] Inconsistency in the defi nition of 
remission results in clinically signifi cant differences in out-
comes for patients and clinicians. The lack of standardisation 
makes interpretation of trials diffi cult, because important 
symptoms such as bleeding or increased stool frequency can 
be hidden in low scores. 

 Differences in defi ning remission within a clinical trial 
can have a signifi cant impact on the apparent effi cacy of a 
drug [ 42 ,  85 ]. An example comes from two large prospective 
randomised double-blind controlled trials which included a 
total of 687 patients with mild to moderately active UC, 
treated with 2.4 g or 4.8 g mesalazine [ 37 ,  38 ]. In a retro-
spective analysis using three different defi nitions of remis-
sion for the results, the remission rate varied more than 
twofold [ 6 ,  42 ]. In a further example, the effect of epidermal 
growth factor (EGF) on UC was assessed by three different 
indices of disease activity: the Powell-Tuck, UCDAI and 
Simple Clinical Colitis Activity Index, where remission 
thresholds were set at score ≤4, 0–1 and 0 respectively. 
Remission rates varied between 33 and 83 % depending on 
the index used [ 85 ]. 

 The lack of a standardised defi nition of remission has 
considerable implications for patients. Specifi c aspects of the 
quality of life that are important to patients are not addressed 
by most indices. For instance, while the majority of compos-
ite clinical indices contain some measure of patient well- 
being, only the Simple Clinical Colitis Activity Index 
(SCCAI) incorporates urgency and incontinence. In registra-
tion trials where the main aim is to obtain a drug licence, 
urgency and incontinence are not assessed; hence the drug 
development process overlooks the control of key symptoms 
that are hugely important to patients.  

    Conclusions 

 Metrics help with clinical decision-making in the manage-
ment of UC. Comparison of different indices is challenging 
due to the lack of validation of most indices or their termi-
nology. There are, however, well-validated indices for the 
four components for evaluating disease activity: quality of 
life (which matters most to patients), the clinical symptom 
score in children (PUCAI), endoscopic assessment of activ-
ity (UCEIS) and histopathology (Geboes Index). What is 
now needed for clinical trials, let alone clinical practice, is 
not more indices but validation of current indices according 
to well-established statistical criteria, to determine their 
responsiveness and their role in predicting longer term out-
come. There is a perceptible move to using separate vali-
dated indices for the different components, because all 
convey different information of relevance. The diffi culty for 
clinical trials is to select a single index as a primary outcome 
measure. It may be that a composite primary outcome that 
involves more than one of these validated indices is the way 
forward, but the risk (in economic and drug regulatory terms) 
of a therapeutic trial failing to reach its primary endpoint is 
such that sponsors are cautious. For the time being, there-
fore, the dominance of the Mayo Clinic score (a composite, 
but unvalidated index) will remain. This will change when 
independently validated indices can be shown to predict 
long-term outcomes that matter to patients and payors.     
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        Introduction 

 Toxic megacolon is a rare but extremely severe form of acute 
severe ulcerative colitis characterized by both toxicity and 
dilatation of the colon. The features of toxic megacolon 
include abdominal pain, tenderness and distension, reduced 
or absent bowel sounds, tachycardia, fever, hypotension in 
some patients, neutrophilia, and raised C-reactive protein 
and erythrocyte sedimentation rate [ 1 ]. A number of terms 
are used interchangeably with toxic megacolon such as ful-
minant colitis or acute severe colitis, but toxic megacolon 
should be used as a specifi c term indicating features of both 
megacolon and toxicity. Indicators of toxicity are shown in 
Table  33.1  [ 2 ]. As such it is an extreme presentation of acute 
severe colitis. Megacolon is defi ned as non-obstructive dila-
tation of the colon with a diameter of 5.5 cm or greater, seg-
mental or total, demonstrated on a plain X-ray or on plain CT 
scan [ 3 ]. Some authorities consider the cutoff dimension of 
the colon as >6 cm, but it is important to recognize that it is 
the toxicity rather than the exact measurement of the colon 
that determines the clinical severity of toxic megacolon. 
Such an assessment of colonic dilatation may also be 

 misleading within 24 h of a colonoscopy or fl exible 
 sigmoidoscopy. It is important to note that the frequency of 
bowel movements with diarrhea or amount of rectal bleeding 
may no longer be reliable indicators of severity of ulcerative 
colitis once toxic megacolon sets in. Therefore, standard 
ulcerative colitis disease activity indices generally cannot be 
applied. Toxic megacolon complicating Crohn’s colitis is 
unusual but may occur.

   Toxic megacolon is a medical emergency, potentially fatal 
if not appropriately managed, and if the patient presents with 
features suggestive of toxic megacolon, it is mandatory for 
the patient to be admitted and managed jointly by the gastro-
enterology and surgical team. It is preferable for a colorectal 
surgeon experienced in management of infl ammatory bowel 
disease to be directly involved. A patient with acute severe 
colitis may also develop toxic megacolon while an in-patient 
undergoing treatment, and immediate joint management by 
the surgical and gastroenterology team is necessary. The 
patient should be closely monitored in a high dependency 
unit. There is high risk of colonic perforation and peritonitis 
with associated mortality. The mortality of acute severe coli-
tis is 1 %, and the mortality when toxic megacolon develops 
is much higher though population-based data is scant in this 
condition.  

    Different Scenarios of Toxic Megacolon 

 Approximately 5 % of patients with acute severe colitis 
admitted to hospital will have toxic dilatation [ 3 ]. Toxic 
megacolon may present de novo in the emergency in a patient 
known to suffer from ulcerative colitis or rarely as the fi rst 
presentation of ulcerative colitis. Toxic megacolon is unusual 
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in patients with longstanding colitis with shortened, 
 chronically infl amed colon. Careful assessment of the patient 
is necessary jointly by medical and surgical teams and 
options discussed. Signifi cant abdominal pain is an indicator 
of impending perforation and such patients should undergo 
emergency colectomy. Otherwise the patients may be man-
aged medically and the therapeutic options are delineated 
below. The therapeutic options depend on the presentation 
and previous treatment as well as the time course of the 
development of toxic megacolon and presence of reversible 
risk factors. A patient suffering from severe ulcerative colitis 
and already an in-patient on intravenous steroids may also 
deteriorate and develop toxic megacolon. The majority of 
such patients will undergo emergency colectomy, and only a 
few selected patients may be offered second-line salvage 
therapy with infl iximab or ciclosporin if in the opinion of 
the colorectal surgeon such an option is safe and signs of 
impending perforation are absent. Careful monitoring is 
mandatory. In a patient already on salvage therapy such as 
infl iximab or ciclosporin, development of toxic megacolon 
mandates emergency colectomy.  

    Risk Factors for Toxic Megacolon 

 Risk factors predisposing to toxic megacolon include hypo-
kalemia, hypomagnesemia, bowel preparation, and the use 
of antidiarrheal therapy as well as coinfections such as 
 Clostridium diffi cile  (Table  33.2 ). Small bowel distension 
may predict the onset of toxic megacolon. Early diagnosis of 
acute severe colitis using the Truelove and Witts or the 
American College of Gastroenterology criteria and in pediat-
ric patients using the Pediatric UC Activity Index (PUCAI) 
may help the introduction of timely intensive medical man-
agement and if necessary timely colectomy before toxic 
megacolon may set in. Recognizing and dealing with the risk 
factors associated with toxic megacolon, advising the 
patients appropriately and prevention by early intensive 
management of acute severe ulcerative colitis are the best 
strategies to reduce incidence of toxic megacolon [ 4 ].

       Monitoring of a Patient 
with Toxic Megacolon 

 The patients need to have their vital signs monitored at least 
every 4 h and a CT scan of the abdomen and pelvis or an 
abdominal X-ray with the lower chest taken to exclude per-
foration and determine the severity of megacolon every day. 
In some instances of severe toxic megacolon, abdominal 
X-ray may be done twice daily [ 1 ]. Infections need to be 
excluded by stool culture,  Clostridium diffi cile  toxin assay or 
real-time PCR, CMV quantitative PCR in blood (as obtain-
ing colonic histology in toxic megacolon may be diffi cult), 
and blood culture as patients are usually febrile. A complete 
blood count, C-reactive protein (or erythrocyte sedimenta-
tion rate), electrolytes and creatinine, and urea concentra-
tions should be monitored every day, and plasma albumin 
concentrations and liver function tests should be monitored 
every 3–4 days. The patients need to be reviewed by the gas-
troenterologist and colorectal surgeon every day. In a patient 
with known ulcerative colitis, procedures such as fl exible 
sigmoidoscopy or colonoscopy should be avoided, but a cau-
tious diagnostic fl exible sigmoidoscopy with minimal insuf-
fl ation may be performed without bowel preparation or 
enema if the diagnosis is not known. 

    General Management 

 It is important to optimize general supportive management 
of these very ill patients as this may make a signifi cant differ-
ence to overall outcome.  

    Prophylaxis of Thromboembolic Complications 

 Patients with toxic megacolon are very ill, often confi ned to 
bed, and dehydrated and have a hypercoagulable state. 
Active infl ammation may play a direct role in producing a 
thrombophilic state [ 5 ] and all patients should receive pro-
phylactic heparin. Administration of heparin is safe and 
does not increase the incidence of colonic bleeding [ 6 ]. 

    Table 33.1    Indicators of toxicity in acute severe ulcerative colitis [ 2 ]   

 At least three of the following signs and laboratory fi ndings: 
  Heart rate > 120/min 
  Temperature > 38.6 °C 
  White cell count > 10.5 × 10 3 /mm 3  
  Anemia 
 AND, at least one of the following: 
  Dehydration 
  Altered mental status 
  Electrolyte disturbances 
  Hypotension 

   Table 33.2    Risk factors associated with development of toxic 
 megacolon [ 3 ]   

 Hypokalemia 
 Hypomagnesemia 
 Narcotic analgesics 
 Antidiarrheals, including narcotic antidiarrheals 
 Infections, especially  Clostridium diffi cile  
 Bowel preparation especially barium enema 
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Either unfractionated or low molecular weight heparin may 
be used for prevention of venous thrombosis, at least as 
long as the patient is on intravenous steroids or is confi ned 
to bed [ 7 ].  

    Management of Nutritional Status 

 Oral feeding should be avoided when toxic megacolon is 
diagnosed [ 8 ]. Bowel rest via total parenteral nutrition has 
no therapeutic benefi t in reducing the infl ammation in toxic 
megacolon. However, a number of patients are admitted 
with very poor nutritional status and are too ill to have ade-
quate oral nutritional intake. A dietician should always be 
involved in managing such patients, and parenteral nutrition 
should be considered on nutritional grounds if oral intake 
has been persistently inadequate, so that emergency surgery 
in a nutritionally debilitated patient can be avoided. As these 
patients are at high risk of colectomy and are kept nil by 
mouth, supported nutrition by parenteral route is even more 
important.  

    Management of Fluid and Electrolyte 
Disturbances 

 Many of these patients are dehydrated and hypokalemic 
especially after high doses of steroids, and careful monitor-
ing and replacement are necessary. In the presence of toxic 
megacolon, intravenous fl uids will be required and tailored 
to vital signs and renal and electrolyte monitoring. In some 
cases hypokalemia may be a precipitating cause of megaco-
lon and early restoration of electrolyte balance may help 
reversal of megacolon. In elderly patients, consideration 
has to be given to possible drug related electrolyte 
imbalance.  

    Blood Transfusion 

 Anemia may be due to infl ammation, blood loss, and inade-
quate nutrition [ 9 ]. Blood transfusion with packed red cells 
and parenteral iron replacement should be considered in 
patients in order to maintain a hemoglobin concentration 
above 10 g/dL. This is important in terms of keeping a patient 
in a fi t state for surgery if medical management fails.  

    Antibiotics 

 In the absence of infections, there is no evidence for empiric 
use of antibiotics. In hospitalized patients with developing 
toxic megacolon, oral vancomycin may be considered till the 

stools are negative for  Clostridium diffi cile . Real-time PCR 
on feces might permit a rapid diagnosis of  Clostridium 
 diffi cile  and early treatment with vancomycin.  Broad-spectrum 
antibiotics are occasionally used in patients with signifi cant 
abdominal tenderness [ 1 ]; however, there is no defi nite evi-
dence for effi cacy and there is the risk of  Clostridium diffi cile  
infection. There is scant evidence for fecal microbial trans-
plant in toxic megacolon associated with  Clostridium diffi -
cile  in the setting of severe ulcerative colitis.  

    Abdominal Decompression 

 Naso-enteral decompression tubes do not help in reducing 
colonic dilatation but may be considered if there is accom-
panying signifi cant small bowel ileus. Changing position 
to evacuate gas may only be considered after fl exible sig-
moidoscopy but is generally unnecessary. Patients are gen-
erally too ill to roll around in bed or lie in knee-elbow 
position every 30 min though it is recommended in some 
guidelines [ 8 ].  

    Management of Abdominal Pain 

 Narcotic analgesics should be avoided as it may worsen 
colonic dilatation. Severe pain in the setting of toxic mega-
colon generally represents transmural infl ammation and 
impending perforation, and hence, surgical review and emer-
gency colectomy may be required rather than pain manage-
ment. It is important that adequate vigilance is maintained to 
trigger surgical intervention as a matter of urgency in the 
event of severe abdominal pain.   

    Principles of Specifi c Management 

 The initial medical management of toxic megacolon is simi-
lar to management of acute severe ulcerative colitis, and 
these patients require hospitalization and close monitoring, 
as the colectomy rates even if the patient initially responds to 
initial treatment is high. Therefore, it is important to monitor 
the patient in a gastroenterology (not a general) ward with an 
accurate record of stool frequency, blood in stool, tempera-
ture, pulse rate, and abdominal tenderness. Infection must be 
eliminated by stool culture and  Clostridium diffi cile  toxin 
assay, but commencement of treatment should not wait until 
the stool culture reports become available. The management 
of severe ulcerative colitis patients is a team effort between 
gastroenterologists, surgeons, infl ammatory bowel disease 
nurses, dieticians, and clinical psychologists. In a patient 
admitted with acute severe ulcerative colitis and dilatation of 
the colon, joint assessment by a gastroenterologist and a 
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colorectal surgeon is required urgently. In all other patients 
admitted with acute severe colitis, a colorectal surgical 
assessment will be required within 24 h, but vital signs 
should be monitored to trigger alarm at signs of impending 
toxic megacolon. The different scenarios in which toxic 
megacolon may develop will necessitate different strategies 
of management as illustrated in Fig.  33.1 .

       Initial Therapy 

 The standard initial therapy of acute severe ulcerative colitis, 
including toxic megacolon where medical therapy is chosen, 
consists of intravenous corticosteroids [ 1 ,  4 ,  9 ,  10 ]. Intravenous 
corticosteroids generally chosen include hydrocortisone 
100 mg four times a day or methylprednisolone 60 mg/daily 
by continuous infusion. Addition of rectal therapy has no clear 
advantages and is generally poorly tolerated by patients in the 
acute severe phase—rectal therapy is hazardous in toxic mega-
colon and should not be used. Overall, patients hospitalized 
for acute severe colitis and treated with intravenous steroids 
may have a colectomy rate between 29 and 46 % over the next 
90 days [ 1 ,  8 ].  

    Managing Intravenous Steroid Refractory 
Acute Severe Colitis with Toxic Megacolon 

 Close monitoring should lead to early recognition of those 
patients who fail to respond to intravenous steroids. Such rec-
ognition may be aided by formal rules, but clinical judgment 
is paramount based on the monitoring parameters noted in 
Table  33.1  and daily abdominal CT scan or abdominal plain 
X-rays. The two commonly used rules, which are very similar 
to each other, are the Travis index [ 11 ] and the fulminant coli-
tis (Sweden) index [ 12 ]. However, these rules have not been 
validated in toxic megacolon and are unlikely to be very reli-
able as both rely heavily on stool frequency. Some patients 
respond initially to intravenous steroids but continue to have 
symptoms. These patients should be offered salvage therapy 
5–7 days after initiation of intravenous corticosteroids as the 
colectomy rate is high in this group. This latter group may 
also benefi t from a careful fl exible sigmoidoscopy, as demon-
stration of severe infl ammation with deep ulceration indicates 
a poor prognosis and consideration of salvage therapy or sur-
gery (Fig.  33.2 ). Overall, a high proportion of patients failing 
intravenous steroids will undergo colectomy.

  Fig. 33.1    Different presentations of toxic megacolon and specifi c 
management choices. Colectomy is always an important manage-
ment choice as delayed surgery may be life threatening, but medical 

m anagement with close monitoring is a viable option with early surgery 
if there is inadequate response       
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   Patients who develop toxic megacolon while on intrave-
nous steroid therapy will require urgent and serious consid-
eration of emergency colectomy. Two principal medical 
salvage therapies are currently available, ciclosporin and inf-
liximab. The role of these salvage therapies in patients with 
toxic megacolon is limited and should be considered perhaps 
in patients who are admitted with toxic megacolon after fail-
ing ambulatory high-dose oral corticosteroids as an alterna-
tive to intravenous steroids or patients with contraindication 
to high-dose steroids or patients who are relatively stable 
after 72 h of intravenous steroids to permit consideration of 
additional salvage therapy.  

    Infl iximab 

 The chimeric anti-TNF antibody infl iximab was used in 
intravenous steroid refractory ulcerative colitis in a pivotal 
Scandinavian study in which a single 5 mg/kg infusion of 
infl iximab was used [ 12 ]. Patients unresponsive to IV corti-
costeroids at day 3 were randomized to additional single 
dose of 5 mg/kg of infl iximab or placebo. Patients who were 
not considered unresponsive at day 3 but remained symp-
tomatic at day 5–7 were also randomized to a single 5 mg/kg 
dose of infl iximab or placebo. Overall, 29 % of patients 
underwent colectomy in the infl iximab arm compared with 
67 % in the placebo arm. In an Italian cohort study, patients 
who had received multiple doses of infl iximab had better 
outcome than those receiving a single dose of infl iximab in a 
group of intravenous steroid-resistant acute severe colitis 

patients [ 13 ]. Keeping this in mind, it may be wise to 
 administer infl iximab at 0, 2, and 6 weeks and thereafter 
every 8 weeks till the patient is in remission. Therapeutic 
drug level monitoring of infl iximab may be useful in opti-
mizing infl iximab therapy. Subsequently, in those patients 
who are azathioprine/6-mercaptopurine naïve, this drug may 
be used in combination only after the patient has responded, 
as such combination is superior to monotherapy with anti-
TNF [ 14 ]. In patients who developed acute severe intrave-
nous  steroid- resistant colitis while on azathioprine or 
6-mercaptopurine, infl iximab should preferably be contin-
ued long term, rather than consider ciclosporin. 

 Though patients failing ciclosporin may respond to infl ix-
imab, repeated salvage therapy generally results in unaccept-
able delay to surgery and profound immunosuppression [ 15 ] 
with increased mortality. Therefore, only one form of sal-
vage therapy should be decided upon after discussion with 
the patient, and failure of such therapy should lead to sur-
gery. This is especially true in patients presenting with toxic 
megacolon.  

    Ciclosporin 

 Ciclosporin, a cyclic peptide of 11 amino acids, acts by bind-
ing to cyclophilin and thereby inhibiting calcineurin. 
Inhibition of calcineurin prevents transcription of interleukin-
 2 (IL-2) and activation of T lymphocytes. With the demon-
stration that treatment with 2 mg/kg of ciclosporin is as 
effective as the conventional 4 mg/kg with fewer occurrences 
of some side effects such as hypertension [ 16 ], the lower dose 
is now accepted as standard therapy in most hospitals. Once 
the patient has responded and is feeling better, the intrave-
nous preparation may be replaced by oral microemulsion 
ciclosporin 5 mg/kg. It is no longer necessary to exclude 
patients with low plasma cholesterol due to risk of seizures, 
as the intravenous preparation does not contain the incriminating 
chromophore. In a patient who responds to ciclosporin, the 
drug is continued as oral therapy for 3–4 months, while corti-
costeroids are tapered and discontinued, and azathioprine 
2.5 mg/kg or 6-mercaptopurine 1.5 mg/kg is introduced at the 
time of discharge as long-term maintenance therapy. Such 
patients are quite severely immunosuppressed, and therefore, 
a high vigilance for opportunistic infections and prophylaxis 
for  Pneumocystis carinii  with co- trimoxazole is necessary. 
Ciclosporin is associated with a number of serious adverse 
events including an appreciable mortality.  

    Infl iximab or Ciclosporin 

 The question of whether to choose ciclosporin or infl iximab 
as salvage medical therapy in toxic megacolon is important. 
In a parallel open-labeled randomized controlled trial, 

  Fig. 33.2    A patient with toxic megacolon after treatment with intrave-
nous hydrocortisone for 7 days with improvement in toxicity features 
and colonic dilatation but signifi cant infl ammation and friability (Mayo 
endoscopic subscore 3) at careful fl exible sigmoidoscopy with mini-
mum insuffl ation and no bowel preparation. The patient was com-
menced on salvage therapy with infl iximab but underwent colectomy 
after a further 2 weeks       
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 ciclosporin was not more effective than infl iximab over a 
14-week follow-up period in hospitalized acute severe ulcer-
ative colitis patients refractory to intravenous corticosteroids 
[ 17 ]. Treatment failure defi ned by predetermined criteria 
occurred in 60 % of patients who received ciclosporin and in 
54 % of patients who received infl iximab over the 14-week 
period. The dosing regimen for ciclosporin was 2 mg/kg 
adjusted subsequently by drug trough levels—patients who 
responded at 7 days were switched to oral ciclosporin 4 mg/
kg. The dosing regimen for infl iximab was 5 mg/kg and 
patients who responded received further doses at weeks 2 
and 6. Both groups received azathioprine started in respond-
ers at day 7. The initial clinical response at day 7 was 86 % 
in the ciclosporin group and 84 % in the infl iximab group. 
The incidence of serious adverse events was 16 % in the 
ciclosporin group and 25 % in the infl iximab group. The 
physician and Infl ammatory Bowel Disease Center experi-
ence should guide the treatment choice but most centers are 
now more familiar with the use of anti-TNF therapy. In addi-
tion, ciclosporin therapy is associated with a 1–2 % mortality 
rate. In a cohort study in Australia, infl iximab salvage ther-
apy in acute severe steroid refractory colitis was associated 
with lower rates of severe adverse events and colectomy 
compared with ciclosporin salvage therapy [ 18 ].  

    Surgery 

 A well-timed operation is an invaluable part of appropriate 
management of acute severe ulcerative colitis complicated 
by toxic megacolon and can be life saving. With toxic mega-
colon, close monitoring is necessary and if toxicity or mega-
colon does not improve within 72 h colectomy is generally 
recommended, and indeed any worsening of status after 
intensive medical management requires immediate surgery. 
With the availability of more salvage therapy choices, it is 
important that these are offered early to patients failing ste-
roid therapy; therefore, in many instances, surgery will be 
offered after failure of second-line salvage therapy. An 
exception may be patients presenting with toxic megacolon 
who may be ill enough to undergo surgery if they do not 
rapidly improve after intravenous corticosteroids. Severe 
hemorrhage, perforation, and toxic megacolon developing 
on treatment are indications for emergency surgery. Mortality 
of patients undergoing emergency surgery may be as high as 
5 % and even higher in the elderly patients with multiple 
comorbidities [ 19 ]. 

 Surgery should be discussed with all patients admitted 
with acute severe ulcerative colitis with toxic megacolon. 
The colorectal surgeon, gastroenterologist, stoma therapist, 
and infl ammatory bowel disease specialist nurse will all play 
a role in discussing surgery. In toxic megacolon appropri-
ately timed surgery as a matter of urgency is life saving, and 

discussion about long-term consequences of colectomy and 
pouch formation is generally inappropriate in taking a deci-
sion. In patients with toxic megacolon, surgery has to be a 
staged process. Subtotal colectomy with ileostomy is per-
formed initially, increasingly laparoscopy-assisted in spe-
cialized centers. After 3–6 months with the patient in much 
better health, completion proctectomy with ileal pouch anal 
anastomosis (IPAA) is performed. Use of salvage therapy 
such as infl iximab or ciclosporin does not appear to increase 
the risks of complications after colectomy. In a minority of 
patients with poor anal sphincter function, a permanent ile-
ostomy may be preferable to avoid disabling incontinence. 
Careful psychological support and counseling throughout 
the process are invaluable, especially in patients who lose 
their colon after only a short spell of illness and toxic 
megacolon.     
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        Introduction 

    A signifi cant number of patients with ulcerative colitis (UC) 
and the majority of patients with familial adenomatous pol-
yposis (FAP) will eventually need colectomy. Restorative 
proctocolectomy with ileal pouch-anal anastomosis (IPAA) 
is a preferred approach to proctocolectomy with permanent 
ileostomy, since the IPAA procedure preserves intestinal 
continuity and improves health-related quality of life. 
However, this bowel-anatomy-altering procedure is often 
associated with complications. The most frequently observed 
long-term complication of IPAA is acute and chronic idio-
pathic infl ammation of the ileal reservoir, i.e., pouchitis. In 
this chapter, we provide up-to-date information on the etiol-
ogy, diagnosis, and management of pouchitis.  

    Incidence and Prevalence of Pouchitis 

 Pouchitis occurs almost exclusively in patients with underly-
ing UC who undergo restorative proctocolectomy, rarely in 
FAP patients undergoing the same surgical procedure [ 1 ,  2 ]. 

We speculate that etiopathogenesis of UC- and FAP- 
associated pouchitis may be different. It was estimated that 
initial episode of pouchitis happening within the fi rst year 
after ileostomy closure occurs in 5 % of patients with FAP 
[ 3 ]. In contrast, reported cumulative frequencies of pouchitis 
10–11 years after IPAA surgery for UC range from 23 to 
46 % [ 4 – 7 ]. Approximately 50 % of patients who have 
undergone IPAA surgery for UC would develop at least one 
episode of pouchitis [ 8 ]. The risk for developing pouchitis 
may be higher in the fi rst year following ileostomy closure 
[ 9 ,  10 ]. However, other studies reported that the risk contin-
ues to increase with longer follow-up [ 11 ]. While it has been 
diffi cult to estimate the true annual incidence of pouchitis, 
the reported incidence was 40 % in a randomized trial of a 
probiotic agent for the primary prophylaxis of pouchitis [ 9 ].  

    Etiology and Pathogenesis of Pouchitis 

 The etiology and pathogenesis of pouchitis remain elusive. 
It is generally believed that pouchitis results from alternations 
in commensal luminal microfl ora (i.e., dysbiosis), leading to 
changes in mucosal immune response in genetically suscepti-
ble hosts [ 12 ]. Clinical evidence indicates that bacteria play a 
critical role in the initiation and disease progression in pouchi-
tis, as conventional pouchitis hardly occurs in patients before 
stoma closure (except diversion pouchitis), and initial episodes 
of pouchitis in a majority of patients typically respond to anti-
biotic therapy. Investigators have also reported bacterial fl ora 
alterations, specifi cally a decrease in the number of lactoba-
cilli and an increase in the number of anaerobes,  Clostridium 
perfringens , and sulfate-reducing bacteria [ 13 ,  14 ]. 
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With advances in molecular microbiology, investigators were 
able to depict a clearer picture of bacterial fl ora of the ileal 
pouch. Bacterial profi les of UC pouches and FAP pouches 
appear to be different [ 15 ,  16 ]. In addition to commensal bac-
teria, pathogenic microbes have been reported in pouchitis, 
including  Clostridium diffi cile  [ 17 ,  18 ],  Campylobacter  spp. 
[ 19 ], and  Cytomegalovirus  (CMV) [ 20 – 22 ]. 

 Alterations in innate and adaptive mucosal immunity in 
the pouch and pouchitis have also been reported [ 23 – 28 ]. In 
addition, several genetic factors reported which may be asso-
ciated with pouchitis are polymorphisms of interleukin-1 
receptor antagonist [ 29 ,  30 ] and NOD2/CARD15 [ 31 ] and 
non-carrier status of tumor necrosis factor (TNF) allele 2 
[ 30 ]. The presence of the NOD2 insC mutation was found to 
be associated with poor pouch outcome among patients with 
UC and IPAA [ 32 ]. The presence of NOD2/CARD15 muta-
tions was also found to correlate with severe pouchitis after 
IPAA [ 33 ].  

    Risk Factors 

 Factors associated with pouchitis have been extensively 
studied. The identifi cation of risk factors may have a direct 
impact on the decision for the need and timing of IPAA and 
disease prevention of pouchitis. Patients’ basic demograph-
ics (including age, race, and sex) and surgical techniques of 
IPAA (e.g., pouch anatomy, number of stages, laparoscopic 
vs. open) may have a limited impact on the risk for develop-
ment of pouchitis [ 34 – 37 ]. Immunogenetic studies showed 
genetic polymorphisms such as those of IL-1 receptor antag-
onist [ 29 ], and NOD2 [ 30 ] may increase the risk for pouchi-
tis. Other reported risk factors include the presence of 
extensive UC preoperatively [ 38 ,  39 ], the presence of back-
wash ileitis [ 10 ,  38 ], the presence of precolectomy thrombo-
cytosis [ 40 ], the presence of concurrent primary sclerosing 
cholangitis (PSC) [ 10 ,  41 ,  42 ] or arthralgia or arthropathy 
[ 35 ], the presence of seropositivity to perinuclear anti- 
neutrophil cytoplasmic antibodies (p-ANCA) [ 5 ,  43 ,  44 ] or 
anti-CBir1 fl agellin [ 5 ], being a non-smoker [ 5 ,  35 ,  39 ], the 
regular use of non-steroidal anti-infl ammatory drugs 
(NSAIDs) [ 39 ,  42 ], and the presence of concurrent autoim-
mune disorders [ 45 ]. 

 There were discrepancies in reported risk factors associ-
ated with subsequent development of pouchitis among dif-
ferent groups of investigators. These variations could largely 
be due to the difference in study design, sample size, diag-
nostic criteria used for pouchitis, referral pattern, and statis-
tical methods. To complicate the matter, the diagnosis of 
acute and/or chronic pouchitis can be a moving target. For 
example, chronic pouchitis can evolve from acute pouchitis 
and other categories of pouch disorders such as pouch ana-
tomic abnormalities.  

    Diagnosis and Classifi cation 

 Establishing the diagnosis of pouchitis is not always 
 straightforward, since the patients typically present with 
nonspecifi c symptoms and signs. Patients with pouchitis 
have a wide range of clinical presentations, ranging from 
increased stool frequency, fecal urgency, fecal incontinence, 
and nighttime seepage to abdominal and/or pelvic discom-
fort. These symptoms, however, can be present in other 
infl ammatory and noninfl ammatory disorders of the pouch, 
such as cuffi tis, Crohn’s disease (CD) of the pouch, and irri-
table pouch syndrome. In addition, the severity of symptoms 
does not necessarily correlate with the degree of endoscopic 
and/or histologic infl ammation of the pouch [ 34 ,  46 ]. Patients 
with pouchitis due to enteric infections from pathogenic bac-
teria and viruses often present with constitutional symptoms, 
such as fever, general malaise, or weight loss. Therefore, a 
 combined assessment of symptoms and endoscopic and his-
tologic features is advocated for the diagnosis and differen-
tial diagnosis of pouchitis [ 34 ,  47 ]. Pouch endoscopy provides 
the most valuable information on severity and extent of 
mucosal infl ammation, the presence of neo-ileitis, CD of the 
pouch or cuffi tis, or other anatomic abnormalities, such as 
polyp, stricture, sinus, and fi stula (Fig.  34.1 ).

   Although histology has a limited role in grading the 
degree of pouch infl ammation, it provides valuable informa-
tion on some special features, such as granulomas, viral 
inclusion bodies (for CMV infection), pyloric gland meta-
plasia (a sign of chronic mucosal infl ammation) [ 48 ], neo-
plasia [ 49 ], ischemia, or prolapse. A diagnostic and treatment 
algorithm is proposed (Figs.  34.2  and  34.3 ).

    Laboratory testing is often necessary as a part of the eval-
uation of patients with pouch disorders, particularly in 
patients with chronic pouchitis. In patients with persistent 
symptoms, celiac sprue serology, salicylate screening, and 
microbiological assays for  Clostridium diffi cile  and CMV 
infections should be performed [ 50 ]. Fecal assays of lacto-
ferrin and calprotectin have been evaluated for the diagnosis 
and differential diagnosis of pouchitis. However, the use of 
laboratory tests may not replace pouch endoscopy as the 
fi rst-line evaluation for the diagnosis and differential diagno-
sis of pouchitis. 

 The natural history of pouchitis is poorly defi ned. 
Pouchitis likely represents a disease spectrum from acute, 
antibiotic-responsive, bacteria-associated entity to chronic, 
antibiotic-refractory, immune-mediated entity. Based on the 
etiology, disease duration and activity, and response to medi-
cal therapy, pouchitis can be categorized into: (1) idiopathic 
vs. secondary (with etiology such as NSAID use and 
 Clostridium diffi cile  or CMV infection), (2) acute vs. chronic 
(with a cutoff of 4 weeks of persistent symptoms being 
defi ned as chronic pouchitis), (3) infrequent episodes vs. 
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relapsing vs. continuous, and (4) responsive vs. refractory to 
antibiotic therapy [ 51 ]. Classifi cation based on the response 
to antibiotic therapy is useful in clinical practice [ 52 ]. 

 The various classifi cation categories for pouchitis are 
noted in Table  34.1 .

   We recently proposed a new disease category of pouchi-
tis, namely, “autoimmune pouchopathy” [ 45 ]. The patients 
often presented with symptoms similar to “bacteria- 
associated” pouchitis, such as increased stool frequency, 
cramps, and urgency. On endoscopic examination, there was 
mucosal infl ammation of the pouch body, with or without a 
long segment of infl ammation in the afferent limb. Although 
there are currently no established diagnostic criteria, the 
diagnosis of “autoimmune pouchopathy” may be suspected 
if a patient has antibiotic-refractory pouchitis, concurrent 
autoimmune disorders (such as rheumatoid arthritis and 
Hashimoto’s thyroiditis), serum autoantibodies, and the 
presence of increased epithelial apoptosis (authors’ unpub-
lished data). 

 We recently also described IgG4-associated pouchitis. 
We found that a subgroup of symptomatic pouch patients 
with concurrent autoimmune disorders had an increased 
number of IgG4-expressing plasma cells in the lamina pro-
pria of the pouch and/or afferent limb biopsies [ 53 ,  54 ]. 

On the other hand, we also found that the degree of tissue 
 IgG4- expressing plasma cells on pouch biopsy did not nec-
essarily correlate with the serum level of IgG4, a marker for 
autoimmune pancreatitis. In a separate study we demon-
strated that a high-level serum IgG4 was also associated 
with chronic antibiotic-refractory pouchitis [ 55 ]. The 
description of the new disease entity of the pouch suggests 
that abnormal mucosal B-cell immunity may play a role in 
the disease process of pouchitis and potentially provide a 
new therapeutic target. 

 PSC was reported to be associated with not only pouchitis 
but also long-segment backwash ileitis [ 54 ]. Typically, pouch 
patients with concurrent PSC often had a long segment of 
enteritis, with an endoscopic and histologic pattern similar to 
that of diffuse pouchitis. We speculate that pouchitis in those 
patients may represent a separate disease entity of the pouch, 
i.e., PSC-associated pouchitis/enteritis.  

    Differential Diagnosis 

 There are overlaps in clinical presentations between a variety 
of infl ammatory diseases of the pouch (such as pouchitis, 
cuffi tis, and CD of the pouch) and some anatomic diseases 

  Fig. 34.1    Endoscopy of infl ammatory and noninfl ammatory disorders 
of the pouch. ( a ) severe diffuse pouchitis, ( b ) cuffi tis, ( c ) Crohn’s dis-
ease of the pouch—ulcers at the neo-terminal ileum, ( d ) pinhole pouch 

inlet stricture, ( e ) pouch anastomotic sinus, and ( f ) opening of crypto-
glandular fi stula at the dentate line       
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(such as afferent limb or efferent limb obstruction, pouch 
sinus which is defi ned as a blind tract that may lead to an 
abscess cavity, and strictures). 

 Cuffi tis occurs primarily in patients with a stapled pouch- 
anal anastomosis, in whom a segment of rectal mucosa is left 
in place and becomes infl amed [ 56 ,  57 ]. Cuffi tis typically 
represents a recurrence of UC in the residual mucosa. 
However, other disease process may also contribute to the 
development of cuffi tis, such as CD and ischemia [ 58 ]. 
Patients with cuffi tis often present with bloody bowel move-
ments, which seldom occur in conventional pouchitis. 

 One of the other common infl ammatory disorders is CD 
of the pouch. CD of the pouch can occur after IPAA which 
is intentionally performed in a selected group of patients 
with CD with no small intestinal or perianal diseases [ 59 ]. 
CD is also inadvertently found in proctocolectomy speci-
mens in patients with a preoperative diagnosis of UC or 
indeterminate colitis. However, a majority of patients with 
CD of the pouch were considered to develop the disease de 
novo. IPAA surgery with fecal stasis, sutures and anastomo-
sis, ischemia, and re-routing of bowel may create a 
“CD-friendly” environment. Whether CD of the pouch or 
CD-like condition of the pouch is a true de novo, IBD is not 
known. Clinical phenotypes of CD of the pouch can be 
infl ammatory, fi brostenotic, or fi stulizing. The diagnosis of 
CD of the pouch often needs a combined assessment of 
symptoms, endoscopy, histology, radiography, and some-
times examination under anesthesia. 

 Patients with anatomic diseases (such as pouch leaks, 
sinus tracts, fi stula, and abscesses) and pouch ischemia can 
present with symptoms resembling symptoms of patients 
with pouchitis. Again, pouch endoscopy is considered the 
fi rst-line diagnostic modality. Additional evaluation with 

radiography or examination under general anesthesia may 
be helpful. 

 Irritable pouch syndrome is a functional disorder in 
patients with IPAA [ 60 ]. There are great overlaps in clinical 
presentation between irritable pouch syndrome and pouchi-
tis. Currently, irritable pouch syndrome is a diagnosis of 
exclusion with symptoms but absence of endoscopic, radio-
graphic, or histologic abnormalities. Pouch endoscopy is the 
diagnostic modality of choice for the distinction between 
pouchitis and irritable pouch syndrome.  

    Management 

 While acute pouchitis is easy to treat, chronic pouchitis 
remains diffi cult to manage. The management strategies vary 
based on the etiology, triggering factors, and classifi cation of 
pouchitis (Figs.  34.2  and  34.3 ) [ 61 ]. 

    Antibiotics 

 Since the majority of pouchitis is of bacterial etiology, antibi-
otic therapy is the mainstay of therapy. For antibiotic- responsive 
acute pouchitis, the fi rst-line therapy includes a 14-day course 
of metronidazole (15–20 mg/kg/day) or ciprofl oxacin 
(1,000 mg/day) [ 62 ,  63 ]. A randomized trial of  ciprofl oxacin 
(1,000 mg/day) and metronidazole (20 mg/kg/day) showed that 
patients treated with ciprofl oxacin  experienced a greater reduc-
tion in the disease activity scores and fewer adverse effects 
(0 % vs. 33 %) than those treated with metronidazole [ 63 ]. 
Most patients with acute pouchitis initially respond to cipro-
fl oxacin at a dose of 500–1,000 mg/day or metronidazole at 

   Table 34.1    Classifi cation of pouchitis   

 Based on etiology 
  Idiopathic  With unidentifi ed pathogens or triggering factors 
  Secondary  •    Clostridium diffi cile -associated 

 •    Cytomegalovirus -associated 
 •   Other pathogen-associated 
 •   NSAID-induced 
 •   Ischemic 
 •   Autoimmune or IgG4-associated 
 •   PSC-associated pouchitis/enteritis 

 Based on duration of symptoms 
  Acute  Less than 4 weeks 
  Chronic  Greater than 4 weeks 
 Based on symptom pattern 
  Infrequent  <3 episodes per year 
  Relapsing  ≥3 episodes per year or recurrence within 1 month of successful antibiotic therapy 
 Based on response to antibiotic therapy 
  Antibiotic-responsive  Responds to a course of antibiotics 
  Antibiotic-dependent  Requires ongoing antibiotic therapy to maintain response 
  Antibiotic-refractory  Does not respond to a standard course of antibiotics 
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doses of 750–1,500 mg/day. Symptomatic improvement 
 usually occurs within 1–2 days after initiation of therapy. 
Patients with relapsing or continuous pouchitis may require 
chronic maintenance ciprofl oxacin therapy with doses ranging 
from 250 mg every third day up to 1,000 mg/day. Combination 
therapy with ciprofl oxacin and metronidazole for 28 days was 
shown to be effective in treating backwash ileitis in a recent 
open-labeled trial [ 64 ]. Furthermore, diffuse pouchitis can be 
associated with backwash ileitis, particularly in patients with 
concurrent PSC. Those patients may be treated with antibiotics 
or oral budesonide (see below). 

 Rifaximin, a non-absorbed antibiotic frequently used in 
pouchitis, was not shown to be more effective than placebo 
in a small controlled trial [ 65 ]. However, rifaximin mainte-
nance therapy appears to be effective in preventing relapse in 
a majority of patients with antibiotic-dependent pouchitis 
after induction of remission with a variety of antibiotics [ 66 ]. 
In this study, 51 patients began maintenance therapy with 
rifaximin (median dose 200 mg/day); 33 (65 %) maintained 
remission through 3 months. Of these 33 patients, 26 (79 %) 
successfully continued maintenance for 6 months after 
beginning maintenance, 19 (58 %) successfully continued 
for 12 months, and 2 (6 %) successfully continued for 24 
months. Other oral antibiotics were also reported in open- 
labeled trials to be effective, including tetracycline, clarithro-
mycin, amoxicillin/clavulanic acid, and doxycycline [ 67 ]. 

 The management of chronic antibiotic-refractory pouchi-
tis often poses a challenge. In fact, this phenotype of pouchi-
tis is one of the most common causes for pouch failure 
requiring pouch excision or diversion. It is important to 
investigate contributing causes related to failure to antibiotic 
therapy. Fecal coliform sensitivity testing was shown to be 
helpful in guiding choice of appropriate antibiotics in 
patients with antibiotic-refractory pouchitis [ 68 ]. In this 
study, 80 % of patients achieved a clinical remission with 
individualized therapy based on sensitivity results. 

 For chronic antibiotic-refractory pouchitis, a combined 
use of antibiotic agents with a prolonged course may be 
attempted. In open-labeled trials, a combined therapy of cip-
rofl oxacin (1,000 mg/day) with rifaximin (2,000 mg/day) 
[ 69 ,  70 ], metronidazole (1,000 mg/day) [ 71 ], or tinidazole 
(1,000–1,500 mg/day) for 4 weeks was reported to be effec-
tive [ 72 ]. However, maintenance of remission in this group 
of patients after a successful induction therapy with the dual 
antibiotic therapy remains to be challenging [ 73 ]. 

 Chronic antibiotic-refractory pouchitis is often associated 
with secondary causes, such as NSAID use, concurrent 
 Clostridium diffi cile  [ 74 ], CMV [ 20 ,  21 ], or fungal infection 
[ 75 ], celiac disease, and other autoimmune disorders. 
Targeted therapy is a key.  

    5-ASA Agents 

 There are no randomized trials comparing oral or topical 
5-aminosalicylate (5-ASA) therapy with placebo in 
 management of pouchitis. Anecdotal reports suggest that 
topical (enema) or oral mesalamine may be of benefi t [ 76 ,  77 ]. 
Topical mesalamine is also reported to be of benefi t in man-
agement of cuffi tis [ 56 ]. Recently, a pilot, open-labeled study 
showed that oral sulfasalazine (3,000 mg/day) leads to pou-
chitis in remission in 63 % of patients [ 78 ]. Sulfasalazine 
may be particularly indicated in patients with concurrent 
pouchitis and arthralgia or arthropathy, as NSAID is nor-
mally contraindicated in patients with IPAA.  

    Corticosteroids 

 Oral prednisone is hardly used in the treatment of pouchitis 
due to its side effect profi le and the lack of long-term effi -
cacy. The only exception is pouchitis episode in pregnant 
women, in authors’ experience. On the other hand, oral and 
topically active budesonide has been used in both acute and 
chronic pouchitis. A randomized controlled trial budesonide 
enema was conducted in comparison with oral metronida-
zole [ 79 ]. Improvement was similar in both groups, but 
budesonide enemas had a more favorable side effect profi le. 
Budesonide suppositories for 4 weeks were showed to result 
in endoscopic improvement or remission in patients with 
acute pouchitis, but six of ten (60 %) patients relapsed 8 
weeks later [ 80 ]. For patients who fail antibiotics, oral 
budesonide may be an option. In an open-labeled study of 20 
patients with chronic antibiotic-refractory pouchitis, oral 
budesonide (9 mg/day orally for 8 weeks) induced remission 
in 15 (75 %) patients [ 81 ]. In a separate open-labeled series, 
budesonide induced a 60 % response rate in patients with 
antibiotic-refractory pouchitis [ 82 ]. 

 With the description of autoimmune pouchitis, IgG4- 
associated pouchitis, and PSC-associated pouchitis/enteritis, 
oral budesonide has been routinely used in the authors’ prac-
tice. Our anecdotal experience highlighted that some of the 
patients responded favorably to the therapy. We typically 
used oral budesonide 9 mg/day, with broken capsules, for 
treatment and 3–6 mg/day for maintenance therapy. As cap-
sulated oral budesonide was designed for the pharmacologic 
action at the distal small bowel and autoimmune-associated 
pouchitis often involves whole small bowel and pouch, we 
expect that the administration of broken capsules may help 
drug delivery in a larger area of GI tract. Bone mineral den-
sity and blood glucose should be monitored in patients on 
long-term budesonide therapy.  
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    Immunomodulators 

 There are scant data on immunomodulator therapy for 
 pouchitis. For patients with chronic pouchitis who are depen-
dent on long-term maintenance therapy with antibiotics or 
topical and/or oral steroids, immunomodulators such as aza-
thioprine and 6-mercaptopurine may be an alternative. Our 
anecdotal experience suggests that 6-mercaptopurine may be 
benefi cial for patients with autoimmune pouchitis or IgG4- 
associated pouchitis. Anecdotal reports also suggested the 
effi cacy of calcineurin inhibitors such as cyclosporine [ 83 ] 
and tacrolimus for therapy of chronic pouchitis.  

    Biologics 

 Tumor necrosis factor alpha (TNF-α) expression has been 
shown signifi cantly higher in mucosal pouch biopsies of 
patients with pouchitis than noninfl amed pouches in UC 
patients [ 84 ]. Biological agents which have been routinely 
used in CD of the pouch have also been used in chronic 
refractory pouchitis [ 85 ]. Short-term treatment (10 weeks) 
with infl iximab was reported to be effective in a small group 
( n  = 10) of patients with chronic antibiotic-refractory pouchi-
tis complicated with ileitis [ 86 ]. Clinical remission was 
achieved in nine patients, and endoscopic remission with a 
complete healing of all lesions was observed in eight patients. 
Infl iximab was also reported to be effective on a long-term 
basis in patients with refractory luminal infl ammation and in 
some patients whose disease is complicated with pouch fi s-
tulas [ 87 ]. In this retrospective study, after a median follow-
 up of 20 months, 56 % showed sustained clinical response 
while three out of seven fi stula patients showed sustained 
fi stula response.  

    Probiotics 

 It has been recommended by some individuals that patients 
with chronic pouchitis who achieve remission following 
antibiotic therapy but relapse more than three times per year 
should be treated with maintenance therapy [ 88 ]. Probiotics 
have been used as maintenance therapy for patients with 
antibiotic-dependent pouchitis or relapsing pouchitis (sec-
ondary prophylaxis), and also in prevention of pouchitis after 
IPAA surgery (primary prophylaxis). In addition, high-dose 
probiotics have been used for treating pouchitis. In a study of 
a probiotic agent, VSL#3 ® , 3,600 billion bacteria/day in 
treating mild pouchitis, 16 of 23 patients (69 %) were in 
remission after treatment [ 89 ]. A prospective, randomized, 
double-blind, placebo-controlled trial highlighted that treat-
ment with VSL#3 ®  at a dose of 900 billion bacteria/day was 
also effective in the prevention of the onset of acute pouchitis 

and improved quality of life of patients with IPAA [ 90 ]. 
A randomized trial of VSL#3 ®  at a dose of 6 g/day was con-
ducted for the maintenance therapy to prevent relapse of 
pouchitis, after remission was induced by oral ciprofl oxacin 
(1,000 mg/day) plus rifaximin (2,000 mg/day). During the 
9-month trial of 40 patients with relapsing pouchitis, 15 % in 
the probiotic group relapsed vs. 100 % in the placebo group 
relapsed [ 91 ]. A separate randomized trial of VSL#3 ®  in 
patients with antibiotic-dependent pouchitis showed that 17 
of 20 patients (85 %) in the VSL#3 ®  group maintained clini-
cal remission, compared to remission in 1 of 16 patients 
(6 %) in the placebo group [ 92 ]. A meta-analysis of fi ve ran-
domized, placebo-controlled clinical trials was performed. 
Pooling of the results from these trials yielded an odds ratio 
of 0.04 in the treatment group in comparison with the pla-
cebo group. The benefi t of probiotics in the management of 
pouchitis after IPAA operation was confi rmed by the meta- 
analysis [ 93 ]. However, the routine use of probiotics for the 
induction and maintenance therapy of pouchitis has stirred 
some controversy. Some post-market open-labeled studies 
reported a much lower response rate of pouchitis that was 
originally reported. The above outstanding results have been 
challenged by two recent post-market open-labeled trials. In 
a study of 31 patients with antibiotic-dependent pouchitis 
treated with VSL#3 ®  for maintenance therapy after 2 weeks 
of treatment with ciprofl oxacin, 25 patients (81 %) had 
stopped the agent at 8 months, mainly because of the lack of 
effi cacy or development of adverse effects [ 94 ]. Similar 
results were reported in a separate open-labeled trial [ 95 ].  

    Other Agents 

 Other agents, including allopurinol [ 96 ,  97 ], bismuth car-
bomer enema [ 98 ,  99 ], short-chain fatty acid (SCFA) ene-
mas, and glutamine enemas, have been reported to be of 
benefi t from uncontrolled data. However, based on cur-
rently available controlled data, bismuth and allopurinol 
cannot be advocated as a therapy for pouchitis [ 100 ]. 
Considering the low overall response rates observed during 
open therapy with SCFA or glutamine, it appears not ben-
efi cial for pouchitis and cannot be advocated as standard 
therapy [ 100 ]. Recently, leukocytapheresis [ 101 ] and AST-
120 (spherical carbon adsorbent) [ 102 ] showed benefi t in 
patients with acute pouchitis. Randomized, placebo- 
controlled trials are warranted for assessing the long-term 
effi cacy of these strategies.  

    Endoscopic Polypectomy 

 Chronic pouchitis can be associated with single or multiple, 
small or large infl ammatory polyps. Large (>1 cm) pouch 
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polyps can occasionally cause bleeding and can be 
dysplastic. Endoscopic polypectomy is feasible, which may 
be helpful in controlling patients’ symptoms, in conjunction 
with medical therapy [ 103 ].   

    Summary and Conclusions 

 Pouchitis is the most common long-term complication of 
IPAA, which represents a spectrum of disease processes with 
different clinical phenotypes, risk factors, pathogenetic path-
ways, natural history, and prognosis. Pouch endoscopy is the 
most valuable tool for diagnosis and differential diagnosis. 
While the majority of patients with pouchitis respond favor-
ably to antibiotic therapy, antibiotic-dependent or antibiotic- 
refractory diseases have posed a therapeutic challenge. 
Management of pouchitis, particularly chronic pouchitis, can 
be diffi cult. The search for a secondary etiology of pouchitis, 
such as  Clostridium diffi cile  infection, should be performed. 
Medical treatment of pouchitis is largely empiric, and only a 
few small randomized, placebo-controlled trials have been 
conducted. To date, there were no FDA-approved agents for 
pouchitis or other pouch disorders. A multidisciplinary 
approach involving gastroenterologists and colorectal sur-
geons, together with a team of GI pathologists and GI radi-
ologists is advocated.     
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        Introduction 

 Infl ammatory bowel disease (IBD) is a group of disorders 
characterized by a dysregulated immune response to envi-
ronmental antigens in genetically susceptible individuals. 
Typical clinical, endoscopic, and pathologic characteristics 
of intestinal disease divide IBD into ulcerative colitis (UC) 
and Crohn’s disease (CD). While intestinal characteristics 
defi ne the type of disease, the systemic nature of the underly-
ing immune disorder is revealed clinically by extraintestinal 
manifestations (EIMs). Classical EIMs include joint, skin, 
ocular, and hepatobiliary manifestations; however, as our 
knowledge of the systemic effects of IBD expands, addi-
tional organ systems have been included under the umbrella 
of EIMs, including hematologic and pulmonary manifesta-
tions. Often these EIMs can cause signifi cant morbidity and 
mortality and pose signifi cant challenges for the managing 
physician. 

 In this chapter, we focused on the medical management of 
EIMs primarily associated with UC. There is considerable 
overlap with respect to particular EIMs associated with UC 
or CD, and the current evidence for management is  frequently 

extrapolated from non-IBD cases. Notable cases are high-
lighted to provide the evidence for practical management. 
Diagnostic and epidemiologic data are discussed where 
applicable to enhance management algorithms or treatment 
strategies, but a comprehensive review of all EIMs in IBD is 
beyond the scope of this review. 

 While the characterization of EIMs is based on the clini-
cal phenotype, the elucidation of the underlying pathogenic 
mechanisms offers the promise of improving diagnostic and 
therapeutic modalities. Genetic susceptibility and environ-
mental triggers likely converge to produce clinical manifes-
tations of disease. Genome-wide association studies have 
uncovered numerous disease susceptibility genes involved in 
T cell activation (e.g.,  STAT3, IL23R ) and response to 
 microbial stimuli (e.g.,  NOD2, ATG16L ). With large net-
works of intestinal lymphoid tissue in close proximity to a 
high density of luminal bacteria, the gut is the likely portal of 
entry for the dysregulated immune response. Intestinal 
microbes can provide “danger” signals to break the immune 
system’s tolerance to “self”-antigens. Alternatively, 
 microbial-derived antigens may stimulate autoimmune 
responses by mimicking tissue antigens. Emerging data from 
both human and mouse models have begun to defi ne how the 
microbiome (the collection of organisms residing in the 
intestine) shape the systemic immune response. Studies of 
the microbiome have revealed notable differences for patients 
with IBD compared to non-IBD controls [ 1 – 3 ], but a micro-
bial cause of IBD remains elusive. Further studies defi ning 
the genetics and microbiology in IBD patients with EIMs 
will ultimately drive improved immunophenotyping and 
therapeutic strategies. As such, we have included the emerg-
ing clinical and research data on the etiopathogenesis of 
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EIMs to highlight the emerging role for a molecular 
 taxonomy of disease subtypes with distinct prognostic and 
therapeutic signifi cance [ 4 ].  

    Classifi cation 

 EIMs can be classifi ed under three main groups: reactive 
manifestations in various organ systems, non-IBD-specifi c 
autoimmune manifestations (hemolytic anemia, thyroid dis-
ease, vitiligo, and insulin-dependent diabetes mellitus), and 
IBD-related complications (metabolic bone disease, nephro-
lithiasis, amyloidosis). Reactive manifestations can be 
 associated with disease activity (type I peripheral arthritis, 
erythema nodosum, aphthous stomatitis) or independent 
(pyoderma gangrenosum, uveitis, ankylosing spondylitis, 
primary sclerosing cholangitis, type II arthritis). While the 
classifi cation of these manifestations by intestinal activity 
has been incorporated into the canonical teaching of IBD, in 
practice these associations offer general guidelines rather 
than absolute characterizations [ 5 ]. Given the variable asso-
ciation of EIMs with intestinal disease and the desire to offer 
a clear approach according to manifestation, this chapter is 
organized by symptom/organ system.  

    Epidemiology 

 Retrospective analysis of case records of 700 patients found 
EIMs in 36 % of the entire series, of which 202 carried a 
diagnosis of UC [ 6 ]. The majority of these EIMs (23 %) 
were associated with joint infl ammation. The analysis of the 
National Cooperative Crohn’s Disease Study reported a 
similar 24 % incidence in a cohort of 569 patients with 
Crohn’s disease [ 7 ]. Prospective analysis of 792 patients 
(343 with UC) followed for up to 20 years revealed a 25.8 % 
occurrence of at least one EIM [ 8 ]. More recent prospective 
population- based analysis of 850 IBD patients from 
Switzerland supported these estimates, revealing 61 % of 
CD and 39 % of UC patients with at least one ongoing 
EIM. Similarly, peripheral arthritis (defi ned as “pain, swell-
ing, and redness in one or several joints”) in this cohort 
accounted for 33.3 and 21.3 % of EIM in CD and UC, 
respectively [ 9 ]. Population-based, longitudinal analysis of 
patients from the Manitoba IBD database revealed a 10-year 
prevalence of 5.5 and 7 % for CD and UC, respectively [ 10 ]. 
Notably, these data exclude arthritis/arthralgia which likely 
accounts for the drastic differences reported for EIM 
prevalence. 

 In this chapter, we have focused on the medical manage-
ment of EIMs associated with UC. Although joint symptoms 
are reported more frequently in CD, they are also the most 
frequent EIM in UC (11–21.3 %) [ 8 ,  9 ] and will be discussed 

below. Similarly, erythema nodosum and aphthous stomatitis 
are more common in CD [ 6 ,  9 ], but found in >3 % of UC 
patients and discussed below. Other skin manifestations such 
as pyoderma gangrenosum are less frequently reported over-
all (0.8–2.2 %), but are associated more commonly with 
ulcerative colitis. Primary sclerosing cholangitis (PSC) is 
similarly more frequently found in the setting of UC. Ocular 
manifestations and axial spondyloarthropathies are common 
in both UC and CD.  

    Pathogenesis 

    Adaptive Immunity 

 While the clinical association of IBD with EIMs was 
described almost a century ago, the mechanisms underlying 
the pathogenesis have not been well characterized. Genome- 
wide association studies revealed polymorphisms in genes 
involved in the maintenance of epithelial barrier integrity, 
innate pattern recognition, and T cell function [ 11 ], but the 
impact of these genetic susceptibility alleles on particular 
EIMs has not been reported. Familial studies of EIMs in IBD 
show high concordance rates between fi rst-degree relatives 
[ 12 ,  13 ] suggesting a genetic predisposition. Although sig-
nifi cant genetic heterogeneity exists within IBD, major his-
tocompatibility alleles DRB1*103 (8.3 % vs. 3.2 % in 
controls) and DRB1*12 are implicated in inherited suscepti-
bility to IBD [ 14 ], particularly in patients with EIMs includ-
ing arthritis, aphthous stomatitis, and uveitis [ 13 ,  15 ]. These 
associations highlight the importance of dysregulated adap-
tive immunity in the pathogenesis of EIMs. Of note, aberrant 
expression of chemokine CCL25 by hepatic sinusoidal endo-
thelium enables the recruitment of these infl ammatory intes-
tinal T cell to the liver in PSC [ 16 ]. Autoantibodies against 
various isoforms of tropomyosin have been reported in 
patients with UC, and the cross-reactivity against tropomyo-
sin in extraintestinal organs may underlie the systemic 
immune response [ 17 ].  

    Intestinal Microbes Drive Systemic 
Infl ammation 

 Microbial antigen at the mucosal interface may likely trigger 
the dysregulated immune response. This hypothesis is sup-
ported by the clinical observation that EIMs are much more 
frequently associated with colonic or ileocolonic disease com-
pared to isolated small bowel enteritis (42 % in colonic disease 
vs. 23 % in isolated small bowel) [ 6 ]. The colon 
(in particular, the cecum) contains a higher microbial burden 
than the small intestine, and the colonic intestinal microbiota 
may regulate lamina propria immune cell activation. In particular, 

R.S. Longman and E.J. Scherl



379

the colon is an important site for  microbial- dependent induc-
tion of regulatory CD4+ T cell function [ 18 ]. Regulatory T 
cells produce the cytokine interleukin (IL)-10 which regulates 
the production of infl ammatory cytokines [ 19 ]. Clostridium 
clusters IV and XIVa induce regulatory T cells in the colon and 
protect mice from chemically induced colitis [ 18 ]. 
Lachnospiraceae, which include clostridium clusters IV and 
XIVa, are decreased in patients with IBD [ 3 ]. Moreover, reduc-
tion in  Faecalibacterium prausnitzii , a member of cluster IV, 
correlates with higher incidence of postoperative recurrence of 
ileal Crohn’s disease [ 20 ]. Enhancing regulatory T cell function 
can protect against colitis and systemic arthritis [ 21 ,  22 ]. In 
addition to regulatory T cells, the genetic importance of the 
IL-23 receptor in IBD highlighted the importance of IL-23 
responsive T cells, which produce proinfl ammatory cytokines 
IL-17 (called “Th17” cells). Notably, Th17 cells play an impor-
tant role in human [ 23 ] and mouse models of arthritis [ 24 ,  25 ]. 
The colonization of the terminal ileum by segmented fi lamen-
tous bacteria is suffi cient to induce intestinal Th17 [ 26 ] and 
systemic manifestations of autoimmunity [ 27 ]. 

 Microbial regulation of innate immunity may also play 
an important role. Mouse models of UC revealed a crucial 
role for the transcription factor T-bet in colonic dendritic 
cells (DCs), which protect against intestinal disease [ 28 ]. 
Interestingly, T-bet functions in peripheral DCs to enhance 
immune infl ammation in the joints [ 29 ] suggesting that the 
dysregulation of DC function may be central to the link 
between intestinal and systemic immune activation. T-bet-
dependent UC is transmissible by intestinal microbiota, 
and sequencing of the bacteria revealed that  Klebsiella 
pneumoniae  and  Proteus mirabilis  (in the presence of 
maternally transmitted microbiota) can induce disease [ 30 ]. 
Although a microbial cause for EIMs remains to be identi-
fi ed, ongoing studies evaluating the pathogenesis in human 
may ultimately improve diagnostic immunophenotyping to 
allow for targeted therapy either by microbial manipulation 
(e.g., antibiotics/fecal bacteriotherapy) or medical regula-
tion of signaling in immune cells.   

    Joint Manifestations 

 Joint pain is the most common EIM occurring in 6–33 % of 
patients with IBD [ 9 ,  31 ]. Symptoms are reported more fre-
quently in CD [ 32 ,  33 ], but population-based studies indicate 
rates of 15–21 % in patients with UC. IBD-associated joint 
pain is clustered with seronegative spondyloarthritis (SpA), 
which also includes reactive arthritis, psoriatic arthritis, 
ankylosing spondylitis, and undifferentiated SpA. IBD- 
associated SpA may either be peripheral or axial. 
 IBD- associated peripheral arthritis (PeA) has been charac-
terized clinically as either type I or type II [ 31 ]. Type I PeA 
is an acute, pauciarticular arthritis, affecting <5 joints, one of 

which is a large, weight-bearing joint. Type I PeA is often 
associated with intestinal infl ammation and occurs fre-
quently in patients with other EIMs (particularly erythema 
nodosum and uveitis). Type II PeA is a persistent polyarticu-
lar arthropathy with a median duration of 3 years. Symptoms 
are generally independent of intestinal infl ammation, but 
may be associated with uveitis. Large cross-sectional analy-
sis of 976 UC patients reports rates of 3.6 % type I and 2.5 % 
type II. These low rates refl ect strict exclusion of patients 
with arthralgias in comparison to population-based studies 
[ 9 ,  34 ]. Type I PeA is associated with HLA-B27 [ 31 ], vali-
dating its inclusion as a seronegative SpA, as well as a rare 
major histocompatibility II allele HLA-DRB1*0103. HLA- 
B44 is associated with type II arthritis (RR2.1) suggesting 
the possibility of different immune-mediated mechanism. 

 In addition to peripheral arthropathy, axial spondyloar-
thropathy including ankylosing spondylitis is frequent in 
IBD. Although back pain is present in 20–30 % of patients 
and radiographic imaging of sacroiliitis is present in 
20–25 %, only 2–10 % of patients with IBD fulfi ll the crite-
ria of ankylosing spondylitis [ 35 ]. The recent development 
of new criteria by the Assessment of SpondyloArthritis inter-
national Society (ASAS) has increased the sensitivity and 
specifi city of diagnosis to 83 and 84 %, respectively, and 
may improve early detection of AS in IBD. These criteria 
include radiographic imaging (X-ray or MRI) of sacroiliitis 
plus one feature of SpA or the presence of HLA-B27 with 
two clinical features of SpA [ 36 ]. 

 The differential diagnosis of joint pain in IBD includes 
delayed infusion reactions or drug-induced lupus, osteoar-
thritis, infection, tendonitis, and fracture. Red and warm 
joints signal infl ammation compared to simple arthralgia. 
Multiple joints suggest systemic infl ammation or medica-
tion reaction compared with isolated joints refl ecting trauma 
or infection. Complaints of back or hip pain should precipi-
tate evaluation for ankylosing spondylitis, psoas abscess 
with CD, or avascular necrosis in a patient with previous 
steroid exposure. Laboratory evaluation will often involve 
ESR and CRP as serologic markers of systemic infl amma-
tion and antibody titers of ANA and anti-dsDNA. Notably, 
infl iximab and adalimumab can be associated with drug-
induced ANA positivity or lupus-like arthralgias; transition 
to certolizumab (which lacks the Fc portion) resolves this 
immune-mediated phenotype [ 37 ]. HLA-B27 may be 
important to exclude ankylosing spondylitis and imaging 
may be important to help clarify the diagnosis. In general, 
IBD-associated SpA is nonerosive; evidence of erosive joint 
should prompt further evaluation and rheumatology consul-
tation. CT or MRI may be necessary to evaluate for abscess 
or soft tissue infections. 

 The therapeutic management of IBD-associated SpA 
includes general measures, symptomatic measures, and 
 management of underlying disease. Rest and analgesics are 
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universally recommended. Nonsteroidal anti-infl ammato-
ries (NSAIDs) are very effective in treating joint swelling 
and are primary therapy in patients with AS; however, 
NSAIDs are largely avoided in patients with IBD given the 
concern for disease relapse. One notable retrospective case-
control study using a large pharmacy database found an 
odds ratio of 1.77 and 1.93 for current and recent NSAIDs 
use, respectively, in patients evaluated in the emergency 
room for colitis exacerbation [ 38 ]. However, the majority of 
the data associating NSAIDs and IBD fl ares stems from ret-
rospective studies [reviewed in [ 39 ]]. A major caveat to 
these associations is the fact that disease-associated symp-
toms precipitated the use of NSAIDs. One prospective trial 
of IBD patients without joint pains treated with either non-
selective NSAIDs compared to COX-2 selective NSAIDs or 
acetaminophen revealed increased rates (17–28 %) of fl ares 
in patients given nonselective NSAIDs (naproxen or nabum-
etone) [ 40 ]. Although two retrospective studies of COX-2 
selective NSAIDs (celecoxib or rofecoxib) revealed a higher 
incidence of discontinuation for GI disturbance [ 41 ,  42 ], the 
largest randomized controlled trial of patients with quies-
cent UC revealed no increase in disease exacerbation in 
patients treated with celecoxib compared to placebo for up 
to 2 weeks [ 43 ]. Thus, celecoxib may be safe for patients 
with well- controlled UC, particularly if they have taken that 
medication in the past and it will be used for short duration; 
however, given the concern for any NSAID to exacerbate 
intestinal disease, NSAIDs should be avoided if possible 
and attempts made to treat underlying disease while maxi-
mizing analgesia and rest. 

 Joint pain, particularly arthralgias and type I arthropathy, 
often accompanies disease activity and improves with man-
agement of intestinal disease. Sulfasalazine is effective for 
inducing remission of UC at 4–6 g/day. Although metanaly-
sis revealed no benefi t of sulfasalazine on functional out-
comes for patients with AS, limited subgroup analysis 
suggested benefi t in patients with the early disease, high 
ESR, or peripheral arthropathy [ 44 ]. Mesalamine showed 
some clinical and laboratory effect in two open-label studies 
suggesting that the 5-ASA (and not the sulfapyridine) may 
be the effective moiety in treatment of SpA [ 45 ,  46 ]. Steroids 
are effective in controlling EIMs when required to treat 
intestinal UC. High-dose steroids have been used anecdot-
ally for refractory ankylosing spondylitis [ 47 ]. Although 
6-mercaptopurine and azathioprine are important steroid- 
sparing agents in the management of UC, there is little data 
supporting their role in IBD-associated SpA or AS [ 48 ]. 
Furthermore, a metanalysis of three randomized controlled 
trials found no clear benefi t of oral methotrexate [ 49 ]. 

 The effectiveness of anti-TNFα biologics in the manage-
ment of IBD-associated peripheral and axial spondyloarthri-
tis can be extrapolated from CD-based trials. In patients with 
mild to moderate (defi ned by a Crohn’s Disease Activity 

Index of 220–450) joint symptoms that are refractory to 
 steroids, 6-MP, and methotrexate, 61 % reported improve-
ment in joint symptoms at 12 weeks, and 46 % reported no 
persistent symptoms [ 50 ]. Notably, only 25 % of the patients 
had true arthritis with arthralgias, whereas 75 % had only 
arthralgias. Using a more strict defi nition of SpA, an open-
label trial of 24 patients treated with infl iximab showed a 
more rapid resolution of peripheral arthritis and enthesitis 
[ 51 ]. Similar results have been reported with the use of adali-
mumab in infl iximab primary nonresponders [ 52 ]. Anti-
TNFα biologics are indicated for the treatment of AS which 
cannot be controlled with either sulfasalazine or NSAIDs 
[ 53 ]. Despite the role for etanercept in the medical manage-
ment of arthritis, retrospective analysis suggests a higher risk 
of IBD fl ares associated with etanercept [ 54 ] and is therefore 
avoided in the management of IBD. 

 Additional strategies for the management of IBD- 
associated SpA may be required in refractory cases. 
Interestingly, retrospective analysis of patients treated with 
ileocecectomy reveals less frequent arthritis complications, 
suggesting that the location and interaction with microbiota 
may alter disease pathogenesis [ 55 ]. Pilot studies suggest 
that probiotics may improve clinical outcomes [ 56 ], but ran-
domized controlled trials are needed. Total proctocolectomy 
when required for active, refractory UC can improve joint 
pains; however, occasionally arthritis and spondylitis will 
persist [ 57 ,  58 ].  

    Skin Manifestations 

 Major cutaneous manifestations occur in 2–34 % patients with 
IBD [ 5 ,  59 ]. These manifestations include erythema nodosum, 
pyoderma gangrenosum, and aphthous stomatitis, but other 
conditions including infection and skin cancer may be equally 
likely. A two- to threefold increased risk of psoriasis has been 
reported in both UC and CD [ 34 ,  60 ]. Frequently, a thorough 
history will help reveal the diagnosis, including association of 
symptoms with intestinal symptoms, recent travel, steroids, 
new medications, or recent infusion; however, dermatology 
consultation may be prudent if the diagnosis is uncertain or 
assistance with therapy is required. Exclusion of malignancy 
is important, particularly if there is a history of exposure to 
thiopurines. Large cohort studies including 26,974 patients 
with UC revealed an overall increased relative risk of 1.47 
compared to case-matched controls [ 61 ]. Nested case-control 
analysis revealed an association of malignancy with thiopu-
rine use. Although this fi nding was not corroborated by other 
retrospective studies [ 62 ], prospective analysis by the 
CESAME study group revealed signifi cantly higher incidence 
rates for patients with ongoing (hazard ratio 5.90) or previous 
(HR 3.94) thiopurine exposure [ 63 ]. In addition several recent 
fi ndings have confi rmed these fi ndings. 
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    Erythema Nodosum 

 The diagnosis of erythema nodosum (EN) can often be made 
clinically with classic raised, tender, red subcutaneous nod-
ules usually present on the extensor surfaces of the lower 
extremities. Less frequently, nodules may occur on the 
calves, trunk, and face. The course of EN is usually self- 
limiting. Superfi cial discoloration may persist for weeks, but 
dermal ulceration or scarring does not occur. Histology 
reveals a focal panniculitis without vasculitis. Biopsy is 
rarely needed to make the diagnosis, but, if required, should 
be excisional to include the subcutaneous adipose tissue. The 
etiology appears to be mediated by immune complex deposi-
tion in the venules of subcutaneous connective tissue [ 64 ]. 
The majority of IBD-associated EN (~90 %) occurs in the 
setting of IBD relapse [ 65 ]. As such, EN in the absence of 
intestinal infl ammation should prompt investigation for other 
causes. Underlying conditions commonly associated with 
EN include infections (poststreptococcal, primary tuberculo-
sis), sarcoidosis, pregnancy, Behcet’s disease, medications 
(OCP, penicillins, sulfonamides), and hematologic malig-
nancy [ 64 ,  66 ,  67 ]. 

 EN is more frequently associated with colonic CD 
(6–15 %) [ 6 ,  7 ,  10 ] compared to UC (2–9 %) [ 6 ,  10 ,  68 ] and 
two- to fi vefold more common in women [ 10 ,  65 ]. Clinical 
fi ndings of EN are increased in patients with type I periph-
eral arthritis. A polymorphism at the −1031C position in the 
 TNFA  promoter region associates with manifestations of EN 
and correlates with increase TNFa production, which may 
underlie the genetic susceptibility [ 65 ]. 

 Treatment for EN is largely supportive given that the 
manifestations are generally self-limiting. In a cohort of 39 
patients with EN, the maximum duration was 12 weeks; 
however, 1/5 had recurrence of symptoms [ 65 ]. The focus of 
treatment is on intestinal symptoms. In a prospective study 
of 792 IBD patients, 48 patients with EN responded to 
 medical therapy of IBD [ 8 ]. Supportive management should 
also include leg elevation, support stockings, and rest. 
Acetylsalicylic acid (650 mg QID) and NSAIDs including 
naproxen [ 69 ] and indomethacin (25 mg QID) [ 70 ] have 
been used for controlling symptoms, but NSAIDs should be 
minimized given the risk of exacerbating underlying intesti-
nal disease. Preferred analgesics include acetaminophen and 
low-dose opiates when needed. Potassium iodide has been 
used in small, uncontrolled cohorts of patients with EN at 
doses of 400 mg to 900 mg daily [ 71 ,  72 ]. These trials 
showed dramatic results within 2 weeks of initiating potas-
sium iodide; however, larger controlled trials are lacking. 
A case report of a CD patient with recurrent EN despite ste-
roids and immunomodulator therapy reports resolution to 
1,500 mg daily of potassium iodide [ 73 ]. This report, how-
ever   , was prior to the availability of anti-TNFα biologics, and 
the degree of intestinal remission was not assessed 

 endoscopically. Of note, potassium iodide is contraindicated 
during pregnancy as excess iodine may cause goiter in the 
developing fetus [ 74 ]. Finally, successful case reports of the 
management of IBD-associated EN with 5 mg/kg of infl ix-
imab have been reported in the pediatric literature [ 75 ]. 
However, the improvement of EN may simply refl ect the 
superiority of combined therapy in achieving mucosal heal-
ing and deep remission.  

    Oral Lesions 

 Aphthous stomatitis or ulcers appear as shallow round ulcers 
with an erythematous halo base [ 64 ]. Aphthae may also be 
associated with several immune disorders including HIV/
AIDS, Behcet’s, Reiter’s, and celiac disease. Infectious eti-
ologies including HSV may need to be excluded. Aphthous 
stomatitis is common in both UC and CD (10 % CD, 4 % 
UC) [ 9 ]. Oral ulceration has also been described as a side 
effect of methotrexate used to treat IBD [ 76 ]. 

 Similar to EN, aphthous stomatitis generally parallels 
intestinal disease activity. As such, therapy is directed at 
controlling underlying bowel infl ammation and providing 
analgesia. Topical anesthetic including 2 % viscous lido-
caine or benzocaine lozenge is routinely used [ 77 ]. 
Sucralfate suspension may be used to coat the lesion and 
provide topical analgesia [ 78 ]. Intralesional injection of tri-
amcinolone (10 mg/mL given 0.1–0.5 mL per lesion) is rec-
ommended only for painful deep aphthae [ 77 ]. Recurrent 
aphthous stomatitis may require systemic immune modulat-
ing therapy. An open-label trial of colchicine at 1–2 mg/day 
showed a 63 % improvement at 3 months [ 79 ]. Similar suc-
cess was seen with pentoxifylline, but placebo-controlled 
trials reported only a modest benefi t in pain- and ulcer-free 
days [ 80 ]. Prednisone may be used (10–30 mg/day) during 
an attack and is safe during pregnancy. Azathioprine 
(1–2 mg/kg/day) and infl iximab are effective in placebo-
controlled trials [ 81 ]; but similar to the response of EN, this 
may refl ect better control of intestinal disease. Thalidomide 
is useful in the management of aphthous stomatitis in HIV 
patients [ 82 ] and in our experience is similarly effective for 
patients with IBD.  

    Pyoderma Gangrenosum 

 Pyoderma gangrenosum (PG) is a noninfectious, neutro-
philic dermatosis occurring frequently on the legs, but may 
appear on the extremities, torso, or face. Numerous cases of 
perianal or peristomal PG have been described. Often 
patients will report a recent trauma or inciting injury at the 
site. The differential diagnosis is broad including infec-
tious and noninfectious ulcerative lesions. There are no 
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pathognomonic features of PG in laboratory evaluation, and 
biopsy is avoided to prevent further tissue damage when clini-
cal exam is suffi cient to make the diagnosis. When biopsy is 
performed, the characteristic histology of ulcerative PG 
reveals a neutrophilic infi ltrate surrounding central ulceration 
with a lymphocytic infi ltrate at the periphery [ 64 ]. PG may 
occur as ulcerative, pustular, bullous, or vegetative. Pustular 
and ulcerative PG are most common in IBD, whereas bullous 
PG is associated with myeloproliferative disorders [ 83 ]. 
Although cultures may be sent to exclude secondary infec-
tion, wound culture is generally of minimal benefi t. Surgical 
debridement should be avoided to prevent extension and fur-
ther tissue damage, although some centers with expertise 
have reported success with Epidex grafting [ 84 ]. 

 The association between UC and PG was promoted by 
several case series. The initial description of ulcerative PG 
included four out of fi ve patients with UC [ 85 ]. Although 
this association was emphasized early, subsequent reports 
estimate about 1/3 of patients with ulcerative PG have IBD 
[ 86 ]. While some reports revealed a higher incidence of PG 
in CD [ 10 ], PG is generally found to be more commonly 
associated with UC compared to CD at a frequency of about 
3 % in recent population-based studies [ 9 ,  34 ]. PG occurs 
equally in men and women [ 34 ,  83 ]. 

 Controversy exists as to whether PG parallels or is 
 independent of intestinal disease activity. Traditionally, PG 
is felt to occur independently of bowel activity [ 87 ]. 
Supporting this assertion is the description of patients with 
PG following total proctocolectomy [ 88 ]; however, it is 
unclear from these studies if a cuff of colonic tissue remained 
postoperatively. More recent studies report active intestinal 
symptoms in 70–80 % of UC patients with PG [ 34 ,  68 ]. This 
discrepancy may be explained by the fact that PG may pre-
cede intestinal activity [ 89 ]. 

 Therapy for PG includes local wound management and 
systemic immunomodulatory therapy. Supportive care 
including leg elevation and occlusive wound dressing is rec-
ommended to minimize secondary infections [ 90 ]. 
Analgesics are recommended for symptomatic relief. 
Although controlled trials are lacking given the low inci-
dence of PG, steroids are generally considered the treatment 
of choice based on case series data. Prednisone (1–2 mg/kg/
day) for several weeks and pulse therapy with methylpred-
nisolone (1 g IV/day) for 3 days are reported to achieve good 
clinical response [ 91 ]. Retrospective analysis of 86 patients 
revealed that 80 % required systemic therapy with steroids 
[ 92 ]. The average time to skin resolution was 6 months with 
average 13 months until discontinuation of prednisone. 
5.8 % of patients in this series had refractory disease. 

 Given the frequency of relapse and risk associated with 
prolonged steroid exposure, the role of anti-TNFα biologics 
in the management of PG is evolving particularly in IBD- 
associated PG. Open-label experience with infl iximab for 

CD revealed that it allowed skin healing and steroid  reduction 
[ 93 ]. The largest randomized placebo-controlled trial of 30 
patients (19 with IBD) showed 69 % response and 21 % 
remission at 6 weeks [ 94 ]. Alternate steroid-sparing thera-
pies may similarly be effi cacious in steroid-refractory PG. 
A retrospective review of 11 IBD patients with steroid- 
refractory PG (5 of which had UC) treated with 4 mg/kg/day 
of IV cyclosporine for 7–22 days followed by oral cyclospo-
rine 4–7 mg/kg/day (then transitioned to azathioprine or 
6-MP) revealed the effi cacy of cyclosporine [ 95 ]. Only one 
patient who could not tolerate 6-MP had a recurrence of 
PG. Other case reports have noted the effi cacy of IV cyclo-
sporine with methylprednisolone pulse therapy [ 96 ]. In addi-
tion to cyclosporine, there are case reports of thalidomide 
[ 97 ], methotrexate [ 98 ], tacrolimus [ 99 ,  100 ], dapsone [ 101 ], 
cyclophosphamide [ 102 ], and colchicine [ 103 ], but larger 
studies are required to determine the role of these medicines 
in routine therapy. 

 Topical therapy may be appropriate in situations of limited 
or mild disease that is not associated with bowel activity. 
Numerous case reports of topical therapy have been described: 
nitrogen mustard [ 104 ], aqueous benzoyl peroxide [ 105 ], 
sodium cromoglycate [ 106 ], and intralesional injection of tri-
amcinolone [ 107 ]. Topical aminosalicylates may provide 
local improvement, but frequently systemic therapy is 
required to control deteriorating intestinal symptoms [ 108 ].   

    Ocular Manifestations 

 Ocular manifestations are commonly associated with IBD 
and frequently occur with other EIMs.   Larger retrospective 
and population-based studies have reported frequencies of 
1–4 % [ 6 ,  9 ,  10 ,  34 ], but these numbers may signifi cantly 
underestimate clinically silent ophthalmologic involvement 
[ 109 ]. Classic ophthalmologic EIMs include episcleritis, 
scleritis, and uveitis; however, case reports of optic neuritis 
[ 110 ] and retinal vasculitis [ 109 ] have been described. 
Steroid-induced cataract should also be considered in 
patients with a history of signifi cant steroid use. The major-
ity of the data for medical management is drawn from a lim-
ited set of case series, the majority of which are non-IBD 
associated [ 111 ]. 

 Episcleritis is the most frequent ocular manifestation of 
IBD. It is often painful, but there is no associated vision loss, 
photophobia, or papillary abnormality. Ocular exam reveals 
focal or patchy redness with intervening white patches of 
sclera with dilated episcleral vessels, often in the interpalpe-
bral zone [ 112 ]. Episcleritis is often associated with bowel 
infl ammation, and treatment is focused on controlling intes-
tinal fl are. Cold compresses and steroid eyedrops (fl uoro-
metholone acetate 0.1 % or prednisolone acetate 1 %) are 
frequently used for symptom management [ 111 ]. 
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 In contrast to episcleritis, scleritis features edema and 
 cellular infi ltration of the entire thickness of the sclera. Disease 
severity ranges from self-limited episodes to necrotizing dis-
ease that may threaten vision. Visual disturbances should 
prompt urgent evaluation by an ophthalmologist. Scleritis is 
often accompanied by signifi cant dull pain and tenderness to 
palpation. Ocular exam reveals patchy redness with a viola-
ceous intervening [ 112 ]. Similar to episcleritis, scleritis gener-
ally parallels intestinal activity, and primary treatment should 
be geared towards controlling intestinal symptoms; however, 
in contrast to episcleritis, 60 % of patients with scleritis had 
complications including 16 % with permanent visual impair-
ment. NSAIDs such as indomethacin are effective in uncom-
plicated scleritis (particularly anterior nodular scleritis), but 
should be avoided in patients with active IBD. Given the risk 
of permanent visual impairment with recurrent scleritis, the 
majority of patients will require systemic medication. 
Prednisone 1 mg/kg/day is recommended for refractory ante-
rior scleritis, necrotizing scleritis, or posterior scleritis. The 
dose is generally tapered 1 month after symptom resolution. 
Immunomodulatory therapy including cyclosporine, metho-
trexate, or alkylating agents may be used in steroid-refractory 
or necrotizing scleritis [ 113 ,  114 ]. There is an emerging litera-
ture on the effi cacy of biologic therapy, particularly infl ix-
imab, in the treatment of refractory scleritis particularly in 
patients with underlying IBD. 

 Uveitis is infl ammation of the vascular lining of the eye. 
Anterior uveitis involves the iris and the ciliary body, while 
posterior uveitis involves the vitreous choroid and retina. 
Anterior uveitis (or iridocyclitis) is more frequently associ-
ated with CD, but occurs in 2–5 % of UC [ 9 ,  10 ,  34 ,  115 ]. 
Anterior uveitis in the context of IBD is frequently associ-
ated with arthritis or EN, while posterior infl ammation is 
rarely associated with IBD. Uveitis presents clinically with 
pain, visual blurring, and photophobia. Ocular exam reveals 
a miotic pupil and a “ciliary fl ush” or intense erythema jux-
taposed to the iris. Slit lamp exam reveals anterior chamber 
fl are, corneal edema, and conjunctival injection. Visual loss 
may suggest posterior involvement or retinitis. The etio-
pathogenesis of uveitis is unclear, but genetic association 
with HLA-B27, B58, and HLA-DRB1*0103 [ 65 ] suggests 
an immune-mediated component which may be directed at 
overlapping antigens expressed in both colonic tissue and 
the eye [ 116 ]. 

 In contrast to episcleritis and scleritis, uveitis does not 
generally parallel intestinal activity. Prompt treatment with 
topical and/or systemic therapy is required to prevent com-
plications, such as glaucoma, cataract, and synechiae (adhe-
sions of the iris to other ocular structures). Topical treatment 
with glucocorticoids (1 % prednisolone acetate) is primary 
therapy. Dilating agents such as scopolamine, cyclopentolate, 
or homatropine may be helpful to relieve pain due to spasm of 
the ciliary muscle and to prevent synechiae formation. 

Systemic treatment may be necessary in cases of  refractory 
disease, bilateral involvement, or patients unable to tolerate 
steroid eyedrops. Prednisone 40–60 mg daily tapering to 
lowest dose to sustain remission is considered fi rst- line 
t herapy. Only anecdotal reports support the use of steroid-
sparing agents such as methotrexate, cyclosporine, and 
 azathioprine in refractory cases [ 117 ]. 

 Anti-TNFα biologics are emerging as second-line therapy 
for uveitis associated with IBD; however, the data supporting 
these recommendations are largely extrapolated from 
Behcet’s patients with refractory uveitis. Conventional inf-
liximab therapy resulted in better visual acuity, reducing the 
number and duration of relapses of uveitis [ 118 ]. Adalimumab 
is similarly effective in patients intolerant of infl iximab 
[ 119 ]. Case reports describe the effi cacy of infl iximab for 
recurrent uveitis in patients with CD [ 120 ,  121 ], but further 
studies are needed to assess the effi cacy of anti-TNFα in 
treatment of UC-associated uveitis.  

    Hepatobiliary Manifestations 

 IBD is associated with numerous hepatobiliary manifesta-
tions that are either related to underlying infl ammatory dis-
ease or medication induced. Primary sclerosing cholangitis 
(PSC) is frequently associated with underlying UC, but the 
etiopathogenesis remains unclear. Portal vein thrombosis 
can also be associated with infl ammatory-mediated hyperco-
agulability. Cholelithiasis is frequent, particularly in ileal 
CD, given the interruption of bile salt absorption. Thiopurines, 
azathioprine, and less commonly mesalamine can cause 
medication-induced pancreatitis, while thiopurines, metho-
trexate, sulfasalazine, cyclosporine, and biologic agents can 
cause hepatotoxicity. Given the array of manifestations, 
abnormal liver function test or evidence of cholestasis should 
prompt evaluation in the patient with UC. 

    Primary Sclerosing Cholangitis 

 PSC is a chronic cholestatic liver disease caused by periduc-
tal infl ammation, fi brosis, and stricturing of medium and 
large intra- and extrahepatic bile ducts. Progression of dis-
ease can lead to malabsorption, cirrhosis, and portal hyper-
tension. Defi nitive therapy is liver transplantation [ 122 ], but 
diagnosis is crucial for effective medical management of 
symptoms. The majority of PSC cases occur in the context of 
IBD [ 123 ,  124 ]; however, the chronic periductal infl amma-
tion does not generally parallel intestinal activity in IBD 
patients. Furthermore, total proctocolectomy does not affect 
the natural history of PSC [ 125 ]. 

 On a population level, the prevalence of primary 
sclerosing cholangitis ranges from 2 to 7 % [ 9 ,  10 ,  126 ]. 
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UC is more common than CD in patients with PSC, and PSC 
is rarely seen with isolated small bowel CD [ 6 ]. The majority 
of UC patients with PSC are men, while the non-IBD PSC 
individuals are predominantly women [ 10 ]. Although north-
ern European-based cohorts report 62–83 % association with 
IBD [ 123 ], reports from southern Europe [ 127 ,  128 ] and 
Japan [ 129 ] suggest a lower incidence and association with 
IBD. Diagnosis of PSC in the context of UC defi nes a unique 
disease phenotype with high risk for colorectal cancer (OR 
6.9 compared to well-controlled UC) [ 130 ]. As such, annual 
screening colonoscopy for UC patients with PSC is recom-
mended starting at the time of diagnosis. Patients with PSC 
are similarly at increased risk for cholangiocarcinoma. 
Although no studies show outcomes benefi t [ 131 ], 2010 
guidelines from the AASLD recommend annual screening 
ultrasound [ 132 ]. 

 The pathogenesis of PSC remains unknown. Pathologic 
evidence reveals that the infl ammation associated with PSC 
liver disease is T cell mediated. T cell-mediated immune 
pathogenesis is supported by the strong HLA association. 
Major histocompatibility complex I HLA-B7 [ 133 ] and B8 
[ 134 ,  135 ], as well as MHCII HLA-DR3 and DQ2, have been 
associated with PSC [ 136 ]. HLA-DR4 and DQ8 are associ-
ated with progression to cholangiocarcinoma. Molecular 
mimicry may drive T cell activation by shared epitopes on 
colonic and biliary epithelium [ 137 ], but antigenic peptides 
driving the T cell response in PSC need to be defi ned. 

 The clinical association with large bowel disease suggests 
the importance of dysregulated interaction of colonic bacteria 
with the intestine. Portal bacteremia in patients with UC may 
drive this systemic reaction [ 138 ]. Early investigation in rats 
revealed that bacterial overgrowth resulted in hepatic infl am-
mation with histologic characteristics similar to PSC. Clinical 
use of metronidazole in patients with PSC (of which 80 % 
had UC) resulted in a reduction in alkaline phosphatase and 
PSC Mayo risk score, but histologic parameters were not sta-
tistically improved [ 139 ]. Data from the pediatric literature 
[ 140 ] shows that patients treated with oral vancomycin have 
improvement in liver chemistry, ESR, and clinical symptoms, 
particularly in patients without cirrhosis. Further work is 
required to identify a microbial causative agent, diagnostic 
criteria for microbial-driven PSC, and antimicrobial treat-
ment regimens to alter the natural history of the disease. 

 Liver chemistry abnormalities or clinical symptoms 
should prompt evaluation in any patient with IBD. Serologic 
and virologic evaluation as well as ultrasound should be per-
formed to rule out common causes of hepatocellular or infi l-
trative diseases. MRCP is the diagnostic test of choice with 
specifi city of 94 % and sensitivity of 86 % [ 141 ]. Clinical or 
laboratory evidence of obstructive physiology should prompt 
ERCP for dilation and brushings of stricture. Liver biopsy 
may be performed if an ERCP is equivocal or to exclude 
overlap syndrome. ANA and p-ANCA are frequently seen 
in patients with PSC [ 142 ] and may be helpful in guiding 

 diagnosis in cases of clinical suspicion. In addition, IgG4 
levels should be checked to exclude IgG4-associated scleros-
ing cholangitis. 

 Although liver transplantation is the only curative ther-
apy, medical management is important for preventing chole-
static complications and progression of underlying liver 
disease. Based on the effi cacy of ursodeoxycholic acid 
(UDCA) in primary biliary cirrhosis [ 143 ], UDCA was eval-
uated in the treatment of PSC. Randomized controlled trials 
of patients with PSC treated with 13–15 mg/kg showed 
improvement in laboratory values, but no change in the pri-
mary endpoint defi ned as death, liver transplantation, histo-
logic progression, or complications of portal hypertension 
(i.e., varices, ascites, encephalopathy) [ 144 ]. Initial studies 
with high-dose (20–30 mg/kg) UDCA suggested improved 
4-year survival [ 145 ,  146 ], but subsequent larger randomized 
controlled trial of 28–30 mg/kg was halted prematurely 
because interim analysis suggested an increased likelihood 
to reach the primary endpoint of death, need for liver trans-
plant, or development of varices [ 147 ]. As such, the 2010 
AASLD guidelines recommend against the use of UDCA for 
the treatment of PSC [ 132 ]. 

 Adding complexity to the management algorithm is the 
reported benefi cial role for UDCA in preventing 
 IBD- associated colorectal cancer (CRC). Initial data from a 
cross- sectional study of 59 patients found a lower frequency 
of colonic dysplasia in patients with UC and PSC taking 
ursodiol (mean 9 mg/kg, duration 3.5 years) [ 148 ]. Post hoc 
analysis of the PSC-UCDA study [ 144 ] supported these con-
clusions, revealing a relative risk of 0.26 of colonic dysplasia 
in patients taking ursodiol [ 149 ]. Furthermore, a historical 
cohort of 105 patients shows a trend in reduction of dysplasia 
and a statistically signifi cant benefi t in overall survival, about 
half of which was due to colonic malignancy [ 150 ]. More 
recent data, however, has called into question the effi cacy of 
UDCA in CRC prevention. Post hoc analysis of high-dose 
UDCA (28–30 mg/kg) described above showed an increased 
risk of IBD-associated dysplasia [ 151 ]. Recent metanalysis 
of eight trials of UCDA in PSC has suggested [ 152 ] that no 
benefi cial effect on mortality or liver complications could be 
shown, but none of the trials were of low risk of bias. 
As such, there is insuffi cient data to recommend the use of 
UDCA for either chemoprophylaxis or preventing choles-
tatic complications. Newer bile acids are currently under 
development. 24- nor -ursodeoxycholic acid (norUDCA) has 
a side-chain modifi cation of UDCA that confers relative 
resistance to amidation. This pharmacologic property may 
account for increased cholehepatic shunting and bicarbon-
ate-rich hypercholeresis that protects from cholestatic injury 
in mouse models of PSC [ 153 ]. 

 While a variety of immunosuppressive and anti- 
infl ammatory agents have been tried, none have shown a 
consistent benefi t in overall or transplant-free survival to 
support medical therapy. Steroids have been largely avoided 
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given multiple side effects particularly in the PSC population 
prone to metabolic bone disease. A small study    of 21 patients 
with PSC found no effect of 9 mg/day of budesonide on his-
tologic progression of liver disease, but a marked loss of 
bone density at the femoral neck and lumbar spine was seen 
[ 154 ]. Treatment with methotrexate and FK506 revealed an 
improvement in liver enzymes, but no survival effect was 
seen [ 155 ,  156 ]. Similarly, colchicine, penicillamine, and 
pirfenidone have shown little value [ 157 – 160 ]. Case reports 
of  N -acetylcysteine as a mucolytic may improve liver chem-
istries, but further studies are required to determine the effect 
on outcomes [ 161 ]. Angiotensin II receptor blocker candes-
artan and propranolol have antifi brotic effects in animal 
models of cholestatic liver disease [ 162 ], but further studies 
are needed to evaluate the clinical effi cacy of these therapeu-
tic strategies for PSC. 

 Although PSC is generally asymptomatic, there are some 
important metabolic manifestations that require evaluation 
and medical management. A decreased secretion of conju-
gated bile acids may manifest as malabsorption of fat- soluble 
vitamins. Vitamin A defi ciency is most common. PSC 
patients should be screened for fat-soluble vitamin defi -
ciency and repleted as needed. In addition to vitamin D 
 defi ciency, metabolic bone disease, with a predisposition to 
osteoporosis, bone pain, and fractures, is increased in patients 
with PSC. A recent retrospective analysis of 237 patients 
with PSC found a prevalence of 15 % of osteoporosis at the 
time of diagnosis [ 163 ]. Thirty-nine percent of these patients 
were vitamin D defi cient compared to 21 % of the non- 
osteoporotic patients. Multivariate analysis revealed age >54 
(OR 7.8), BMI < =24 (OR 4.9), and duration of IBD > =19 
years (OR 3.6) as independent predictors that can be used to 
identify patients at risk. As such, bone mineral density 
should be evaluated at the time of diagnosis. Based on 
AASLD guidelines, repeat evaluation every 2–3 years is 
appropriate for PSC patients; however, surveillance may 
need to be intensifi ed in patients with increased clinical risk 
factors. Interestingly, cumulative corticosteroid dose does 
not predict risk for osteoporosis; however, given the risk for 
osteoporosis, steroids should be avoided in IBD patients with 
PSC. Controlled trials for medical osteoporosis therapy in 
PSC patients have not been reported, but bisphosphonates 
are well tolerated and effective in the setting of cholestatic 
liver disease [ 164 ] and should be considered for PSC with 
osteoporosis.   

    Hematologic Manifestations 

    Anemia 

 Anemia is common in IBD. Guidelines suggest monitoring 
hemoglobin every 6 months for patients in remission and 
every 3 months for patients with active disease [ 165 ]. 

Iron defi ciency and anemia of chronic disease are the most 
 common causes of anemia in patients with UC. In addition, 
vitamin B12 and folate defi ciencies are not infrequent causes 
of anemia, and drug-induced myelosuppression should also 
be considered in patients taking sulfasalazine or thiopurines. 
Autoimmune hemolytic anemias and myelodysplastic syn-
dromes are much less frequent. Laboratory evaluation of iron 
saturation and ferritin will help to distinguish iron defi ciency 
from anemia of chronic disease. In the absence of suffi cient 
iron stores, serum ferritin is generally <30 μg/L; however, 
active infl ammation may raise the serum ferritin in iron- 
defi cient patients. Thus, a serum ferritin <100 μg/L and an 
iron saturation <16 % in anemic patients support the diagno-
sis of iron defi ciency [ 165 ]. 

 Iron defi ciency anemia in UC should be treated with iron 
repletion. Open-label randomized trial suggests iron sucrose 
(7 mg/kg followed by 200 mg at 1–2-week intervals) was 
associated with less GI intolerance and quicker recovery of 
iron stores [ 166 ]. Although the short-term effi cacy and over-
all tolerability are likely the same, intravenous repletion is 
favored in patients with intolerance to oral iron, severe ane-
mia (<10), or inappropriate response to oral iron repletion. 
Furthermore, there is a theoretical concern that the release of 
reactive oxygen species (via Fenton reaction) will aggravate 
intestinal infl ammation. Although previous formulations of 
intravenous iron with dextran were associated with anaphy-
laxis, the risk with iron sucrose and iron gluconate is mini-
mal. These formulations, however, deliver signifi cantly less 
total iron per injection. Newer formulations such as ferric 
carboxymaltose may allow larger iron delivery in a single 
injection, thereby decreasing the number of injections 
needed and the overall cost [ 167 ]. In mild cases of anemia 
particularly in patients in remission who prefer the conve-
nience of self-administering, oral repletion may be appropri-
ate. The maximal intestinal absorption is 10–20 mg of 
elemental iron/day, which is provided by low-dose 
100–200 mg iron sulfate, but the optimal oral dosing has not 
been defi ned. Response to treatment is assessed by hemoglo-
bin and transferrin saturation; ferritin may less accurately 
refl ect iron stores during repletion. The appropriate erythro-
poietic response to adequate iron repletion is an increase of 
2 g/dL by 4 weeks. 

 In contrast to iron defi ciency, the treatment of anemia of 
chronic disease is aimed at controlling the underlying dis-
ease. Cytokine activation or sequestration of iron in the retic-
uloendothelial system may contribute to the underlying 
pathogenic mechanisms. In patients with anemia <10 mg/dL 
and refractory to 4 weeks of iron repletion, erythropoietin 
may be considered to increase hemoglobin levels [ 168 ]. 
However, improved control of disease with anti-TNFα ther-
apy will increase erythropoietin production and improve 
anemia [ 169 ]. 

 Autoimmune hemolytic anemia (AIHA) occurs in 1–2 % 
of patients with IBD [ 170 ]. The underlying pathogenic 

35 Medical Management of Extraintestinal Manifestations of Ulcerative Colitis



386

mechanism is driven by red cell autoantibodies produced by 
colonic mononuclear cells [ 171 ]. In general, AIHA parallels 
intestinal disease activity, and treatment is aimed at control-
ling disease symptoms. Standard medical management is 
high-dose corticosteroids, with or without cyclophospha-
mide or azathioprine; if unsuccessful splenectomy is indi-
cated [ 172 ]. Colectomy has been indicated as a treatment 
modality in refractory cases, but case report described 
UC-associated AIHA following colectomy [ 173 ]. Refractory 
cases of UC-associated AIHA have been managed with 
cyclosporine [ 174 ], infl iximab [ 175 ], and autologous stem 
cell transplant [ 176 ].   

    Thrombotic Complications 

 IBD is associated with a hypercoagulable state. Both acute 
and chronic infl ammation can increase procoagulants (fi brin-
ogen, factors V, VIII, IX) and decrease anticoagulants (pro-
teins C, S, antithrombin III). Decreased fi brinolysis and 
enhanced platelet aggregation may also contribute. In addi-
tion to infl ammatory-mediated hypercoagulability, IBD 
patients are often postsurgical and immobile and have 
increased risk for malignancy. These factors lead to a three-
fold increased risk in venous thromboembolism (VTE) in 
population studies of patients with IBD [ 177 ]. Thrombotic 
complications most frequently include DVT and PE, but 
cerebral sinovenous, portal, and mesenteric thrombosis have 
been described. A large cohort-controlled trial revealed an 
even higher, 8.4-fold increase of VTE risk in IBD patients 
within 120 days of a recent fl are of intestinal symptoms 
requiring steroids [ 178 ]. While colonic involvement is asso-
ciated with VTE, retrospective analysis revealed that 25 % 
occurred after colectomy, and moreover, colectomy did not 
prevent VTE recurrence [ 179 ]. 

 The management of VTE complications in IBD is similar 
to the management of complications in non-IBD patients. 
Heparin is more effective and practical in the short term or 
during active disease, but transition to warfarin may be 
appropriate in stable disease. Of note, thiopurine-based ther-
apy may mediate warfarin resistance [ 180 ]. Anticoagulation 
should be continued for 3–6 months followed by complete 
evaluation for underlying thrombophilia. IVC fi lter should 
be considered for patients with contraindications to antico-
agulation. In the case of life-threatening thromboembolic 
complications, catheter-directed thrombolysis may be appro-
priate in patients with lower bleeding risk [ 181 ]. 

 Isolated VTE in the setting of trauma or surgery does not 
generally require long-term anticoagulation, but the risk of 
recurrent VTE in IBD patients is not known. A recent retro-
spective analysis revealed almost 30 % recurrence at 5 years 
for IBD with unprovoked VTE [ 182 ]. Further prospective 
studies, as well as an assessment of long-term anticoagula-

tion  bleeding risks, will be required to determine appropriate 
long- term secondary prophylaxis. Primary prevention stud-
ies of high-risk patients, including some patients with IBD, 
have shown a nearly 50 % reduction in the risk of VTE [ 183 ]. 
Moreover, given the 8.4-fold increased risk of VTE in hospi-
talized patients with IBD fl are, primary prophylaxis with 
LMWH or compression stockings should be considered in 
hospitalized IBD patients. 

 Arterial thrombotic complications have also been associ-
ated with IBD. Two population studies have revealed 
increased incidence in ischemic heart disease [ 184 ,  185 ]. 
Interestingly, traditional risk factors for coronary artery dis-
ease, including BMI, chronic kidney disease, dyslipidemia, 
smoking, gender, and family history, did not explain 
increased risk suggesting that alternative surrogates are 
required for infl ammatory-mediated CAD. In patients with 
traditional risk factors and stable disease, primary prophy-
laxis with aspirin may be indicated, but further studies are 
needed to identify those at risk and assess the benefi t of pri-
mary prophylaxis.  

    Pulmonary Manifestations 

 Although clinically severe pulmonary manifestations are 
rare, bronchopulmonary symptoms with no other etiology 
have been attributed to extraintestinal manifestations of IBD 
[ 186 ]. Pulmonary manifestations include airway disease, 
interstitial lung disease, and neutrophilic necrotic nodules 
mimicking Wegener’s granulomatosis [ 187 ]. Although the 
incidence of clinically signifi cant pulmonary disease is 
unclear, emerging data suggest that almost half of UC 
patients have abnormal PFTs (most commonly a decreased 
FEV1 and abnormal DLCO) [ 188 ,  189 ]. Impairment in 
DLCO correlates with histopathologic grade of intestinal 
activity [ 190 ] suggesting a shared infl ammatory mechanism 
between embryologically related colonic and respiratory epi-
thelia. Further supporting this infl ammatory link, alveolar 
lymphocytosis correlates with disease activity and impair-
ment in PFTs [ 191 ], but the cellular mechanism and underly-
ing genetic susceptibility remain obscure. 

 Although 25–48 % of patients present with symptoms of 
pulmonary manifestations including pleuritic chest pain, 
cough, and dyspnea [ 115 ,  192 ], further clinical and labora-
tory evaluation can clarify the diagnosis. Current or previous 
exposure to anti-TNFα biologics should precipitate evalua-
tion for tuberculosis. Both sulfasalazine [ 193 ] and mesala-
mine [ 194 ] can rarely induce interstitial lung disease that 
resolves with discontinuation of the medication. Laboratory 
evaluation for c-ANCA and ACE level may be helpful to 
evaluate for concurrent Wegener’s granulomatosis or sar-
coidosis, respectively; however, c-ANCA  +  IBD-associated 
pulmonary manifestations have been described [ 195 ]. 
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 High- resolution CT scan can be effectively used to identify 
peribronchial thickening associated with airway disease 
underlying abnormal PFTs [ 196 ]. There are no prospective 
trials to provide guidance for managing UC-associated pul-
monary manifestations. However, since disease may prog-
ress independently of intestinal activity, early diagnosis and 
management are prudent. IBD-associated large airway dis-
ease can be managed with inhaled steroids (high-dose beclo-
methasone and budesonide). In contrast, small airway disease 
is generally less responsive to inhaled steroids and variably 
responsive to oral steroids. Interstitial lung disease responds 
favorably to oral steroids. There are no data to suggest that 
colectomy or control of intestinal symptoms with biologics 
improves pulmonary disease.  

    Conclusions 

 Extraintestinal manifestations provide clinical reminders of 
the systemic nature of immune dysregulation in association 
with IBD. Medical management of these manifestations plays 
a crucial role in the overall care of patients with IBD. The 
etiology of the immune dysregulation stems from both genetic 
and environmental/microbial exposure. A more complete 
understanding of the immune pathogenesis offers the promise 
of molecular-based diagnoses and targeted therapeutic strate-
gies to improve the clinical management of IBD.     
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        Introduction 

 The management of ulcerative colitis (UC) begins with 
 accurately establishing the patient’s diagnosis. In patients 
with established UC, relapses of symptoms can be due to the 
development of an additional gastrointestinal illness that 
mimics UC. Many other disease processes can mimic 
UC. Infectious colitides such as  Clostridia diffi cile , hemor-
rhagic  E. coli, Campylobacter, Aeromonas, and Salmonellosis  
can often present as severe ulcerative colitis. Other infec-
tious pathogens which also need to be included in the dif-
ferential diagnoses include  Amebiasis, Shigellosis, 
Cytomegalovirus, and Rotavirus . Infl ammatory diseases of 
the colon which can present as UC include Crohn’s disease, 
ischemic colitis, radiation colitis, eosinophilic colitis, 
colorectal cancer, irritable bowel syndrome, and allergic 
reactions to medications such as mesalamine products, 
NSAIDS, and antibiotics. After the differential diagnosis of 
UC has been evaluated and other etiologies have been 
excluded, appropriate therapy can be started.  

    Infectious Colitides in Patients 
with Ulcerative Colitis 

 The clinical presentations of acute infectious colitis and UC 
are indistinguishable and can pose a signifi cant diagnostic 
challenge to the clinician. Most bacterial infections of the 
gastrointestinal tract result in acute self-limited diarrhea, but 
others can cause persistent infections, resulting in mucosal 
invasion with infl ammation and/or ulceration and typically 
causing bloody diarrhea. The most common invasive bacte-
rial pathogens in the developed world are  Campylobacter, 
Shigella, Salmonella, and Shiga  toxin-producing  E. coli 
(STEC) , including  E. coli  0157:H7. Invasive organisms such 
as  Campylobacter jejuni and Shigella  penetrate the mucosa, 
spread within the epithelial cells, and cause erosions and 
mucosal abscesses similar to those seen with UC. Symptoms 
from both UC and infectious colitides include severe diar-
rhea with abdominal cramping and systemic symptoms of 
fever, chills, malaise, and myalgias. Patients with established 
UC often display a relapsing, progressive, and remitting 
course [ 1 ]. Those patients who persistently exhibit UC 
symptoms despite appropriate therapy and also those patients 
whose symptoms recur after a good response to treatment 
must be carefully evaluated for other causes of their symp-
toms. Having UC does not protect a patient from contracting 
an infectious diarrheal illness, particularly when so many of 
our UC patients travel or are intermittently treated with anti-
biotics. This is particularly important in light of the marked 
overlap in symptoms between UC and infectious intestinal 
pathologies. Furthermore, UC complicated with unrecog-
nized coexisting infection can lead to signifi cant  pathological 
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consequences such as toxic megacolon [ 2 ]. The differential 
diagnosis should include, but may not be limited to, the follow-
ing infectious agents:  Clostridium diffi cile ,  Campylobacter , 
 E. coli 015:H7, Salmonella, Shigella , Amebiasis, and CMV. 

     Clostridium diffi cile  Colitis 

 Superinfection of the colon with  C. diffi cile  is often associ-
ated with the use of antibiotics resulting in the suppression 
of normal microfl ora with the concomitant explosive over-
growth of  C. diffi cile.  Pseudomembranous colitis, a life- 
threatening complication of  C. diffi cile , is a signifi cant risk 
with immunocompromised patients in health-care settings. 
The incidence, severity, mortality, and recurrence of  C. 
 diffi cile  are increasing, especially in patients    [ 3 ,  4 ]. Increased 
risk factors for the development of  C. diffi cile  in IBD 
patients are age greater than 65 years, extended use of 
broad-spectrum antibiotics, longer periods of hospitaliza-
tion, systemic usage of steroids and/or immunosuppres-
sants, use of gastric acid-suppressing agents, and use of 
enemas [ 5 – 7 ]. 

 Over the last decade, the emergence of a quinolone- 
resistant highly virulent strain of  C. diffi cile , referred to as 
NAP1/BI/027, has accounted for the increased rates of  C. 
diffi cile  treatment failures with metronidazole. This strain, 
with high prevalence in North America and Northern Europe 
[ 8 ], carries a truncating mutation in the  tcdC  gene, a putative 
repressor of toxins A and B production, thus allowing the 
production of high levels of toxins A and B [ 9 ,  10 ]. 

 Recent epidemiological data indicate more cases of  C. 
diffi cile  in IBD patients than controls. Similarly, effective 
therapeutic resolution of  C. diffi cile  is reduced in patients 
who also have IBD [ 11 ,  12 ].  C. diffi cile  symptoms can mimic 
those of a fl are-up of UC, with watery or bloody diarrhea 
with or without fever, leukocytosis, and hypoalbuminemia. 
Patients with  C. diffi cile  can present with a wide spectrum of 
symptoms ranging from those of mild, self-limiting illness to 
those of severe pseudomembranous colitis with toxic mega-
colon. Mild to moderate  C. diffi cile  is defi ned as leukocytosis 
with WBCs <15,000/μl and a serum creatinine <1.5 times 
the baseline level. Severe  C. diffi cile  is defi ned as leukocyto-
sis with WBCs >25,000/μl and a serum creatinine level 1.5 
times greater than baseline. Complicated severe  C. diffi cile  is 
defi ned as the coexistence of hypotension, shock, ileus, or 
toxic megacolon. 

 Risk factors for increased rates of emergency colectomy, 
morbidity, and mortality in severe presentations of  C. diffi -
cile  in IBD are advanced age and moderate to severe left- 
sided UC or Crohn’s disease. With severe complicated  C. 
diffi cile , the clinician must consider emergency surgical 
intervention with a subtotal colectomy, particularly with 
patients who develop septic shock, toxic megacolon, and 
colonic perforation. 

 A defi nitive diagnosis of  C. diffi cile  is made when stool 
samples are positive for  C. diffi cile  toxins A and B by gluta-
mate dehydrogenase (GDH) EIA or PCR, the latter consid-
ered the most sensitive method of toxin detection. Likewise, 
a diagnosis of  C. diffi cile  can be made following colonos-
copy revealing pseudomembranous colitis. However, it is 
critical to note that in IBD patients with  C. diffi cile , pseudo-
membranes are absent in half of the patients on colonoscopy. 
Histological fi ndings may also establish the existence of a 
coexisting infection, such as CMV and HSV. 

 The initial therapy for  C. diffi cile  in patients with IBD is to 
discontinue, when possible, the use of broad-spectrum antibi-
otics and to treat with vancomycin. Metronidazole (Flagyl) 
should not be used in IBD patients with  C. diffi cile , due to the 
high resistant and recurrence rates. Oral vancomycin is cur-
rently the primary antibiotic recommended in IBD patients 
with severe initial or recurrent  C. diffi cile  or with posttreat-
ment recurrent infections. Up to 30 % of IBD patients will 
develop recurrent  C. diffi cile  and will require repeated treat-
ment. Patients with relapsing  C. diffi cile  may require tapered 
or pulse-chased oral vancomycin therapy [ 13 ]. 

 A recent phase III comparative trial, in normal patients 
without IBD or other underlying illnesses, by Louie [ 14 ] 
demonstrated that fi daxomicin (200 mg p.o. twice a day), a 
poorly absorbed, macrocyclic antibiotic, having a narrow 
antimicrobial spectrum, had similar effectiveness as vanco-
mycin against  C. diffi cile  (125 mg p.o. four times daily) yet 
achieved a 45 % reduction in recurrent  C. diffi cile . However, 
fi daxomicin has not yet been evaluated in IBD patients with 
 C. diffi cile  in a controlled fashion .  

 In addition to the use of antibiotics to treat patients with 
refractory or recurrent  C. diffi cile , the recent introduction of 
fecal microbial transplantation (FMT) has come to clinical 
practice as a treatment for the  C. diffi cile  [ 15 ,  16 ]. In patients 
without IBD, the overall success rate of FMT in recurrent 
infections is estimated to be 90 %. Preliminary results pre-
sented from the only placebo controlled trial to date to treat 
patients with active ulcerative colitis did not demonstrate ben-
efi t for FMT as primary treatment in patients with active 
ulcerative colitis (who did not have  C. diffi cile  infection) [ 17 ].   

    Invasive  Escherichia coli  

 Two  E. coli  strains characterized as enteroinvasive (EIEC) 
and enterohemorrhagic (EHEC) are signifi cant causes of 
infl ammation, invasion, and hemorrhagic enterocolitis. 
Infection with these organisms presents clinically as fever 
with watery and/or bloody diarrhea. Of the two strains, 
EHEC causes the more signifi cant pathology and will be the 
focus of the remainder of this section. 

 EHEC disease is caused by the production of enterotoxins 
variously referred to as verotoxins or  Shiga  toxins. Indeed, 
the immunobiological activity of these toxins is identical to 
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those produced by strains of  Shigella dysenteriae.  Infections 
with  E. coli  serotype  O157:H7 , a hypertoxigenic strain, typi-
cally begin as watery diarrhea that rapidly becomes bloody. 
The systemic response to  Shiga  toxin can lead to the devel-
opment of hemolytic uremic syndrome (HUS) and throm-
botic thrombocytopenic purpura (TTP) as  Shiga  toxin can 
circulate in the blood and bind to the renal tissue, causing 
glomerular swelling and deposition of fi brin and platelets in 
blood vessels. This typically occurs within 2 weeks after 
onset of diarrhea and is especially signifi cant in children 
under 5 and in adults older than 65 years of age. Toxic mega-
colon is a signifi cant complication of HUS caused by  E. coli 
O157:H7 . A growing number of foods, both raw and pre-
pared, are associated with infections with  E. coli O157:H7 . 
These include undercooked ground beef, unpasteurized fruit 
juices, and raw fruits and vegetables. EHEC should be con-
sidered with symptomatic younger children presenting with 
ischemic changes in the right colon, often with severe mural 
edema, hemorrhage, and mucosal erosions. 

 EHEC is diagnosed by stool cultures with serotypic con-
fi rmation of the presence of appropriate somatic (O) and fl a-
gellar (H) antigens. Isolation and identifi cation of  E. coli 
O157:H7  is facilitated by the use of MacConkey agar con-
taining sorbitol as the majority of EHEC strains do not fer-
ment this carbohydrate. Diagnostic samples for stool culture 
should be taken as early as possible in the course of infec-
tion. Colon biopsy samples may be processed with immuno-
histochemical staining using anti-O and anti-H antisera. 

 When diarrhea is severe, supportive treatment is indi-
cated with intravenous replacement of fl uids and electro-
lytes early in the disease; however, antibiotics and 
antidiarrheals are contraindicated as they increase risks of 
developing severe complications such as  Henoch-Schonlein 
purpura, hemolytic uremic syndrome,  and thrombocytope-
nic purpura. In particular, patients who had higher leukocyte 
count and used antibiotics in the fi rst week of  E. coli 
O157:H7  infections are at risk to develop oligoanuric hemo-
lytic uremic syndrome [ 18 ]. The use of plasma therapy dur-
ing the acute phase has been found to be associated with 
poor long-term outcome, and a long-term follow-up for at 
least 5 years is recommended to detect late sequel, such as 
hypertension, neurological symptoms, impaired glomerular 
fi ltration rate, and proteinuria [ 19 ].  

     Salmonella  

  Salmonella  are a genus of Gram-negative enteric bacteria 
that are not normal inhabitants of the human gut. Although 
there are more than 2,000 recognized serotypes of  Salmonella , 
all are now recognized to belong to a single species— Salmo-
nella enterica . For example, the old names of  S. typhi  and  S. 
paratyphi  are currently rendered  S. enterica , serotype  Typhi,  

and  S. enterica , serotype  Paratyphi . However, due to 
 historical usage, medical personnel often continue to use the 
traditional species names. For clarity and historical reasons, 
names will be shown in parenthesis. 

 Nontyphoidal gastroenteritis develops in approximately 
75 % of patients infected with  S. enterica, serotype 
Typhimurium  ( S. typhimurium ), and  S. enterica, serotype 
Enteritidis  ( S. enteritidis)  infections. Most human infections 
are from the consumption of contaminated food or water. 
The normal course of infection is lengthy, up to 4 week in 
duration, with fever, cramping abdominal pain, and diarrhea 
from acute ileitis and ileocolitis. Infection with  S. enterica,  
serotype  Typhi  ( S. typhi ), leads to the development of typhoid 
fever in about 10 % of cases with typical symptoms of pro-
longed fever >103 F, decreased pulse, rash, abdominal pain, 
diarrhea or constipation, and intestinal bleeding or perfora-
tion [ 20 ].  Salmonella  outbreaks in the past few years have 
been associated with the consumption of contaminated spin-
ach, peanut butter, eggs, and vegetable snacks. Patients with 
hypochlorhydria or treated with immunosuppressive drugs 
are more susceptible to infection. 

 Patients with IBD should be advised to avoid contact with 
reptiles such as pet lizards, turtles, and aquatic frogs, as these 
are natural carriers of  Salmonellae . Our    UC patients com-
monly travel, and  Salmonella  is a common cause for infec-
tious colitis to develop. Vaccination, either oral administration 
or injection, is recommended to those who travel to endemic 
areas. However, oral vaccination with live, attenuated Ty21a- 
based vaccines is contraindicated for IBD patients who are 
under immunosuppressive treatment or with any patient with 
impaired immunity. 

 Antibiotic treatment is necessary in patients who have 
severe disease, are younger than 1 or older than 50, 
 immunosuppressed, and with underlying diseases including 
hemoglobinopathies, vascular grafts, and artifi cial joints. 
IBD patients who are infected with  Salmonella  also require 
treatment. Ciprofl oxacin is the drug of choice for nonpreg-
nant patients although increasing quinolone-resistant strains 
have been reported. Ceftriaxone is an alternative treatment 
choice for pregnant patients or children. If relapses occur, 
patients are retreated with antibiotics. Prolonged treatment is 
needed in carrier states, which occur in 3–5 % of those 
infected. Removal of the gallbladder is often required with 
chronic  Salmonella  carriers.  

     Shigella  

  Shigellae  represent four species,  Shigella dysenteriae , 
 Shigella fl exneri ,  Shigella boydii, and Shigella sonnei, and  
are Gram-negative members of the  Enterobacteriaceae . 
While all four species are globally distributed,  S. dysenteriae  
and  S fl exneri  have caused endemic and pandemic disease in 
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developing countries, while  S. sonnei  is associated with 
 outbreaks of shigellosis in the United States and Western 
Europe. Shigellosis is spread via the fecal-oral route of inoc-
ulation and is highly contagious, requiring <100 organisms 
to establish infection.  Shigella  invades the intestinal epithe-
lium and causes the death of epithelial cells resulting in an 
acute proctocolitis with occasional involvement of the ileum 
as well. 

 Clinical symptoms usually start with fever, malaise, and 
watery diarrhea that rapidly progresses to grossly bloody 
diarrhea. Infections with  Shiga  toxin-producing strains of  S. 
dysenteriae  can cause life-threatening fulminant colitis with 
toxic megacolon and intestinal perforation [ 21 ].  Shigella 
sonnei,  rarely a cause of severe infections, has been reported 
with infection requiring a subtotal colectomy [ 22 ]. 
Histological features of  Shigella  infection vary from early 
changes of acute infectious colitis with superfi cial neutro-
philic infi ltrates, edema, cryptitis, crypt abscesses, ulceration 
and exudates, and pseudomembranes to later changes that 
mimic UC, with increased mucosal destruction, mixed 
infl ammatory infi ltration of the lamina propria with architec-
tural distortion, and glandular destruction. 

 It should be noted that because UC patients commonly 
travel to other countries,  Shigella  infection is common for 
them to expose to. Diagnosis is made by multiple cultures 
from freshly collected stool. Treatment of choice is with qui-
nolones and sulfamethoxazole/trimethoprim. Relapse may 
occur in patients with immunodefi ciency and may require 
prolonged antibiotic treatment [ 23 ].  

    Amebiasis 

  Entamoeba histolytica  is an amoeboid protozoan parasite 
with global distribution. Ingestion of cysts, the infective 
form of the parasite, typically occurs with contaminated food 
and water. The trophozoite, the actively motile stage of the 
parasite, causes various gastrointestinal manifestations, 
which include diarrhea, abdominal pain, cramps, and tenes-
mus. Diarrhea, while usually present, may be intermittent in 
some cases and can be accompanied by periods of constipa-
tion that can last for months to years. Complications of ful-
minating infections may include liver abscess, hemorrhagic 
colitis, perforation of the bowel, and toxic megacolon. 

 Endoscopic fi ndings with acute amebic colitis reveal a 
wide range of erosions, fl ask-shaped ulcers, exudates, and 
bumps caused by edematous mucosa due to acute infl amma-
tion which is indistinguishable from that caused by UC, as 
well as by other agents of infectious colitis. The cecum is 
most often affected, but frequently the rest of the colon is 
involved as well. The most predictive endoscopic signs of 
amebic colitis are the presence of a multiplicity of typical 

exudative cecal lesions [ 24 ].    Diagnosis can made by stool 
microscopy for parasite, coproantigen ELISA with fecal 
samples, and hematoxylin and eosin staining of the tissue 
showing amebae with foamy cytoplasm and nuclei with 
smooth, evenly distributed peripheral chromatin with a 
small, central endosome. Ameboid trophozoites with typical 
morphology and containing ingested erythrocytes are 
pathognomonic for amebic dysentery. PCR is recommended 
for confi rmation of the diagnosis of  Entamoeba  spp. [ 25 ]. 

 For asymptomatic carriers, chemotherapeutic agents 
active against cysts, such as paromomycin or iodoquinol, are 
usually suffi cient. A tissue amebicide, such as metronidazole 
or tinidazole, combined with paromomycin, should be used 
for treating symptomatic (active) infections [ 23 ].  

     Campylobacter  

  Campylobacter  is the most commonly identifi ed bacterial 
pathogen of the gut in the developed world. Infections with 
 Campylobacter jejuni  are characterized by acute enteritis of 
1–7 days duration. Symptoms vary from nausea and vomiting 
and mild watery diarrhea to grossly bloody stool. Although 
usually self-limited,  C;ampylobacter  infections rarely prog-
ress to severe life-threatening disease or produce complica-
tions such as toxic megacolon. The majority of patients 
develop ileitis and some degree of segmental  colitis. A case of 
pancolitis mimicking UC has been reported [ 26 ]. Of note, 
 Campylobacter  infections are a leading cause of  Guillain-
Barre syndrome . As  Campylobacter  naturally colonizes poul-
try and a variety other domestic animals, it is  frequently 
associated with zoonotic transmission of disease in humans 
via contaminated foods [ 27 ]. Diagnosis is made by stool cul-
ture and microscopic examination for curved Gram- negative 
 bacilli . A higher yield from colonic tissue culture can be 
achieved for  C. jejuni . Successful treatment can be achieved 
with quinolones, erythromycin, and tetracycline [ 23 ]. 

 Ternhag et al. found an elevated risk for UC and reac-
tive arthritis as well among  Campylobacter  infections 
[ 28 ]. Superinfection of  Campylobacter jejuni  was more 
commonly found in 17.6 % IBD patients with fl ares, 
being probably related to the consumption of chicken 
meal or drinking from contaminated water sources [ 29 ]. 
Although  Campylobacter jejuni  continues to be one of 
the most common causes of infectious diarrhea in the 
United States, a growing number of other clinically sig-
nifi cant  Campylobacter species  have been identifi ed. 
 Campylobacter concisus, C. upsaliensis, and C. ureolyti-
cus  have been recognized as emerging human and animal 
pathogens and have been associated with gastrointestinal 
diseases, particularly in patients with underlying IBD and 
in children with newly diagnosed Crohn’s disease [ 30 ].  
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     Yersinia enterocolitica  

  Yersinia enterocolitica  is a Gram-negative bacterium 
 belonging to the  Enterobacteriaceae  family of enteric 
organisms. Infections with  Y. enterocolitica  are associated 
with consumption of contaminated foods, often pork and 
unpasteurized milk. The natural reservoirs of the organism 
are various animals, particularly pigs, livestock, rodents, 
and rabbits. The most common forms of disease are hemor-
rhagic enterocolitis, terminal ileitis, and mesenteric lymph-
adenitis, often mimicking appendicitis and Crohn’s disease 
[ 21 ,  31 ]. 

 Dysentery is due to the penetration of the submucosa of 
the terminal ileum, the cecum, and the proximal ascending 
colon, with acute abdominal pain, often in the lower right 
quadrant.  Yersinia  granulomatous appendicitis may be seen 
with small bowel obstruction at the terminal ileum due to 
granulomatous infl ammation, mural fi brosis, aphthous 
ulcers, and transmural lymphoid hyperplasia. Mesenteric 
adenopathy is frequently seen on CT scans. 

  Yersinia  infection may be associated with migratory 
polyarthritis, Reiter’s syndrome, and erythema nodosum 
which is indistinguishable to extraintestinal manifestations 
of IBD.  Yersinia  infection can also be a trigger of chronic 
IBD as evident by the fact that in some cases new onset of 
UC was demonstrated at diagnosis of  Y. enterocolitica  infec-
tion [ 32 ]. Most of time conventional cultures failed to detect 
obligate pathogenic bacteria; however,  Yersinia  species 
were detected by PCR in surgically resected intestinal spec-
imens from patients with Crohn’s disease and ulcerative 
colitis [ 33 ]. 

 Colonoscopy typically reveals a thickened wall with 
infl ammatory masses; round or oval elevations with or with-
out ulcers in the ileum, right colon, and appendix; and histo-
logical features indistinguishable from Crohn’s disease. 
Some cases show focal ulceration from the rectum to the 
cecum [ 34 ]. Diagnosis can be made from stool cultures using 
cold enrichment techniques with cefsulodin-irgasan- 
novobiocin agar, a medium specifi cally designed for the iso-
lation of  Yersinia  spp. Serological techniques are of limited 
value in diagnosis as they are unable to determine the sero-
type of the infecting organism. In addition, there are cross-
reacting antigens with the  Yersiniae, Brucellae , and other 
bacteria that complicate diagnosis by serological means 
alone. Hemagglutination titers of ≥1:128 with consistent 
signs and symptoms may suggests  Yersinia  infection. 
Treatment is required for patients with severe disease. 
Ciprofl oxacin, tetracycline, or trimethoprim/sulfamethoxa-
zole is effective in the treatment of yersiniosis [ 23 ].  

    Cytomegalovirus (CMV) 

 CMV-induced colitis remains the most common form of 
 disease due to CMV, although CMV can affect the entire GI 
tract in immunosuppressed patients. Superimposed CMV 
infections are common in UC patients with severe disease 
and have been identifi ed in up to 36 % of UC patients with a 
history of treatment failure. The use of steroids and other 
immunomodulating drug is also associated with high CMV 
loads [ 35 ]. Interestingly, CMV colitis has also been linked 
with coinfections with  C. diffi cile,  both of which are signifi -
cant causes of toxic megacolon. 

 Segmental and/or linear ulcerative lesions can often be 
seen on colonoscopy, due to CMV colitis, with the presence 
of single, multiple, superfi cial or deep, or well-circumscribed 
“punched out”-appearing lesions in the bowel epithelium. 
Diagnosis of CMV infection can be made by viral culture as 
well as by histopathology of tissue specimens from the ulcer 
base. Histopathology provided the highest diagnostic yield 
with the presence of characteristic “giant” cells containing 
eosinophilic intranuclear inclusions and basophilic intracy-
toplasmic inclusions. Detection of viral antigens by immu-
nohistochemistry and/or in situ DNA hybridization in biopsy 
specimens increases the yield of detection. Noninvasive 
molecular diagnostic techniques such as quantitative nucleic 
acid analysis using PCR and the CMV pp65 antigenemia 
assay are available. 

 Treatment is usually effective with intravenous ganciclo-
vir, oral valganciclovir, or foscarnet. If gastrointestinal 
infections are complicated with CMV viremia, antiviral 
therapy should be continued until the viremia is cleared, 
determined by at least two consecutive negative CMV PCR 
tests. In patients with UC who have superimposed CMV, 
clearance of the CMV infection can be very diffi cult, and 
recurrent, refractory, and combined UC and CMV is 
 common. Patients with both UC and CMV will often even-
tually need a colectomy.  

    Rotavirus 

 Rotavirus is the most important etiologic agent of severe, 
acute gastroenteritis in infants and young children in the 
developed world. Adults with close contact to sick children 
can also become infected. In addition to watery diarrhea, 
patients with    Rotavirus infections have a high incidence of 
vomiting, lethargy, and dehydration. In rare cases, Rotavirus 
gastroenteritis may be accompanied with convulsions, myo-
sitis, encephalitis, encephalopathy, and Reye’s syndrome. 
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Elevated levels of alanine aminotransferase and aspartate 
aminotransferase have been reported, which appear linked 
with high levels of interleukin 6 [ 36 ]. Diagnosis of infection 
by Rotavirus can be made by detection of the virus in stool 
by PCR, ELISA, and direct viral culture. Treatment is mainly 
supportive with replacement of fl uids and electrolytes and 
antiemetic therapy. Zinc supplements have been shown to 
have some effect in decreasing both the frequency and sever-
ity of diarrhea. However, antidiarrheal medicines and antibi-
otics should be avoided. Safe and effective vaccines against 
Rotavirus infection have been included in national immuni-
zation programs.  

    Aspergillosis 

 Systemic infections with  Aspergillus  spp. frequently have 
gastrointestinal presentations; however, this infection is 
rarely seen with immunocompromised patients. Risk factors 
for invasive aspergillosis are prolonged severe neutropenia 
and the use of steroids and other immunosuppressors [ 37 ]. 
IBD patients who receive cyclosporine, steroids, and other 
6-MP immunosuppressants have increased incidence of gas-
trointestinal aspergillosis as well as  Aspergillus fumigatus  
pneumonia [ 38 ]. Clinical manifestations of infection include 
fever, abdominal pain, GI bleeding, abdominal tenderness, 
ileus, and toxic megacolon due to ischemia and infarction. In 
such cases, urgent surgical resection of the bowel may be 
indicated.  Aspergillus -associated necrotizing enterocolitis 
has been reported [ 39 ]. Macroscopically lesions comprised 
ulcers of variable confi gurations, mucosal fl ecks, sloughed 
mucous membranes, polypoid masses, segmental lesions, 
and transmural invasion [ 40 ]. 

 The diagnosis of aspergillosis requires either the culture 
of the organism from the tissues or the histopathological 
demonstration of typical broad, septate, branching hyphae 
morphologically consistent with that of  Aspergillus . 
Aspergillosis in the presence of reduced lymphocytes in 
mesenteric nodes is suggestive of immunosuppression. The 
treatment of choice for invasive aspergillosis is voriconazole. 
Patients who cannot be treated with voriconazole are treated 
with amphotericin B.  

     Cryptosporidium parvum  

  C. parvum  is an intracellular protozoan parasite of intestinal 
epithelial cells and causes a secretory type of diarrheal dis-
ease. Severe and/or prolonged cryptosporidiosis is increased 
in patients with both cellular and humoral immune defi cien-
cies. Risk factors include HIV infection, transplant- 
associated immunosuppression, IgA defi ciency, and 
hypogammaglobulinemia [ 41 ]. IBD patients with cryptospo-
ridiosis may present with symptoms of an acute UC or CD, 

which include fever, malaise, abdominal cramps, rectal 
bleeding, and profound dehydrating diarrhea [ 42 ]. The diag-
nosis is primarily based on microscopic examination of stool 
which reveals  Cryptosporidium  trophozoites that line the 
surface of intestinal crypts, reactive atypia of epithelial cells, 
and increased numbers of infl ammatory cells in the lamina 
propria. A modifi ed acid-fast stain is used to show the pres-
ence of oocysts. Immunofl uorescent-labeled monoclonal 
antibodies against components of the oocyte cell wall are 
used with stool or tissue samples. Treatment of immunocom-
petent individuals is supportive, as infections are usually 
self-limiting. Nitazoxanide is the drug of choice for use with 
immunocompromised patients.  

    Microscopic Colitis 

 Microscopic colitis is defi ned histologically as either lympho-
cytic colitis (LC) or collagenous colitis (CC). Macroscopically 
in both cases, the colonic mucosa appears normal or near nor-
mal. LC is characterized by the infi ltration of intraepithelial 
lymphocytes, whereas CC has an additional distinct subepithe-
lial deposition appearing as a thickened band-like collagen 
structure. About 10 % of the patients, especially those older 
than 50 years of age with idiopathic watery diarrhea, have sub-
sequently been found to have either LC or CC. The etiology of 
microscopic colitis is still unclear but is associated with immu-
nological diseases, such as autoimmune thyroiditis, celiac dis-
ease, and IBD. A number of medications have been linked to 
the development of LC and CC, among which are NSAIDs and 
proton pump inhibitors [ 43 ]. Diagnosis of microscopic colitis 
is made based on characteristic histological features. Multiple 
tissue samples from both the left and right colon increase diag-
nostic yields as LC and CC can be manifest as focal or segmen-
tal colitis. Patients with microscopic colitis should be tested for 
celiac disease with appropriate serology and endoscopy and 
placed on a gluten-free diet if the diagnosis is established. 
NSAIDs and other potential contributing medications should 
be discontinued before therapy is initiated. Budesonide is the 
drug of choice for persistently symptomatic patients with LC or 
CC, as randomized controlled trials have shown its effective-
ness in treating patients with either LC or CC. Patients usually 
respond to treatment within 2 weeks; however, relapse is com-
mon when budesonide is stopped. Treatment failures with 
budesonide may require use of other effective regimens, which 
include aminosalicylate, cholestyramine, and steroids [ 44 ].  

    Crohn’s Disease, IBD Unclassifi ed, 
and Indeterminate Colitis 

 About 20 % of patients with Crohn’s disease (CD) have 
involvement of only the colon, which complicates its differ-
entiation from UC, especially in patients with moderate to 
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severe disease. About 13 % of patients with presumed UC 
that undergo ileal pouch-anal anastomosis (IPAA) eventually 
develop de novo CD. Therefore, an accurate diagnosis of UC 
is important prior to performing an IPAA, as misdiagnosed 
UC patients with actual CD have increased postoperative 
complications such as pouchitis, perianal fi stulizing disease, 
strictures, loss of pouch, and permanent ileostomy and are at 
increased risk for short bowel syndrome [ 45 ]. When chronic 
infl ammatory disease has equivocal features for both UC and 
CD from biopsy specimens or from surgically resected colon 
specimens, it is referred to as IBD unclassifi ed (IBDU) or 
indeterminate colitis (IC), respectively. Murrell ZA et al. 
reported that patients with IBDU or IC can undergo IPAA 
and expect a long-term outcome equivalent to patients with 
UC. However, about 12 % of these patients developed de 
novo CD [ 46 ]. Serologic markers such as anti- Saccharomyces  
cerevisiae  antibodies (ASCA) and perinuclear antineutrophil 
cytoplasmic antibodies (pANCA) have been used to predict 
the development of CD or UC in patients with IC. A positive 
ASCA but negative pANCA predicts CD in 80 % of patients 
with IC, and a negative ASCA but positive pANCA predicts 
UC in 64 % of patients with IC [ 47 ]. Furthermore, a family 
history of CD was identifi ed as a risk factor for CD after 
IPAA in patients originally presenting with IC.  

    Irritable Bowel Syndrome (IBS) 

 It is sometime diffi cult to differentiate symptoms of IBS 
from those of IBD as both diseases share similar symptoms 
of diarrhea, abdominal pain, and sometimes weight loss. IBS 
symptoms are common among IBD patients. The prevalence 
of IBS in fi rst-degree relatives of patients with IBD is ele-
vated [ 48 ]. Coexistent IBS in the IBD patient can cause sig-
nifi cant impairment in quality of life, increased anxiety and 
depression, and increased medical visits. A comprehensive 
history is critical to differentiate IBS from IBD. Patients with 
IBS present with watery diarrhea, bloating, and cramping 
abdominal pain, which is relieved after defecation. Certain 
foods, fruits, or drinks can aggravate IBS symptoms [ 49 ]. 
Normal ESR, CRP, and CBC favor the diagnosis of 
IBS. However, abnormal calprotectin levels have been 
reported with IBS-like symptoms in IBD patients in remis-
sion, suggesting a role of yet to be identifi ed infl ammatory 
factors causing IBS in those patients [ 50 ]. Patients with an 
IBD fl are will present with diarrhea mixed with blood, con-
stant abdominal pain without relief after defecation, and 
weight loss, accompanied with elevated ESR, CRP, and 
WBC and presence of anemia. Treatment of IBS in patients 
with IBD is similar to that of patients with IBS alone. It is 
critical to establish good patient-doctor relationship and pro-
vide ongoing patient education on the nature of the disease. 
It is also important to identify and avoid particular foods and 

beverages that induce IBS symptoms [ 49 ]. Antidiarrheals 
such as diphenoxylate, loperamide, and low-dose tricyclic 
antidepressants have been used for patients with IBS with 
diarrhea predominance. Rifaximin has also been shown to 
provide symptomatic improvement especially in diarrhea 
and bloating. The use of antispasmodic, anticholinergic 
medications such as dicyclomine and hyoscyamine can also 
be helpful in pain management with IBS patients.  

    Eosinophilic Colitis 

 Eosinophilic colitis (EC), also known as allergic colitis, 
often occurs in infants and is an immune response to dietary 
or other antigens, resulting in extensive eosinophilic infi ltra-
tion of the colonic mucosa and presenting as rectal bleeding, 
bloody diarrhea, and/or loose stool with mucus. In adults, 
involvement of both the ileum and colon, yet sparing the rec-
tum, is a feature of EC that mimics those of Crohn’s disease 
with focal erythema and friable-appearing mucosa, increased 
nodularity, and, in severe case, erosions and ulcers. In active 
IBD, eosinophils are also found to accumulate and become 
activated resulting in releasing cytotoxic proteins, such as 
eosinophil cationic protein (ECP) and eosinophil protein X 
(EPX), and infi ltrating into the colonic mucosa [ 51 ]. Colonic 
biopsies are necessary to make the diagnosis of EC which is 
based on characteristic histological fi ndings that demonstrate 
the presence of eosinophils ≥60/10HPF in lamina propria 
near the lymphoid aggregates, eosinophilic crypt abscess, 
and focal eosinophils in the intestinal epithelium and crypts. 
In active UC, eosinophils are also evident in colonic mucosa 
but with fewer number than that in EC. Tissue samples from 
each section of the colon must be placed into different 
 containers, as each section of the colon has different num-
bers of eosinophils. Though serological ECP and EPX did 
not correlate with eosinophilic infi ltration in colonic mucosa 
in patients with IBD in remission or with mild disease, the 
levels of ECP and EPX from stool samples have increased 
from the patients with active UC and CD [ 52 ]. Successful 
treatment of EC is based on the identifi cation and removal of 
the causative antigen from the diet and is usually made by 
the use of dermal antigen sensitivity tests. An elemental diet 
may also be helpful. The better therapeutic approaches 
toward EC are yet to be established.  

    Ischemic Colitis 

 Ischemic colitis is the most common sequelae of a compro-
mised blood supply to the mesenteric vessels. It develops in 
older patients upon arterial or venous occlusion, low-fl ow 
states, or intestinal obstruction. Ischemic colitis often 
 presents with acute abdominal pain, hematochezia, bloody 
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diarrhea, and fever. It may be seen in younger patients with 
a history of use of oral contraceptives, cocaine, NSAIDs, 
phenylephrine, amphetamines, triptans, or underlying 
thrombophilia. Ischemic colitis has been reported in mara-
thon runners as well as patients infected with  E. coli 
O157:H7  or CMV. Characteristic endoscopic features 
include a dusky or hemorrhagic appearance of the mucosa, 
marked edema and erythema, ulceration, and pseudomem-
brane with geographic distributions, of which the descend-
ing to the sigmoid colon are most affected, and the distal 
rectum is often spared. Brandt et al. reported that in patients 
with late-onset symptoms of IBD (>50 years of age), only 
26 % of patients were found to have either UC (14 %), CD 
(5 %), or undetermined (7 %). The rest of patients were 
found to have either defi ned ischemic colitis (64 %) or pos-
sible ischemic colitis 10 % [ 53 ]. Colonoscopy with biopsy 
can confi rm the diagnosis and assess severity and distribu-
tion. Isolated right-sided ischemic colitis requires more 
attention as it could be an early sign of impending small 
bowel infarct if left untreated. It is very important to early 
and liberally perform vascular imaging (   CTA: Computed 
Tomography (CT) Angiography, MRA: Magnetic Resonance 
Angiogram, or MRV: Magnetic Resonance Venogram) and 
to use intra-arterial papaverine to decrease vascular spasms 
in order to make the diagnosis before intestinal infarct 
occurs, which has mortality rates of 70–90 %. Treatment 
includes supportive measures, discontinuance of offending 
agents, resection of involved segments, embolectomy, and/
or arterial reconstruction. Broad-spectrum antibiotics 
should be immediately begun with the appearance of acute 
mesenteric ischemia. Appropriate anticoagulation for recur-
rent thrombosis should be started within 48 h after embolec-
tomy or arterial reconstruction.  

    Radiation-Induced Colitis 

 Radiation-induced colitis is caused by the therapeutic use of 
ionizing radiation which damages the colonic mucosa, 
blood vessels, and colonic wall. It commonly presents with 
diarrhea, bleeding, and pain due to colonic obstruction. 
Acute changes are normally self-limited and only require 
supportive care. However, chronic changes can be diffi cult 
to treat and may have lifelong consequences. With most 
cases, the diagnosis can be confi rmed by colonoscopy or 
sigmoidoscopy, observing pallor of the mucosa with friabil-
ity and multiple telangiectasias [ 54 ]. Characteristic histo-
logical features are eosinophilic cryptitis with eosinophilic 
infi ltrations in the mucosa and lamina propria and subtlely 
withered-appearing crypts, which can be reversed. Chronic 
radiation colitis shows telangiectatic blood vessels with 
atypical endothelial cells, surrounded by hyalinized lamina 

propria and marked crypt distortion where arterial damage 
leads to ischemic mucosa. A colonoscopy is indicated with 
patients who have received radiation treatment for prostate 
cancer or for gynecological cancers. Treatment of radiation-
induced colitis includes supportive care in the acute phase, 
endoscopic thermotherapy such as argon plasma coagula-
tion to cauterize bleeding and dilation of strictures using 
balloon or Savary dilators, as well as surgical resection of 
the bleeding or obstructed segmental colon. Therapy may 
also include the use of hyperbaric oxygen for nonhealing 
anorectal wounds and antibiotics for possible bacterial over-
growth. The use of topical corticosteroids or sucralfate may 
also be recommended.  

    Segmental Colitis Associated 
with Diverticulosis (SCAD) 

 SCAD is defi ned as chronic segmental mucosal infl amma-
tion in the distribution of diverticula; however, SCAD is not 
related to diverticulitis. It is seen predominantly in the 
descending and sigmoid colon [ 55 ]. The incidence of SCAD 
is 0.2–1.4 cases per 100 colonoscopies and is markedly asso-
ciated with the elderly with the median age of onset ≥64 years 
old. Clinical presentations include hematochezia, abdominal 
pain, diarrhea, obstruction, and possible fi stula formation 
between the colon and the adjacent internal organs, such as 
the vagina and bladder [ 56 ]. Endoscopy reveals erythema of 
the mucosa surrounding the diverticula, with annular changes 
and microscopic features of chronic colitis with dense lym-
phoplasmacytic infl ammation of the lamina propria, crypt 
distortion, and crypt abscesses. However, the mucosa both 
proximal and distal to the segment of diverticula is normal. 
CT scans show thickening of the colonic wall in the diver-
ticular segments without signs of diverticulitis. Treatment 
includes control of constipation, segmental resection, antibi-
otics, and 5-ASA products [ 57 ].  

    Colitis Due to Chronic, High-Dose NSAIDs 

 Up to 10 % of newly diagnosed colitis is associated with 
long-term use of high doses of NSAIDs. Patients typically 
present with anemia, bloody diarrhea, and abdominal pain. 
Colonoscopy reveals patchy erythema, localized erosion, 
and discrete ulcers in the colon, most commonly in the ileo-
cecal region. Histological examination reveals patchy infl am-
mation with focal areas of active colitis and various crypt 
distortions without increased intraepithelial lymphocytes. 
Treatment options include the discontinuation of NSAIDs 
and suppression of infl ammation with sulfasalazine and 
 metronidazole [ 58 ].  
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    Adverse Reactions to IBD Drugs 

 Intolerance to 5-ASA products as well as a variety of 
 genetically engineered therapeutic proteins called “biolog-
ics” that are designed to inhibit infl ammation can mimic 
symptoms associated with the recurrence of colitis. 
Bousseaden A. et al. observed the worsening of colitis symp-
toms after the oral or rectal administration of mesalamine 
[ 59 ], suggesting that sensitivity to mesalamine should be 
considered in the differential diagnosis of recrudescent 
ulcerative colitis. Clinically, patients intolerant to 5-ASA 
experienced abdominal pain and diarrhea within a few days 
of exposure to the drug. Endoscopy reveals active colitis 
mimicking ulcerative colitis. Histological characteristics 
feature eosinophilic infi ltration to the mucosa and formation 
of eosinophilic crypt abscesses. Successful treatment usually 
involves discontinuation of mesalamine and administration 
of a short course of steroids.  

    Ulcerative Colitis-Associated Colon Cancer 

 Patients with ulcerative colitis are at increased risk for devel-
oping colorectal cancer [ 60 ]. Risk factors for colorectal can-
cer for UC patients are advanced age of onset, longer duration 
of disease, more extensive disease, and coexisting primary 
sclerosing cholangitis. These observations provide support-
ing evidence for the etiological role of chronic infl ammation 
in colon carcinogenesis. Additionally, patients with certain 
genetic markers are at risk for the development of colon can-
cer. Garrity-Park et al. reported that specifi c HLA-DR and 
HLA-DQ alleles within the class II region of the major histo-
compatibility complex (MHC) on chromosome 6p are highly 
associated with colon cancers [ 61 ]. Symptoms of colon can-
cer are change in bowel habits, blood in the stool, narrow cali-
ber of the stool, abdominal cramping, chronic fatigue, and 
weight loss. Unfortunately, these symptoms also largely over-
lap those due to a fl are-up of IBD, necessitating an accurate 
diagnosis for proper management. Colonoscopy with biopsy 
is the defi nitive means to differentiate between colon cancer 
and a fl are-up of IBD. Annual or biennial colonoscopy is rec-
ommended for patients with ulcerative colitis 8–10 years after 
initial diagnosis. Total colectomy is warranted for colitis-
associated dysplasia and colorectal cancer. Vigilant surveil-
lance with shortened periods between examinations is advised 
with at-risk patients reluctant to elect surgery.  

    Chemotherapy-Related Colitis 

 About 5–15 % patients who receive chemotherapy develop 
gastrointestinal mucositis, caused by highly reactive oxida-
tive molecules that directly damage the intestinal epithelial 

cells. Fluoropyrimidine compounds such as 5-FU are 
 commonly associated with chemotherapy-induced diarrhea. 
Clinical presentations typically include nausea, vomiting, 
diarrhea, and GI bleeding. The small intestine is the most 
common site for chemotherapy-related enteritis, whereas the 
colon is the least affected. Endoscopic fi ndings include ulcers 
and erosions with histological evidence of epithelial apopto-
sis and cell death, with rare infl ammation and dilated crypts 
[ 62 ]. The successful treatment of mucositis remained to be 
problematic. Palifermin, a recombinant human keratinocyte 
growth factor and a potent epithelial growth factor, which 
appears both to protect the mucosal epithelium from damage 
and to stimulate repair after chemotherapy or radiotherapy, is 
currently used in hematological malignancies [ 63 ].  

    Vasculitis 

 A variety of vasculitides can affect the entire GI tract and 
include Behcet disease [ 64 ], Henoch-Schonlein purpura 
[ 65 ], enterocolic lymphocytic phlebitis [ 66 ], polyarteritis 
nodosa [ 67 ], Wegener granulomatosis [ 68 ], microscopic 
polyangiitis [ 69 ], Churg-Strauss syndrome [ 70 ], giant cell 
arteritis [ 47 ], rheumatoid arthritis, and systemic lupus ery-
thematosus [ 71 ]. The small bowel and colon are the most 
affected sites with presentations of abdominal pain, GI 
bleeding, and diarrhea. Endoscopic fi ndings often include 
edematous mucosa with ulcers, erosions, or changes that 
mimic ischemia. Histological features include infl ammation 
in and around the vessel walls, fi brinoid necrosis of the ves-
sel walls, and presence of thrombi. Treatment options are 
directed against the underlying disease. 

 In summary, patients with ulcerative colitis develop clas-
sic symptoms of colitis with diarrhea, blood in the stool, 
abdominal pain, and fever or chills. Most frequently, the dif-
ferential diagnosis will lead to either acute self-limited coli-
tis or new-onset UC. Established UC patients who experience 
symptoms of colitis that is unresponsive to treatment must be 
further evaluated to determine the most appropriate thera-
peutic regimen.     
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        Introduction 

 Infl ammatory bowel disease (IBD) specifi cally both 
 ulcerative colitis (UC) and Crohn’s disease (CD) represent 
global diseases characterized by relapsing chronic infl amma-
tory intestinal changes effecting dietary intake, digestion, 
and nutrient utilization and are associated with impairment 
of nutritional status. The etiology of these disorders remains 
unknown and various bacterial, genetic, and environmental 
factors have been proposed to be contributory. While diet 
and nutrition impact on health, their potential roles in infl am-
matory bowel disease have been explored. Over the last 
decades, various aspects of diet and nutrition have been 
investigated, including their role in the etiology of IBD as 
well as their role in the management of these disorders. This 
chapter will discuss the current evidence of diet as a risk fac-
tor for the development of IBD and as well as the role of vari-
ous dietary and nutritional approaches in the management of 
the infl ammatory bowel disease.  

    The Role of Diet in the Etiology of IBD 

 Over the last decade, the incidences of infl ammatory bowel 
have been increasing not only in industrialized western 
countries but also in many other countries initially thought 
to have lower incidences of this disease [ 1 – 3 ]. The changes 
in dietary consumption pattern related to the popular west-
ern diet, high in protein and fat and lower in vegetables and 
fruits, are thought to be the key environmental factors con-
tributing to the rising incidence of IBD and also playing a 
potential role in the pathogenesis of infl ammatory bowel 
disease. In general, literature investigating these associa-
tions has been limited by their design characteristics retro-
spective, observational studies with small sample size, and 
confl icting results. 

 A recent systemic review of the literature by Hou et al. [ 4 ] 
analyzed 19 studies with over 2,600 IBD patients and 
reported that high dietary intakes of total fats, n-6 polyun-
saturated fatty acids (PUFAs), omega-6 fatty acids, and 
meats were associated with an increased risk of CD and 
UC. On the other hand, high fi ber and fruit intakes were 
associated with a decreased Crohn’s disease risk, while 
high vegetable intake was associated with a decreased UC 
risk. There was no consistent association between total 
 carbohydrate intake and IBD risk [ 4 ]. 

 A subsequent prospective cohort study by 
Ananthakarishnan et al. [ 5 ] concluded that long-term intake 
of dietary fi ber, particularly from fruits, is associated with 
lower risk of CD but not UC. The same group demonstrated 
also that a high intake of dietary long-chain n-3 polyunsatu-
rated fatty acids may be associated with a reduced risk of 
UC, while high intake of  trans -unsaturated fats may be asso-
ciated with an increased risk of UC [ 6 ]. The association 
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between  trans -unsaturated fat and various systemic 
 infl ammatory changes has been recognized before, playing a 
role in conditions such as coronary artery disease and diabe-
tes mellitus. 

 A recent study by Tjonneland et al. [ 7 ] demonstrated the 
presence of a potential association between higher intake of 
linoleic acid, a dietary n-6 polyunsaturated fatty acid, and 
increased risk of ulcerative colitis. The subsequent French 
prospective cohort study of female patients, aged 40–65 liv-
ing in France, also noted increased risk of IBD with higher 
intake of animal protein in this group [ 8 ]. 

 A few observational studies assessed the association diet 
with the natural history of IBD and reported that patients 
with higher consumptions of eggs, animal protein, sulfate, 
and alcohol intake have more frequent relapse [ 9 – 11 ]. 
Finally, the most recent study by Spooren et al. [ 12 ] provided 
a complete overview of 41 studies associating habitual diet 
with the onset of IBD and its association with relapses of 
IBD. The study pointed out that the current evidence is not 
suffi cient yet to draw fi rm conclusions on the role of specifi c 
food components or nutrients in the etiology of IBD and 
large prospective controlled trials are needed. 

 The certain dietary patterns may result in increased 
amount of intestinal sulfate leading to increased infl amma-
tion and resulting to clinical and endoscopic disease fl are- 
ups [ 9 ,  13 ]. The specifi c long-term diet may also lead to 
intestinal infl ammation through its effects of the gut micro-
biota, antigen presentation, and enhanced prostaglandin pro-
duction though no clear association path has been established 
yet [ 14 ,  15 ]. 

 The potential link between the diet and the gut microbi-
ome has been also recently explored. It is supported by the 
studies in postoperative CD demonstrating the recurrence of 
intestinal infl ammation in the neoterminal ileum with the 
exposure to luminal content shortly after the surgery [ 16 ,  17 ]. 

 It is known that gut microbes have been in a symbiotic 
relation with their human host by the participation in vari-
ous physiological functions including the fermentation of 
the indigestible carbohydrates, transformation of conju-
gated bile acids, synthesis of vitamins, etc. The alteration of 
the gut microbiota dysbiosis has been seen in IBD, and it 
may play a role in the pathogenesis of IBD through the 
depletion of protective bacterial species and increase of 
more harmful species [ 18 ,  19 ]. Thus various dietary patterns 
may change the gut microbiota dysbiosis and lead to the 
development of the disease. Recent studies have evaluated 
this association between dietary patterns and the gut micro-
biota [ 20 – 22 ]. They revealed that the adaption of the micro-
biota to diet is similar across different mammalian lineages 
[ 20 ]. Various long-term dietary interventions were shown to 
be associated with specifi c enterotypes such as  Bacteroides  
with particularly protein and animal fat and  Prevotella  with 
carbohydrates [ 21 ]. 

  Prevotella  and related bacteria are effi cient at fermenting 
dietary fi ber, leading to higher concentrations of short-chain 
fatty acids, which may be a protective factor against infl am-
mation [ 11 ,  23 ]. On the other hand, high-fat diets, through 
dietary intake, induced changes in the gut microbiota, may 
increase bowel permeability, and thus contribute to patho-
genesis of IBD, particularly CD [ 24 ]. 

 The animal models help us to understand the possible 
dietary mechanisms leading to worsening infl ammatory 
changes [ 25 – 27 ]. For instance, it is known that high-fat diets 
exacerbate dextran sodium sulfate-induced colitis in mice 
potentially by increasing colonic natural T killer cell [ 25 ]. 
The study by Devkota and colleagues [ 26 ] demonstrated also 
that intake of saturated milk fat lead to more aggressive coli-
tis in Il-1-defi cient mice, by expanding rare bacterial popula-
tion that induces pathogenic T-helper 1 immune responses 
[ 26 ]. Furthermore, the production of hydrogen sulfi de 
through bacterial fermentation of sulfur amino acids from 
high-protein-containing food may contribute to bowel 
infl ammation by direct toxic effects and abnormal use of 
short-chain fatty acids [ 28 ,  29 ]. The recent study by Martinez- 
Medizna et al. [ 27 ] assessed further the effects of a high-fat 
and sugar western diet on gut microbiota composition, bar-
rier integrity, and susceptibility in transgenic mice model. It 
demonstrated an increased intestinal permeability, decreased 
mucous layer thickness, increased TNF alpha secretion, and 
higher adherent-invasive  Escherichia coli  (AIEC) coloniza-
tion with the western diet in genetically susceptible mice. 

 In summary, the infl uence of diet on the gut microbiota is 
the important environmental factor playing a role in the 
pathogenesis of IBD in susceptible hosts, and further investi-
gations are warranted.  

    The Role of Nutrition 
in the Management of IBD 

 Various dietary interventions and nutritional approaches have 
been studied in the management of infl ammatory bowel dis-
ease with the goal of altering the course of the disease while 
attempting to induce and maintain remission, also in patient in 
the postoperative period of the disease. Several additional and 
well-recognized goals are to prevent and treat the disease com-
plications such as malnutrition and to promote growth and 
proper development in the pediatric population of patients with 
IBD. These additional goals are achieved by careful assess-
ment of the nutritional status in all IBD patients and identifying 
disease-related malnutrition (inadequate nutrition), weight 
loss, and suboptimal nutritional status presenting at any stage 
of IBD including patients who are in clinical remission [ 30 ,  31 ]. 
The causes of malnutrition are complex and include poor 
dietary intake, impaired nutrient digestion, and absorption as 
well as generally increase nutrient requirement. 
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 Nutrition-related complications in IBD such as weight 
loss; hypoalbuminemia anemia related to iron, B12, and folic 
acid defi ciencies; as well as bone-related complications due 
to calcium, vitamin D, magnesium, and vitamin K defi ciency 
have been well recognized and their management endorsed 
in guidelines for IBD management [ 32 ,  33 ]. 

    Enteral Nutrition in Crohn’s 
 D isease for  I nduction or  R emission 
and  M aintenance of  R emission 

 Exclusive enteral nutrition (EEN) therapy with elemental, 
semi elemental, and defi ne formulas has been extensively 
studied, especially in pediatric population, and it has been 
frequently used for the induction and remission of the dis-
ease in specifi c regions including Europe [ 34 ]. It has been 
demonstrated that EEN acts to induce mucosal healing and 
prolongs clinical remission of the disease [ 35 ]. EEN is main-
tained with up to 8 weeks of liquid feedings with either ele-
mental or polymeric formulas, while patients are not allowed 
to have any other dietary items except water and some bever-
age drinks [ 21 ]. At the end of a 6–8-week period, a low- 
residue diet is slowly introduced. 

 A Cochrane meta-analysis comparing elemental formulas 
based on fat content did not show a signifi cant difference of 
term of effi cacy of enteral nutrition and a nonsignifi cant 
trend toward low-fat and low-triglyceride diet was noted 
[ 36 ]. It assessed enteral formulas vs. corticosteroids in acute 
therapy and pointed out the potential benefi ts of steroids 
[ 36 ]. However, after inclusion of only high-quality studies, 
this benefi t was not present anymore. 

 This EEN approach has been primarily applied in the 
pediatric population for patients with Crohn’s disease, but in 
general it has not been widely utilized and accepted. It is not 
recommended as treatment for active or quiescent ulcerative 
colitis. 

 The guidelines of the European Society for Clinical 
Nutrition and Metabolism specifi cally reviewed the role of 
enteral nutrition in the management of IBD based on the 
available scientifi c data [ 37 ]. In active CD, EEN can be the 
fi rst-line therapy in children and should be used as sole ther-
apy in adults mainly when treatment with corticosteroids is 
not feasible. Among children with CD, the response rates to 
EEN exceed 80 %, while for the maintenance of remission 
resulted in 50 % [ 36 ]. In long-standing clinical remission 
and in the absence of nutritional defi cits, a benefi t of enteral 
nutrition or supplement has not been demonstrated [ 38 ]. 

 Subsequent studies analyzes also the enteral nutrition 
vs. placebo for maintenance therapy with 50 % calories as 
enteral feeding vs. normal food as well as elemental feed-
ing at night and low-fat diet during the day vs. normal food 
[ 39 ,  40 ]. 

 There are a few studies investigating the effi ciency of 
EEN based on the CD location suggesting poorer response in 
patients with colonic CD, while other studies suggest remis-
sion with EEN to be not related to disease location [ 41 ,  42 ]. 
In addition, a meta-analysis of pediatric studies comparing 
the effi cacy of steroids to EEN in inducing remission demon-
strated that corticosteroids and EEN are equally effi cacious 
in inducing remission in pediatric population with CD [ 43 ,  44 ]. 
Furthermore, a Cochrane meta-analysis summarizing the 
role for EEN for the maintenance of remission also showed 
that EEN may be effective for the maintenance of remission 
for CD either alone or with combination with other therapies 
[ 45 ]. While larger studies are needed to confi rm these fi nd-
ings, enteral nutrition supplementation could be considered 
as an alternative or as an adjunct to maintenance drug ther-
apy in Crohn’s disease. 

 It has been demonstrated that EEN acts primarily by 
inducing mucosal healing and thus may prolong clinical 
remission of the disease [ 28 ,  46 ,  47 ]. In open-label study by 
Borelli comparing polymeric formulas to corticosteroids, 
there were signifi cantly more patients who achieved muco-
sal healing as compared to steroids (75 % vs. 33 %) [ 35 ]. 
It has been also suggested that EEN may have an anti- 
infl ammatory action by modifying the gut microbiota based 
on the studies evaluating the effect of EEN on microfl ora in 
active CD [ 30 ,  48 ]. In the study by Tjellstrom et al., 79 % of 
the children with small bowel/colonic CD responded clini-
cally positively to EEN treatment showing decreased levels 
of proinfl ammatory acetic acid as well as increased concen-
trations of anti- infl ammatory butyric acids and also of vale-
ric acids, similar to the levels in healthy age-matched 
children [ 49 ]. Table  37.1  summarizes various nutritional 
interventions including enteral feedings.

   In spite of the evidence of the utility of EEN in induction 
and remission of CD, this therapy has been overall poorly 
accepted, and there is a wide variability in its use with only 
4 % of North American gastroenterologists utilizing the 
nutritional therapy frequently versus 62 % of their Western 
European colleagues ( p  < 0.0001) [ 3 ] practicing the treat-
ment of active CD in pediatric population [ 50 ].  

    Various Nutritional and Dietary Approaches 
in the Management of IBD 

 There is evidence that restrictive diets may improve disease 
activity and prolonged time relapse [ 51 ,  52 ]. Rajendran 
et al. used food-specifi c IgG4 levels to exclude selective 
foods based on high levels of IgG4 including eggs and beef 
with the utilization of such a restrictive diet demonstrating 
signifi cant symptomatic improvement and reduction in the 
erythrocyte sedimentation rate compared to the pretreat-
ment period [ 52 ]. In addition a few defi ned diets have been 
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considered as having a potential benefi cial impact in patients 
with IBD [ 11 ]. These diets include the specifi c carbohydrate 
diet (SCD), the low FODMAP diet, the Paleolithic diet, and 
the semi-vegetarian diet. Both the SCD and the low 
FODMAP diets restrict the intake of cereal grains and meat 
with the FODMAP diet restricting certain fruits and vegeta-
bles, while the LSD diet allows their intake [ 11 ]. The data 
supporting the use of these restrictive diets is overall lim-
ited, and it mainly focuses on the FODMAP diet in IBD 
patients [ 53 ,  54 ]. 

 Geary et al. evaluated the effect of low FODMAP diet in 
72 patients with IBD (52 CD and 20 UC) and demonstrated 
overall symptomatic improvement with reduction of bloat-
ing, diarrhea, and abdominal pain in both CD and UC 
patients [ 54 ]. Specifi cally for Crohn’s disease, effi cacy was 
associated with dietary adherence and ineffi cacy with nonad-
herence [ 54 ]. There is also some evidence that the semi- 
vegetarian diet may be benefi cial in IBD patients. 

 Chiba et al. showed an advantage of the semi-vegetarian 
diet as compared to an omnivorous diet in maintaining clini-
cal remission (93 % vs. 33 %) [ 55 ]. Table  37.2  summarizes 
these various dietary interventions. The link between these 

diets and the presence of certain bacteria has been evaluated. 
These specifi c diets can lead to bacterial overgrowth. The 
presence of bacterial overgrowth may result in increased 
intestinal permeability as well as fermentation of carbohy-
drates leading to increased intestinal production of short- 
chain organic acids with direct toxic effects on the intestinal 
mucosa. This again brings us to the theory that food and 
enteric bacteria interact with each other and thus together 
play a role in the development and establishing the clinical 
course of the disease [ 15 ,  21 ].

   The examples of other studied dietary interventions 
include the effects of omega-3 fatty acid supplements, gluta-
mine, and TPN [ 56 ,  57 ]. Omega-3 fatty acid supplements 
have been found to be not effective on preventing relapses of 
CD based on the large study by Feagan et al. [ 56 ]. The 
Cochrane meta-analysis by Turner et al. evaluated the effi -
cacy of omega-3 fatty acids vs. placebo for maintenance 
based on 1,039 studies and reported potential benefi t of fi sh 
oils [ 58 ]. However, the results need to be interpreted with 
caution given signifi cant heterogeneity noted between stud-
ies. Glutamine supplementation, known to ameliorate the 
infl ammatory response in intensive care, has been also con-

   Table 37.1    Summary of recent studies of nutritional interventions in IBD   

 Type of nutritional interventions  Type of study 
 Number of 
study patients 

 Primary 
outcome  Results 

 Conclusion 
( p  values)  Reference 

 Maintenance therapy in CD: enteral 
nutrition (EN) vs. control (CO) 
  A: 50 % calories as enteral feed vs. 
normal food 

 A: randomized 
controlled 

 51 adults  Relapse  A: 
  EN: 9/25 
  CO: 16/25 

 A: EN benefi cial 
( p  = 0.05) 

 A: 39 

  B: Elemental feeding (EL) at night 
and low fat diet during day vs. 
normal diet 

 B: non-randomized 
controlled 

 40 adults  Relapse  B: 
  EL: 5/20 
  CO: 13/20 

 B: EL benefi cial 
( p  = 0.03) 

 B: 40 

 Elemental vs. polymeric enteral 
nutrition for acute therapy in CD 

 Cochrane 
meta- analysis of 10 
studies (2007) 

 334 adults  Remission  Odds ratio: 1.10 
(0.69–1.75) 

 Elemental is equal 
to polymeric diet 
( p  = NS) 

 [ 36 ] 

 Low fat vs. high fat enteral nutrition 
as acute therapy in CD 

 Cochrane 
meta- analysis (2007) 

 209 adults  Remission  OR 1.13  NS  [ 36 ] 

 Enteral nutrition vs. corticosteroids 
for acute therapy in CD 

 Cochrane meta- 
analysis (2007) of 7 
studies 

 352 (37 
children) 

 Remission  OR 0.33 (0.21,0.53) 
advantage of steroid 
treatment 
 OR 1.18 with only high 
quality studies OR 1.18 

 Advantage of 
steroids noted 
( p  = <0.00001) 

 [ 36 ] 

 Enteral nutrition vs. corticosteroids 
for acute therapy in pediatric CD 

 Meta-analysis of 5 
studies 

 147 children  Remission  Equally effi cious  <0.03  [ 43 ] 

 Intravenous nutrition (TPN) vs. 
normal diet as control- (CON) as 
adjunct to corticosteroid therapy in 
IBD (UC and CD 

 Randomized 
controlled 

 36: 27 UC 
and 9 CD pts 

 Colectomy  UC: 
  TPN: 9/19 
  CON: 6/17 

 NS  [ 65 ] 

 Intravenous nutrition (TPN) vs. 
normal diet as control- (CON) as 
adjunct to corticosteroid therapy in 
IBD 

 Randomized 
controlled 

 43 pts (27 
UC/16 CD) 

 Colectomy 
and fatal 
outcome 

 UC: 
 TPN: 10/15 (1 death) 
 CON: 6/12 (1 death) 
 CD: none 

 NS  [ 66 ] 

   *No difference when only high quality studies re-analyzed  
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sidered, but there is no suffi cient evidence supporting benefi ts 
of its use [ 59 ,  60 ]. Kumar et al. evaluated also the role of cur-
cumin supplementation in maintenance therapy in patients 
with UC and reported some benefi ts in the use of this supple-
ment [ 61 ]. While initial studies suggested the benefi t of par-
enteral nutrition (TPN) in the improvement of CD symptoms 
during bowel rest, subsequent studies including meta-analy-
sis demonstrated no advantages in inducing a maintained 
remission but considered adjunctive therapy for IBD patients 
requiring bowel rest and nutritional repletion [ 62 – 66 ].   

    Summary 

 In summary, there is scientifi c evidence that diet may play a 
role in the pathogenesis of IBD and lead to an increased dis-
ease incidence. The diets high in total fat, polyunsaturated 
fatty acids (PUFAs), omega-6 fatty acids, and meat have 
been found to be associated with increased risk of IBD. 
A higher intake of fi ber and fruits was noted to correlate with 
a decreased CD risk, while higher intake of vegetables with 
a decreased risk of UC [ 4 ,  67 ]. 

 The recent studies including animal models have 
 speculated the infl uence of diet on the gut microbiome and 
demonstrated interactions between specifi c diets, various 
bacteria, genetic susceptibility, and immune responses in 
IBD, allowing guidance in future human trials. 

 Various studies looking at the dietary and nutritional 
approaches in the management of IBD did not reveal any 
striking benefi ts; therefore, there are no enforced recommen-
dations regarding the adherence to any specifi c dietary and 
nutritional interventions in the management of IBD. This is 

likely caused by a lack of large prospective control trials 
investigating the benefi ts. However, available studies of vari-
ous exclusive nutritional and dietary approaches including 
EEN, low FODMAP diet, and semi-vegetarian diet suggest a 
potential benefi t for patients with IBD [ 68 ]. This may be 
achieved by minimal exposure of the intestinal lumen to the 
selected food and nutrients, thus reducing intestinal mucosal 
infl ammation and leading to longer remission in IBD patients 
[ 11 ]. This has been particularly demonstrated through EEN 
interventions found to be used for induction and remission of 
CD in pediatric population [ 69 ,  70 ]. 

 Future well-designed studies are mandated to investigate 
both rationale for the specifi c diet utilization and its effi cacy. 
As for now, our general dietary and nutritional recommenda-
tions should be individualized and based on patient’s ability 
to identify the diets and specifi c nutrients that can worsen 
their symptoms but also should take into account the current 
knowledge based on the available studies which in time will 
be strengthened by better designed and larger studies.     
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        Introduction 

 Total parenteral nutrition (TPN) is the provision of all known 
essential dietary substances. This includes macronutrients 
(carbohydrate, in the form of dextrose monohydrate; protein, 
in the form of free amino acids; and fat, in the form of a long- 
chain triglyceride-based lipid emulsion), fl uid, electrolytes 
(sodium, potassium, bicarbonate in the form of acetate, chlo-
ride, and magnesium), minerals (phosphorous, in the form of 
a phosphate, and calcium), trace elements (zinc, copper, and 
selenium, and possibly chromium), and vitamins (A, thia-
mine, niacin, pyridoxine, ribofl avin, B12, C, D, E, K, biotin, 
and pantothenic acid). Typically, this is administered as a 
1–3-l solution via a large central vein. A more dilute solution 
can be administered via a peripheral vein. Parenteral nutri-
tion (PN) is indicated when a patient is unable to consume 
suffi cient nutrients and fl uid necessary to maintain normal 
nutritional and hydration status or correct undernutrition  and  
the gastrointestinal tract is either nonfunctional or not suffi -
ciently functional as to allow suffi cient oral consumption of 
nutrients and fl uid or the administration of suffi cient quanti-
ties of nutrient and fl uid via a feeding tube. For patients with 
ulcerative colitis, this is a very unusual situation that mani-
fests only when the patient has severe or fulminant colitis 
and/or develops abdominal pain or cramping that limits the 
amount of luminal nutrient that can be provided or in the 

postoperative patient (e.g., following colectomy) where there 
is a prolonged ileus (e.g., greater than 5–7 days). Under these 
circumstances, PN is used as an adjunctive therapy, but not 
as a primary therapy. Patients with toxic megacolon should 
be made nil per os and PN initiated, although it should be 
weaned off prior to surgery. Home PN is not indicated for a 
patient with ulcerative colitis with the exception of the 
extremely unusual patient who manifests moderately severe 
or severe malnutrition, cannot tolerate suffi cient enterally 
provided nutrients, and requires colectomy once they have 
been repleted nutritionally. In general, aside from this degree 
of undernutrition, colectomy should not be postponed in an 
attempt to improve nutritional status. It must be recognized 
that in this situation, serum visceral protein concentrations 
are likely to be low on the basis of the acute phase response 
and protein-losing enteropathy/colopathy rather than because 
of undernutrition. 

 For the rare patient with ulcerative colitis that requires PN, 
a goal should be set with a time table delineated. A complete 
history and physical examination is the best tool for the gross 
assessment of the nutritional status of an individual patient. It 
must be recognized that individuals who have experienced 
signifi cant weight loss (e.g., >10 % over a 6-month period) 
are at increased risk for development of both macro- and 
micronutrient defi ciencies. A history should be geared toward 
assessment of the clinical symptoms of specifi c nutritional 
defi ciencies, while attention during the physical examination 
should be provided to the detection of loss of subcutaneous 
fat, muscle wasting, dependent edema (of in the presacral 
region of a bed-ridden patient), ascites, and cutaneous rashes 
associated with specifi c nutritional defi ciencies. 

 In general, the following guidelines may be used to deter-
mine the PN formula: 25–30 kcal/kg/day for nutritional 

mailto: a.buchman@hotmail.com


414

maintenance and 35 kcal/kg/day (or more if required) for 
weight gain and 1–1.5 g/kg/day of amino acids. Maintenance 
fl uid is generally required at a dose of 1 ml per kcal, although 
patients with severe diarrhea may require additional fl uid. 
Additional potassium, magnesium, and acetate may need to 
be provided to replace fecal losses and maintain normal acid/
base status. Because of the substantial risk for contamination 
of the central venous catheter, appropriate catheter care tech-
nique should be utilized, and the catheter reserved for use of 
PN. This includes the complete avoidance of the catheter for 
sedation in the endoscopy suite! There is also a risk for 
development of central venous thrombosis, both within and 
surrounding the catheter, which may be increased during the 
heightened infl ammatory state of severe colitis. These risks 
are no different with the use of a peripherally inserted central 
venous catheters (PICCs).  

    Parenteral Nutrition in Patients 
with Ulcerative Colitis 

 There is very little data concerning the use of parenteral 
nutrition (PN) either as primary therapy or even as adjunctive 
therapy in patients with ulcerative colitis (UC). Most reports 
consist of open-labeled case series during which patients 
received concomitant corticosteroids. Often, patients with 
Crohn’s colitis were grouped together with those having 
UC. Reported follow-up was often brief and generally 
included only the immediate hospitalization; little objective 
data was presented. Patients were categorized as being in 
“remission” or having a “response,” although this was often 
described subjectively in the absence of objective criteria. 
This chapter will focus on the use of parenteral nutrition in 
patients with ulcerative colitis. 

 In 1970, Gimpel and Schilling from the University of 
Oklahoma reported that 72 days of postoperative total paren-
teral nutrition (TPN) improved the nutritional status of a 
malnourished patient with severe UC who required colec-
tomy but who had been unable to eat suffi ciently due to mul-
tiple postoperative complications [ 1 ]. This was the fi rst time 
TPN had been used in a patient with UC, although it was 
used primarily for nutritional support rather than to induce 
remission of the underlying disease. In 1973, Fischer et al. 
described the use of TPN in four patients with UC who were 
prescribed complete bowel rest; concomitant medical ther-
apy was not described [ 2 ]. Only one of the four patients 
avoided colectomy during that admission. In 1974, Truelove 
and Jewell described their experience with 49 patients with 
“severe” UC in whom a 5-day regimen of PN had been pre-
scribed [ 3 ]. Thirty-six of the 49 patients had achieved 
 “remission” by the end of the 5-day course of PN, and in 
addition, some patients were described as having a “partial 
response.” All patients received concomitant corticosteroids. 

Approximately 2/3 of the patients that achieved remission 
remained symptom-free for a mean of 3 years following 
PN. Subsequently, Truelove’s experience in 100 patients was 
reported in which 60 % achieved remission [ 4 ]. In 1976, 
Dean et al. described fi ve patients with UC that were pro-
vided with PN but in whom colectomy was still required in 
four of the fi ve during the hospitalization [ 5 ]. Reilly et al. 
reported a series of 11 patients (including the four patients 
described by Fischer et al. [ 2 ]), all of which with the excep-
tion of one required colectomy during their hospital admis-
sion despite the use of PN. Postoperative complications were 
more frequent in a historic control group that had not received 
PN [ 6 ]. Most patients were treated with corticosteroids in 
addition to PN. Fazio reported 1/4 of patients that received 
PN achieved remission during their hospitalization and did 
not require colectomy [ 7 ]. Elson described the University of 
Chicago experience of ten patients, “refractory” to cortico-
steroids, in whom three had “signifi cant” improvement after 
a mean of 21 days of PN [ 8 ]. These patients were able to 
avoid colectomy for 5–43 months. 

 Dickinson et al. reported the results of one of only two 
prospective, randomized, controlled trials of PN in UC [ 9 ]. 
The study was small and underpowered, although similar 
outcomes were described in patients that received PN (6 of 
13 achieved remission) without oral food intake and the con-
trol group (8 of 16 achieved remission); there were some 
long-term remissions in both groups. All patients received 
corticosteroids. Sitzman et al. reported the results of a series 
of patients that failed oral prednisone (83 %) as outpatients 
and were admitted to hospital for TPN and intravenous cor-
ticosteroids (91 %) [ 10 ]. Five of 22 patients were discharged 
without requirement for colectomy, although only 4 of those 
achieved long-term remission that ranged between 15 and 
56 months. McIntyre et al. reported the results of the other 
randomized, controlled trials. Similar to the results reported 
by Dickinson et al., 6 of 15 patients with “severe” UC who 
were nil per os (NPO) and received PN achieved remission, 
compared with 7 of 12 that achieved remission while on an 
oral diet; all patients received concomitant corticosteroid 
therapy [ 11 ]. Gonzalez-Huix et al. randomized patients with 
severe UC (using the Truelove-Witt criteria) to receive PN or 
total enteral nutrition, the latter of which utilized nasoenteric 
feeding with a polymeric formula [ 12 ]. Ten of 20 patients 
that received TPN achieved remission compared with 12 of 
22 enterally fed patients. 

 The use of TPN does not appear to have clinical benefi t as 
a primary means for induction of remission in patients with 
UC (Table  38.1 ). However, it may be a useful adjunctive 
therapy when patients have toxic megacolon or who are oth-
erwise unable to eat because of severe abdominal cramping. 
There appears to be no additional benefi t from PN itself in 
patients with UC who are otherwise able to eat or to receive 
enteral nutritional support. The use of PN in patients with 
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UC has been associated with increased mortality after adjust-
ment for age, sex, comorbidity, health insurance, and geo-
graphic location and whether the hospital where they were 
hospitalized was urban/rural and teaching/nonteaching or 
whether the facility was small or large [ 13 ]. However, the 
severity of the underlying UC was a likely factor in that 
“sicker” patients who are more likely to be malnourished and 
less likely to have suffi cient spontaneous oral intake (or in 
whom enteral nutritional support is not tolerated) are more 
likely to require or receive PN. In fact, an initial requirement 
for PN is a predictor for corticosteroid refractoriness [ 14 ] as 
well as increased hospital length of stay and in-hospital mor-
tality [ 15 ]. Therefore, the European Society for Enteral and 
Parenteral Nutrition (ESPEN) concluded in their 2009 guide-
lines that “Except in complicated UC or in the peri-operative 
period, PN is not indicated to treat undernutrition in UC…” 
although “PN is indicated as an adjuvant to other forms of 
medical treatment—but not as primary treatment—and is 
used in severe attacks of UC only when enteral nutrition is 
not tolerated or there are contraindications for its use (e.g. 
impending or established toxic megacolon, colonic perfora-
tion, or massive colonic bleeding [ 16 ]). It was further con-
cluded that “in contrast” to Crohn’s disease, artifi cial 
nutrition—both enteral and PN—does not have a primary 
therapeutic effect in UC.
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   Table 38.1       The use of parenteral nutrition in patients with ulcerative 
colitis   

 Study  Remission rate  Follow-up 

 Gimpel/Schilling [ 1 ]  ?  72 days 
 Truelove/Jewell [ 3 ]  60/100 (60 %)  Up to 3 years 
 Dean et al. [ 5 ]  1/5 (20 %)  Same admission 
 Reilly et al. [ 6 ]  1/10 (10 %)  Same admission 
 Fazio et al. [ 7 ]  ¼ (25 %)  Same admission 
 Elson et al. [ 8 ]  3/21 (15 %)  5–43 months 
 Dickinson et al. [ 9 ]  6/13 (46 %)  Same admission 
 Sitzman et al. [ 10 ]  5/22 (23 %)  Same admission 

(15–56 months) 
 McIntyre et al. [ 11 ]  6/15 (40 %)  Same admission 
 Gonzalez-Huix et al. [ 12 ]  10/20 (50 %)  Same admission 
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        Introduction 

 The natural history of ulcerative colitis (UC) is characterised 
by a relapsing-remitting course and less often by a continuous 
active course. More than half of patients will inevitably relapse 
within a calendar year following a fl are of disease. In controlled 
clinical trials in quiescent UC, the annual relapse rate of pla-
cebo-treated patients ranges from 38 to 76 % [ 1 ,  2 ]. Repetitive 
fl ares and chronic active disease may lead on to complications 
and hospitalisations and increase the risk of colectomy and 
colorectal cancer. Therefore, it is recommended that all patients 
receive maintenance therapy [ 3 ]. An exception is probably a 
small proportion of patients with a very mild course of disease 
for which intermittent therapy may be an option [ 3 ,  4 ].  

    Defi ning Remission in Ulcerative Colitis 

 Ulcerative colitis cannot be cured by medical therapy. The 
goal of maintenance therapy is to prolong periods of remission 
without steroids, improve the quality of life and social func-
tion and reduce the risk for colorectal cancer [ 3 ]. However, 
defi ning “remission” in real life and in the world of the clinical 
trials varies considerably [ 5 ,  6 ]. Patient’s and physician’s per-
ception of “remission” is the absence of clinical symptoms of 
active disease and discontinuation of steroids, if these were 
used to control the most recent fl are. In clinical trials, “remis-
sion” is usually defi ned by clinical (e.g. “absence of a fl are” or 

“time to a fl are”) and/or endoscopic (mucosal healing) but 
rarely histologic criteria. The stringency of these criteria varies 
remarkably. For instance, “fl ares” may be defi ned as the 
“appearance of bloody diarrhoea” or “the need for steroids,” 
whereas mucosal healing may be graded by a different score 
of the same grading system, for instance, as score 0 or 1 in the 
Mayo grading system. In many recent trials, the true impact of 
maintenance therapy on remission cannot be ascertained 
because patients with active UC achieving remission on a ther-
apeutic regimen continue on the same regimen in the mainte-
nance phase without re-randomisation to active therapy or 
placebo [ 7 – 10 ]. These methodological limitations render clin-
ical trials diffi cult to compare and may be accounted for some 
of the discrepancies in effi cacy outcomes. Interestingly, many 
studies and even society guidelines [ 3 ,  4 ] have not incorpo-
rated histologic criteria in the defi nition of remission. The lat-
ter may underestimate the impact of sustained clinical 
(steroid-free remission), endoscopic (complete mucosal heal-
ing) and histologic remission (absence of persisting active 
mucosal infl ammation and/or basal plasmacytosis) on the 
long-term outcome of disease [ 11 – 16 ]. A critical evaluation of 
clinical trials in UC reveals that tight control of endoscopic 
and histologic infl ammation is associated with longer periods 
of remission, fewer complications, hospitalisations and colec-
tomies, maintenance of social function and a decreased risk 
for colorectal cancer [ 4 ,  11 ].  

    Selecting the Appropriate Maintenance 
Therapy 

 The medical armamentarium to prevent relapses of UC 
includes sulfasalazine and its 5-ASA derivatives, thiopurines 
and biological agents. Maintenance therapy should be cost 
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effective, appropriate and safe. The choice should depend 
largely on careful evaluation of various individual risk fac-
tors for relapse, disease extent, activity and severity, patient 
preferences and ability to adhere to a lifelong therapy (see 
Tables  39.1 ,  39.2  and  39.3 ).

     Extent of disease is important. Patients with extensive coli-
tis (E-UC) are at higher risk for complications and colectomy 
and usually need more intensive therapy than patients with 
shorter extent of disease. In contrast, patients with distal  disease 
are in higher needs of topical therapy. Suboptimal treatment 

may lead onto proximal extension of ulcerative proctitis 
(UP) or left-sided colitis (L-UC) in up to 50 % of patients and 
usually marks a more refractory course of disease [ 17 ,  18 ]. 
Maintenance therapy should adapt to the clinical pattern and 
course of disease. A severe fl are or frequent relapses indicate 
failure of prior maintenance therapy and mandate intensifi ca-
tion of treatment to recapture steroid-free remission. 

 Adherence is the most important factor that determines 
relapse. Non-adherence to mesalamine increases the likeli-
hood of relapse at least fi ve times [ 19 ,  20 ]. 

 Finally, close monitoring is vital to maintain sustained 
remission even in asymptomatic patients in order to prevent 
the long-term sequelae of disease.  

    Effectiveness of Medications 
for Maintenance of Remission 

    Aminosalicylates 

    Sulfasalazine and Oral Aminosalicylates 
 Several meta-analyses have assessed the effi cacy and safety 
profi le of sulfasalazine and the newer aminosalicylates 
for  remission maintenance of quiescent UC [ 21 – 25 ]. 
Sulfasalazine in daily doses of 1–4 g has demonstrated a 
dose–response effect and can maintain remission in 71–89 % 
of patients [ 26 ,  27 ]. In the 2006 Cochrane systematic review, 
oral 5-ASA preparations at doses ranging from 0.8 to 4 g per 
day were superior to placebo in maintaining clinical and/or 

   Table 39.1    Factors determining the choice of maintenance therapy in 
ulcerative colitis   

 1. Disease-related 
    (a)  Extent of disease 
    (b)  Activity and severity of disease 
      •  Frequency of fl ares 
      •  Failure of prior maintenance therapy 
      •  Severity of the most recent fl are 
      •  Mode of treatment of the most recent fl are 
 2. Patient-related 
    (a)  Patient preferences 
    (b)  Adherence 
 3. Medication-related 
    (a)  Effectiveness 
    (b)  Appropriateness 
    (c)  Safety 
    (d)  Cost 
    (e)  Availability 

  Adapted from [ 3 ,  4 ]  

   Table 39.2    Risk factors for relapse in ulcerative colitis   

   1. Adherence to treatment 
   2. Young, single status 
   3. Low-fi bre diet 
   4. Intestinal infections 
   5. Medications 
       (a) Nonsteroidal anti-infl ammatory drugs (NSAIDs) 
       (b) Antibiotics 
   6. Seasonal factors 
   7. Stressful events of life 
   8. Clinical factors 
       (a) Disease activity and severity 
       •  Shorter interval between relapses 
       •  Severity of the most recent relapse 
       •  Need for steroids 
       •  Slow response to steroids 
       (b) Active extra-intestinal manifestations 
   9. Persistent elevation of serum C-reacting protein 
 10. Endoscopic and histologic factors 
       (a) Lack of mucosal healing 
       (b)  Persistent basal plasmacytosis and active infl ammatory 

infi ltrate at colonic histology 

  Adapted from [ 3 ,  4 ,  15 ,  16 ,  18 ]  

   Table 39.3    Demographic, environmental, clinical, serological, endo-
scopic and histologic risk factors for relapse of ulcerative colitis   

 1. Demographic 
    (a)  Young age 
    (b)  Being single 
 2. Environmental 
    (a)  Perceived and/or actual “stressful” events of life 
    (b)  Low-fi bre diet 
    (c)  Infections 
    (d)  Nonsteroidal anti-infl ammatory drugs 
    (e)  Antibiotics 
 3. Clinical 
    (a)  Shorter interval between relapses 
    (b)  Severity of the most recent relapse 
      •  Need for steroids 
      •  Slow response to steroids 
    (c)  Presence of active extra-intestinal manifestations 
 4. Serological 
    (a)  Persistent elevation of serum C-reacting protein 
 5. Endoscopic 
    (a)  Lack of mucosal healing 
 6. Histology at colonic (rectal) biopsies 
    (a)  Persistent basal plasmacytosis 
    (b)  Active infl ammatory infi ltrate despite clinical remission 
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endoscopic remission with a pooled odds ratio of 0.47 [95 % 
confi dence interval (CI), 0.36–0.62 and a number needed to 
treat (NNT) of 6] [ 20 ]. This meta-analysis demonstrated 
that sulfasalazine was more effective [OR 1.29 (95 % CI, 
1.05–1.57)] and had a similar adverse event profi le to mesa-
lamine [OR 1.16 and 1.31, respectively] but has been criti-
cised for including only patients who tolerated sulfasalazine. 
These results have been challenged by the recent large meta- 
analysis of Ford et al. [ 22 ] that confi rmed that sulfasalazine, 
mesalamine, balsalazide and olsalazine were effective at 
preventing clinical relapse [11 trials of 6–12 months dura-
tion, 849 5-ASA treated vs. 653 placebo-treated patients, 
RR of 0.65,  p  = 0.02, NNT of 4], endoscopic relapse (3 tri-
als, RR of 0.56,  p  = 0.01, NNT of 4) or both (6 trials, RR of 
0.59, NNT of 4) without any signifi cant differences between 
5-ASA formulations. Nonetheless, subgroup analysis 
showed superiority over placebo of sulfasalazine (RR of 
0.45, NNT of 3) and mesalamine (RR of 0.65, NNT of 4) 
but not olsalazine (RR of 0.72). In another two meta- 
analyses, sulfasalazine and mesalamine were equally effec-
tive to balsalazide for remission maintenance, but balsalazide 
was superior to sulfasalazine for withdrawals due to adverse 
events (RR of 0.17,  p  = 0.001) [ 23 ,  24 ]. Regarding compari-
sons between mesalamine formulations, Ito et al. [ 25 ] per-
formed a 12-month non- inferiority trial and found no 
signifi cant differences in the proportion of patients without 
bloody stools between a 2.4 g/day pH-dependent release 
and a 2.25 g/day time-dependent mesalamine formulation. 
5-ASA formulations were shown to maintain remission irre-
spective of the extent of disease [ 26 ,  27 ]. 

 Based on these results, sulfasalazine should be recom-
mended as the fi rst-choice maintenance treatment in UC due 
to its effi cacy and lower cost, whereas mesalamine, olsala-
zine and balsalazide should be reserved for patients intoler-
ant of sulfasalazine [ 4 ]. However, as the optimal maintenance 
dose of sulfasalazine (4 g/day) cannot be tolerated by a sig-
nifi cant proportion of patients, most gastroenterologists 
incline to use the newer 5-ASA preparations because they 
are better tolerated at greater than equivalent doses of 
 sulfasalazine [ 3 ,  28 ,  29 ]. 

 The optimal maintenance mesalamine dose is unknown. 
An Italian study documented that 1.2 g/day oral mesala-
mine was equally effective to 2.4 g/day for remission main-
tenance [ 12 ]. In another study, the minimum effective dose 
of oral mesalamine was 0.8 g/day, but an incremental ben-
efi t for patients receiving 1.6 g/day was shown [ 30 ]. 
However, although a clear dose–response at doses over 
0.8 g 5-ASA has never been convincingly demonstrated, 
dose-ranging studies in patients who required doses of 
mesalamine up to 4.8 g/day to achieve remission have not 
been performed [ 31 ]. In fact, there is some evidence that 
higher doses may be more effective. Thus, in a 1-year 
 prospective controlled trial, per protocol analysis of data 

demonstrated that 3.0 g of oral mesalamine (Salofalk ® ) 
once daily was superior to 1.5 g once daily or 0.5 g three 
times weekly (86 %, 67 % and 78 %, respectively,  p  = 0.024) 
[ 32 ]. In a meta-analysis of seven randomised clinical trials, 
5-ASA doses greater than 2.0 g/day were more likely to 
reduce the risk for relapse for 6–12 months compared to 
doses lower than 2.0 g/day, but the quality of the trials that 
were subjected to analysis was not optimal [ 22 ]. Indirect 
evidence comes also from a post hoc analysis of two clini-
cal trials with Multi-Matrix (MMX) mesalamine in mild-
to-moderate UC [ 10 ] where 196 of 218 (89.9 %) patients 
who achieved remission and were maintained on the induc-
tion dose of mesalamine were still relapse free after 1 year, 
indicating that the higher doses that induced remission are 
expected to maintain also high rates of remission. 

 Once-daily dose of mesalamine is equally effective and 
safe, better tolerated and preferred by patients over divided 
daily doses [ 12 ,  13 ,  33 – 35 ]. This effect appears to be similar 
across all studies irrespective of the mesalamine formulation. 
A single tablet of 1.2 g MMX mesalamine was as effective as 
twice-daily dosing (2.4 g) in maintaining clinical remission 
(88.9 % vs. 93.2 %) and combined clinical and endoscopic 
remission (64.4 % vs. 68.5 %) for 12 months; both dosing 
regimens demonstrated a similar adverse event profi le and 
very high adherence rates [ 13 ]. In another  single- blinded 
study, 2 g delayed-release 5-ASA granules (Pentasa ® ) once 
daily were superior to 1 g twice daily in maintaining remis-
sion of quiescent UC for 1 year (70.9 % vs. 58.9 %, respec-
tively,  p  = 0.024) [ 33 ]. In a very large study, 1.6–2.4 g 
mesalamine (Asacol ® ) once daily was not inferior to twice- 
daily dosing in maintaining remission of quiescent UC for 
1 year (85.4 % vs. 85.4 %, respectively) [ 34 ]. Additionally, 
mesalamine granules once daily at a dose of 1.5 g daily was 
more effective than placebo to maintain remission over a 
6-month period. Finally, 2.4 g MMX mesalamine once daily 
was equally effective to 2.4 g/day pH-modifi ed release mesa-
lamine (Asacol ® ) in divided doses at preventing clinical and/
or endoscopic relapse of quiescent UC [ 35 ].  

    Topical 5-ASA 
 The effi cacy and safety of various formulations (supposito-
ries, foam and liquid or gel enemas) and dosing regimens of 
rectally administered mesalamine have been assessed in con-
trolled clinical trials and case series for maintenance of 
remission of UP, “distal” colitis (“proctosigmoiditis”) and 
L-UC [ 36 – 41 ]. 5-ASA is delivered to the upper rectum by 
suppositories and to the rectosigmoid area by foam enemas. 
Liquid enemas may deliver the active compound up to the 
splenic fl exure, but the actual area of distribution varies 
between individuals, depending on the length of the sigmoid 
colon, the volume and the viscosity of the enema. 

 The advantage of the topical (rectal) therapy is that deliv-
ering the active compound directly to the affected area in 
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less frequent dosing schedules increases its effectiveness 
and reduces systemic availability and adverse effects. 
In controlled clinical trials, the overall effi cacy of topical 
mesalamine to prevent clinical and/or endoscopic relapse of 
UP and L-UC for 1 year ranges between 52 and 80 % [ 4 ]. 
Corresponding fi gures for placebo-treated patients range 
between 11 % and 53 % and are statistically lower than 
active treatment in almost all clinical trials. Topical mesala-
mine administered intermittently three times or even twice 
weekly is at least equally effective to oral sulfasalazine and 
mesalamine [ 18 ,  38 ,  42 ,  43 ]. However, unlike older mesala-
mine formulations, oral MMX mesalamine which aims at 
delivering 5-ASA more evenly throughout the colon has not 
been tested against topical therapy in quiescent UC. The fre-
quency of topical administration depends largely on patient 
tolerance, frequency of prior fl ares and treatment regimen 
used to induce remission of the most recent fl are and may 
range from 1 g per day to 1–4 g every third day [ 18 ,  44 ]. 
Topical steroids including the newer formulations with 
low systemic bioavailability have not shown maintenance 
effi cacy [ 3 ,  4 ,  18 ,  45 ].  

    Combination of Oral and Topical 5-ASA 
 The combination of oral and topical 5-ASA is superior to 
oral or topical therapy alone at preventing relapse of quies-
cent UC [ 46 ,  47 ]. There are no additional safety signals com-
pared to oral or topical therapy, but the long-term tolerance 
of treatment is debatable. Topical therapy is usually adminis-
tered intermittently. Combined treatment should be consid-
ered as an escalation of therapy for patients who have 
relapsed despite optimal oral or topical 5-ASA monotherapy 
[ 3 ,  4 ,  18 ,  44 ].   

    Thiopurines 

 The quality of evidence for the effi cacy of thiopurines, aza-
thioprine (AZA) and 6-mercaptopurine (6-MP) in maintain-
ing remission of UC is rather poor. It comes from retrospective 
uncontrolled observational cohorts from tertiary centres, 
uncontrolled case series and small prospective controlled tri-
als [ 48 – 63 ]. These studies being few, heterogeneous, of lim-
ited size, diverse methodology and varied outcome measures 
have yielded confl icting results. Consequently, meta- analyses 
and systematic reviews of the literature cannot offer a precise 
estimate of the effi cacy of thiopurines as maintenance agents 
in UC. Thus, although in the 2007 Cochrane meta-analysis 
[ 64 ] based on four randomised controlled trials of 12-month 
duration AZA was superior to placebo at preventing relapse 
with an odds ratio of 0.41 (95 % CI 0.24–0.70), Leung et al. 
[ 65 ] in their recent review suggested that AZA is only mod-
estly effective in inducing and maintaining remission in 
UC. In another meta-analysis of six trials that included 124 

patients treated with AZA or 6-MP, the mean maintenance 
effi cacy of thiopurines was 60 % versus only 37 % in con-
trols (OR 2.56, 95 % CI 1.51–4.34) [ 66 ]. The pooled OR was 
2.59 (95 % CI 1.26–5.3) with an absolute risk reduction of 
23 % and a NNT of 5 when only studies of thiopurines ver-
sus placebo were analysed. However, these results have been 
criticised for methodological fl aws of the studies that were 
included in the meta-analysis. Khan et al. [ 67 ] analysed 
recently only three randomized controlled trials, all with 
“unclear risk of bias”, that included 127 patients with quies-
cent UC followed for 9–12 months and found that AZA was 
superior to placebo at preventing relapse (RR = 0.60; 95 % 
CI = 0.37–0.95;  p  = 0.03, NNT = 4). Additionally another 
meta-analysis found similar fi ndings. 

 Despite published evidence, thiopurines have been rec-
ommended by experts and societies’ practice guidelines 
[ 3 ,  4 ,  18 ] for nearly 40 years as steroid-sparing and remis-
sion maintenance agents (see Table  39.4 ). Thiopurines are 
 especially indicated for patients who cannot tolerate, 
respond, be waned from or relapse early after discontinua-
tion of oral steroids, for thiopurine-naïve patients who have 
achieved long- term sustained remission on infl iximab (IFX) 
monotherapy or combined with AZA and are considered for 
discontinuation of IFX and, fi nally, for hospitalised thiopu-
rine-naïve patients responding to intravenous steroids or to 
second-line therapy with a fast-acting agent, such as intrave-
nous cyclosporine or tacrolimus who need to be bridged to a 
steroid- sparing agent [ 3 ,  68 ,  69 ]. For these indications, thio-
purines are likely to maintain clinical remission in approxi-
mately 40–70 % of patients’ mucosal healing [ 4 ] and steroid 
sparing [ 70 ], resulting in a signifi cant reduction in hospitali-
sations and colectomies [ 58 ].

   The daily dose of AZA is 2.5 mg/kg and of 6-MP is 
1–1.5 mg/kg. Treatment may be started at low doses (50 mg 
AZA or 25 mg 6-MP) and increased gradually if tolerated by 
50 mg for AZA or 25 mg for 6-MP in order to achieve the 
target dose over a period of 2 months. A dosing strategy based 
on TPMT testing is discussed in Chaps.   13     and   14    . Frequent 

   Table 39.4    Indications for thiopurines as maintenance agents in 
 ulcerative colitis   

 1.  Intolerance of 5-ASA 
 2.   Frequent relapses despite maximum dose of oral and topical 

5-ASA 
 3.  Intolerance of steroids 
 4.  Mild-to-moderate steroid-dependent disease 
 5.  Relapse soon after discontinuation of oral steroids 
 6.  Oral steroid-refractory disease in combination with infl iximab 
 7.  Clinical response/remission a  achieved on 
     (a)  IV steroids 
     (b)   IV cyclosporine or IV tacrolimus, infl iximab, adalimumab, 

golimumab or vedolizumab 

   a Thiopurine-naïve patients  
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white blood cell (WBC) and platelet count should be  performed 
to avoid early leucopenia. Since late leucopenia and liver tox-
icity may develop at any time, patients should be monitored at 
regular intervals with WBC and platelet counts and liver func-
tion tests. If the WBC and/or the platelet count drops below 
3.000/ml and 80.000/ml, respectively, thiopurines should be 
tapered or stopped temporarily. Adherence can be monitored 
by frequent consultations, checking the mean volume of red 
blood cells (MCV) or by measuring 6-MP metabolites. There 
is insuffi cient evidence to recommend monitoring the response 
to thiopurines by sequential measurements of 6-MP metabo-
lites over the traditional approach of frequent clinical consul-
tations and laboratory tests [ 4 ]. 

 Relative leucopenia, a higher MCV and being older may 
predict response to AZA [ 54 ]. Effi cacy appears to be higher 
in patients with shorter disease duration [ 70 ,  71 ]. There are 
no studies comparing the effi cacy of AZA to 6-MP for remis-
sion maintenance. The doses of 6-MP in observational 
cohorts are probably lower to AZA doses, but the overall 
effi cacy appears to be similar [ 4 ,  49 – 54 ]. 

 Co-administration of thiopurines and 5-ASA increases 
6-TGN metabolites in a dose-dependent manner. This inter-
action may result in myelotoxicity in a small proportion of 
patients but may theoretically be benefi cial for patients who 
are refractory to thiopurines [ 72 ]. Whether these are clini-
cally meaningful is questionable. Two small studies and a 
Cochrane meta-analysis have suggested that 5-ASA offers 
no advantage to AZA for the maintenance of remission 
[ 63 ,  73 ,  74 ]. However, many gastroenterologists incline to 
continue 5-ASA as a colorectal cancer preventive agent. 

 Although there is limited evidence to recommend certain 
duration of treatment [ 3 ], treatment should probably be indef-
inite [ 75 ]. AZA-withdrawal studies have demonstrated con-
sistently that UC will inevitably relapse shortly after abrupt 
cessation of treatment [ 63 ,  72 ]. In an Oxford cohort, the pro-
portion of IBD patients in remission after withdrawal of AZA 
was 0.63 at 1 year and 0.35 at 5 years [ 54 ]. It is also unclear 
whether disease extent, duration of treatment and concomi-
tant use of 5-ASA infl uence relapse [ 54 ,  72 – 74 ]. Prolonged 
use of thiopurines may increase the risk of lymphoma, but 
the magnitude of this risk has not been completely defi ned 
[ 3 ,  4 ,  76 ,  77 ]. A recent meta-analysis suggests that a mini-
mum of 1 year is needed for the risk of lymphoma and also 
that this occurs more commonly in men than women. Men 
have a greater risk than women (RR = 2.05;  p  < 0.05); both 
sexes were at increased risk for lymphoma (SIR for 
men = 3.60; 95 % CI, 2.68–4.83 and SIR for women = 1.76, 
95 % CI, 1.08–2.87). Patients younger than 30 years had the 
highest RR (SIR = 6.99; CI, 2.99–16.4); younger men had the 
highest risk. The absolute risk was highest in patients older 
than 50 years (1:377 cases per patient year). In any case the 
risk of prolonged treatment needs to be balanced against col-
ectomy at an individual level. 

 It is also questionable whether the full dose of thiopurines 
is needed to maintain long-term remission. However, under-
dosing may lead onto relapse of disease without preventing 
drug toxicity.  

    Anti-TNFα Agents 

    Infl iximab 
 Two large studies, ACT 1 and ACT 2, have assessed the 
 effi cacy of IFX in patients with moderate-to-severe UC 
refractory to steroids, immunomodulators (ACT 1 and 2) 
and/or 5-ASA (ACT 2) [ 7 ]. Remission rates at week 30 
(ACT 1 and 2) and at week 54 (ACT 1) were assessed only 
in patients who had achieved clinical response or remission 
at week 8 after induction with IFX (5 or 10 mg/kg at weeks 
0, 2 and 6) or placebo and continued IFX schedule therapy 
(5 or 10 mg/kg) or placebo every 8 weeks. Remission rates 
were signifi cantly higher for IFX groups in ACT 2 at week 
30 (26 % vs. 36 % vs. 11 % for 5 mg/kg and 10 mg/kg IFX 
or placebo, respectively) and in ACT 1 at week 54 (34 % for 
combined IFX groups vs. 17 % for placebo). In ACT 1, com-
plete mucosal healing defi ned as a Mayo score 0 or 1 at week 
54 was superior for IFX than placebo-treated patients (55 %, 
57 % and 22 %, for 5 mg/kg, 10 mg/kg IFX and placebo, 
respectively). Although the gain in steroid-free remission at 
week 54 (ACT-1) was only 14 % for the 5 mg/kg arm and 
9 % for the 10 mg/kg IFX over placebo (10 %), IFX resulted 
in a signifi cant reduction in hospitalisations and colectomies 
[ 78 ]. The degree of mucosal healing at week 8 did not predict 
subsequent outcome of UC but was associated with a signifi -
cant reduction in the likelihood for colectomy at 1 year [ 79 ]. 
Extended treatment with IFX for up to three additional years 
was effective in maintaining remission and well tolerated 
without any additional safety signals [ 80 ]. 

 Numerous uncontrolled case series have been reported on 
patients with UC of varied degrees of severity and refractori-
ness to prior therapies who were treated with IFX alone or 
combined with AZA for variable periods of time. Although 
these data are diffi cult to subject to group analysis, a nonsys-
tematic review [ 81 ] and a systematic review [ 82 ] of the lit-
erature have confi rmed the effi cacy and safety of IFX to 
induce and maintain clinical response, remission, mucosal 
healing and wane steroids in a considerable proportion of 
patients with active moderate-to-severe UC. 

 Colectomy-free survival after IFX therapy was investi-
gated in four studies. Gustavsson et al. [ 83 ] reported on a 
3-year follow-up of patients who received a single infusion 
of 4–5 mg/kg IFX as salvage therapy for severe intravenous 
steroid-refractory UC. Overall, 12/24 (50 %) of IFX-treated 
patients versus 16/21 (76 %) of placebo-treated patients 
underwent colectomy ( p  = 0.012). Lack of mucosal healing 
at 3 months after the single infusion of IFX predicted 
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 subsequent colectomy. In a cohort of 121 patients from 
Leuven [ 84 ] and in a French cohort of 119 patients [ 85 ], who 
were treated with IFX for a median of 33 (IQR 17.0–49.8) 
months and 18 (IQR 8–32) months, respectively, predictors 
for colectomy were the lack of short-term response to IFX, 
baseline levels of CRP ≥5 mg/l [ 84 ] or ≥10 mg/l [ 85 ], prior 
treatment with intravenous steroids [ 84 ] and/or ciclosporin 
[ 84 ,  85 ] and an indication of IFX for severe UC [ 85 ]. In a 
Canadian cohort, 46/115 (40 %) of UC patients treated with 
IFX and/or immunomodulators came to colectomy after a 
median of 5.3 months. Patients with a detectable serum IFX 
trough level but not antibodies to IFX had higher rates of 
remission (69 % vs. 15 %;  p  < 0.001) and endoscopic 
improvement (76 % vs. 28 %,  p  < 0.001). In contrast, an 
undetectable serum IFX was highly predictive of increased 
risk for colectomy (55 % vs. 7 %, OR 9.3; 95 % CI 2.9–29.9; 
 p  < 0.001). Concomitant use of immunomodulators did not 
infl uence the clinical outcomes [ 86 ]. 

 In a recent trial involving patients with steroid-refractory 
UC who were naïve to immunomodulators and anti-TNF 
therapy, patients were assigned randomly to receive intrave-
nous infusions of infl iximab (5 mg/kg at weeks 0, 2, 6 and 
14) plus daily oral placebo capsules, oral azathioprine 
2.5 mg/kg daily plus placebo infusions on the infl iximab 
schedule or combination therapy with the two drugs. 
Corticosteroid-free clinical remission was evaluated at week 
16 as a primary end point. Corticosteroid-free remission at 
week 16 was achieved by 39.7 % (31 of 78) of patients 
receiving infl iximab/azathioprine, compared with 22.1 % 
(17 of 77) receiving infl iximab alone ( p  = 0.017) and 23.7 % 
(18 of 76) receiving azathioprine alone ( p  = 0.032). Mucosal 
healing at week 16 occurred in 62.8 % (49 of 78) of patients 
receiving infl iximab/azathioprine, compared with 54.6 % 
(42 of 77) receiving infl iximab ( p  = 0.295) and 36.8 % (28 of 
76) receiving azathioprine ( p  = 0.001). Thus, in antitumour 
necrosis factor-alpha-naive patients with moderate-to-severe 
UC treated with infl iximab plus azathioprine were more 
likely to achieve corticosteroid-free remission at 16 weeks 
than those receiving either monotherapy. Combination ther-
apy treatment was associated with better mucosal healing 
than azathioprine monotherapy. 

 Whether UC patients in remission on combined AZA and 
IFX should discontinue AZA is currently unknown. In 
Crohn’s disease, long-term combination therapy is associ-
ated with a higher IFX trough level [ 87 ] and lower rate of 
loss of response to IFX [ 88 ] than IFX monotherapy [ 88 ]. 
Whether the full dose of AZA is required to achieve these 
goals awaits clarifi cation by future trials. However, the ben-
efi ts of any long-term combination therapy should be bal-
anced against the increased risk for infections and/or 
malignancies especially in young male patients [ 84 ,  88 – 91 ]. 
On the other hand, bridging with IFX to AZA monotherapy 
in AZA-naïve patients may be easier to achieve in UC than 

in Crohn’s disease. In any case, the decision to stop IFX and 
continue on AZA should be discussed only for patients in 
long-standing sustained steroid-free clinical, serologic (nor-
mal CRP), endoscopic (mucosal healing) and/or histologic 
remission who have a detectable IFX trough level. Again, 
safety issues, patient preferences, adherence, cost and also 
the risk of no response or allergic reaction upon re-treatment 
with IFX should be considered in decision-making.  

    Adalimumab 
 Adalimumab (ADA) has been approved for the treatment of 
UC. Initially, preliminary evidence from small trials and ret-
rospective case series suggests that ADA may be effective 
and safe in achieving and maintaining long-term clinical 
response or remission, mucosal healing, steroid sparing, 
improving quality of life and reducing colectomies in patients 
who have failed almost all prior therapies [ 92 – 97 ]. 
Concomitant use of AZA was the only independent factor 
predicting response to ADA in one trial [ 95 ]. Recently, a 
large controlled trial was reported in 494 patients with 
moderate- to-severe UC who had failed treatment with ste-
roids, immunomodulators and/or IFX (40.3 % of the ITT 
population). Patients were randomised 1:1 to placebo or 
ADA ( n  = 248, 160/80 mg sc at week 0 and 2 and then 40 mg 
every other week). Dose escalation of ADA was allowed. 
At weeks 8, 52 and both 8 and 52, signifi cantly more patients 
on ADA achieved clinical remission and response. 
Signifi cantly more patients with prior IFX failure achieved 
clinical remission or response on ADA than placebo at week 
52 and sustained clinical response at both weeks 8 and 52. 
The therapeutic gain in steroid-free remission rate at week 
52 was only 7.6 % in favour of ADA but was still signifi -
cantly statistically superior to placebo (5.7 %,  p  = 0.035). 
Adverse events were not signifi cantly different between 
ADA and placebo [ 98 ].  

    Golimumab 
 Golimumab is a subcutaneously administered fully human 
anti-TNF antibody, previously approved for the treatment of 
rheumatoid arthritis, ankylosing spondylitis and psoriatic 
arthritis. The treatment of ulcerative colitis recently gained 
regulatory approval for induction and maintenance of remis-
sion in patients who have moderate-to-severe ulcerative coli-
tis based on the data in two registration trials. There has been 
one randomised placebo-controlled trial [Program of 
Ulcerative Colitis Research Studies Utilizing an 
Investigational Treatment-Subcutaneous (PURSUIT-SC)] 
that assessed induction therapy with subcutaneous golim-
umab in anti-TNF-α-naive patients with moderate-to-severe 
ulcerative colitis (Mayo score 6–12 points with an endo-
scopic subscore >2 points) not responding to conventional 
therapy with oral mesalamine, oral corticosteroids, and 
AZA/6-mercaptopurine or unable to taper corticosteroids 
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without recurrence of ulcerative colitis activity. The 
 subsequent PURSUIT-M randomised placebo-controlled 
trial assessed the effi cacy and safety of golimumab in main-
taining clinical response in patients who responded to induc-
tion treatment with golimumab in the preceding PURSUIT-SC 
trial. Golimumab was shown to be more effi cacious than pla-
cebo in inducing clinical response, remission and mucosal 
healing and improving quality of life. 

 Based upon the date from these two clinical trials, 
Golimumab is initially administered subcutaneously at the 
dose of 200 mg at week 0 followed by 100 mg at week 2 and 
after that every 4 weeks.  

    Vedolizumab 
 Vedolizumab is the most recent agent for treatment of ulcer-
ative colitis (and Crohn’s disease) to gain regulatory approval. 
The effi cacy of treatment with vedolizumab in ulcerative 
colitis was assessed. 374 patients were randomised to either 
drug or placebo as part of induction. The response for week 
6 was measured by the Mayo score and documented mucosal 
healing. 

 During induction, 47.1 % of the patients on vedolizumab 
versus 25.5 % of the patients on placebo achieved remis-
sion ( p  < 0.001). A second cohort of patients received open-
label vedolizumab, and responders from both cohorts were 
included in the maintenance trial that evaluated clinical 
remission at week 52. Patients were randomised to receive 
the drug every 4 or 8 weeks or a placebo. A total of 41.8 % 
of patients maintained remission when receiving medica-
tion every 8 weeks compared to 44.8 % who received the 
drug every 4 weeks; patients who received placebo had 
maintenance of remission at a rate of 15.9 %. There was a 
statistically signifi cant difference in maintenance of remis-
sion between patients who received the drug every 8 weeks 
versus placebo ( p  < 0.001) and those receiving the drug 
every 4 weeks versus placebo ( p  < 0.001). Based on this 
data, the drug was approved for use in adults with moder-
ate-to-severe ulcerative colitis when one or more standard 
therapies (corticosteroids, immunomodulators or tumour 
necrosis factor blocker medications) have not resulted in an 
adequate response.    

    Additional Therapies 

    Methotrexate 

 Several small retrospective case series mostly in patients 
intolerant or unresponsive to thiopurines have claimed satis-
factory results of methotrexate (MTX) for maintenance of 
remission in UC [ 55 ,  99 – 101 ]. However, a small subthera-
peutic trial did not show maintenance effi cacy of oral 
12.5 mg MTX once weekly since 64 % of the 14 patients 

receiving MTX compared to 44 % of 18 placebo-treated 
patients relapsed within 9 months of follow-up ( p  = 0.25) 
[ 102 ], and a Cochrane systematic review confi rmed these 
negative results [ 103 ]. Based on these data, MTX is not cur-
rently recommended for maintenance therapy for UC [ 3 ]. At 
present, there is a multicentre trial (ClinicalTrials.gov 
Identifi er: NCT01393405) evaluating the effi cacy of metho-
trexate 25 mg subcutaneously once weekly as a maintenance 
therapy for patients with ulcerative colitis in remission.  

    Omega-3 Fatty Acids (Fish Oil) 

 Several studies have evaluated the role of diverse formula-
tions and dosing regimens of omega-3 fatty acids in the 
maintenance of remission of UC, yielding confl icting results 
[ 104 – 107 ]. A 2007 Cochrane meta-analysis did not show 
any maintenance benefi t of omega-3 fatty acids over placebo 
[ 108 ]. A more recent meta-analysis included only two ran-
domised controlled trials and concluded that enteric-coated 
preparations of fi sh oil are safe and probably effective at pre-
venting relapses of UC [ 109 ]. However, data are still insuf-
fi cient to recommend fi sh oil as a treatment modality for 
preventing relapses in quiescent colitis [ 3 ].  

    Antibiotics and Probiotics 

 Small trials with the antibiotics ciprofl oxacin and metronida-
zole offer insuffi cient evidence to recommend their use as 
maintenance treatment for UC [ 110 – 112 ]. 

 The Nissle 1917 strain of     E. coli  is the most extensively 
studied probiotic for the maintenance of remission in 
UC. Evidence comes for three randomised controlled trials 
and one prospective open-label trial. All these studies have 
reported exceptionally high relapse rates. In the fi rst study, 
11 % of patients treated with 1.5 g/day 5-ASA relapsed after 
3 months compared to 16 % of patients treated with  E. coli  
Nissle 1917 [ 113 ]. The second was a randomised induction 
and maintenance of remission study where patients with 
active colitis who had achieved remission on 2.4 g/day 
5-ASA or 200 mg/day  E. coli  strain Nissle 1917, in associa-
tion with oral gentamicin, and variable doses of oral and/or 
rectal steroids were randomised to probiotic monotherapy 
( n  = 79) or 1.2 g/day 5-ASA ( n  = 87). After 12 months, 67 % 
of patients on the probiotic versus 73 % on 5-ASA had 
relapsed [ 114 ]. The last study was a 12-month non- 
inferiority study conducted in 327 patents with long-stand-
ing quiescent UC. Relapse rates on 1.5 g/day 5-ASA were 
not signifi cantly different from an equivalent dose of  E. coli  
Nissle 1917 (36 % vs. 45 %, respectively) [ 115 ]. Similar 
results were obtained in a small prospective open-label 
12-month trial in young patients with quiescent UC [ 116 ]. 
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Based on these results, it can be assumed that  E. coli  strain 
Nissle 1917 may be an effective alternative for the mainte-
nance of remission in patients who cannot tolerate or 
develop adverse events to 5-ASA. 

 Studies with other probiotics have usually serious meth-
odological limitations to offer convincing evidence for effec-
tiveness as maintenance agents for UC in adults. However, a 
large trial of Zocco et al. demonstrated that patients treated 
for 1 year with Lactobacillus GG (18 × 10 9  viable bacteria/
day), 5-ASA 2.4 g/day or the combination had similar clini-
cal and endoscopic remission rates at 6 and 12 months [ 117 ].  

    Appendectomy 

 Appendectomy performed for true acute appendicitis at a 
young age reduces signifi cantly the risk for subsequent 
development of UC [ 118 ,  119 ]. Prior appendectomy may 
also infl uence the course of colitis, decreasing the needs for 
immunosuppressive treatment and colectomy [ 120 ]. 
Nonetheless, it is unclear whether appendectomy performed 
after the diagnosis of UC exerts a benefi cial effect on the 

subsequent course of colitis [ 121 ]. Consequently, there is 
insuffi cient evidence to recommend appendectomy as a 
potential disease modifi er.   

    Recommendations for Maintenance 
of Remission According to Location 
and Activity of Disease 

    Extensive Colitis 

 In clinical practice, oral 5-ASA at doses >2 g/day (or equiva-
lent) is used for induction of remission [ 3 ]. It is recom-
mended that patients should continue on the same dose to 
prevent relapse (see Fig.  39.1 ) [ 10 ]. Although the optimal 
maintenance dose of mesalamine has not been documented, 
doses greater than the minimum effective dose (1.2 g/day) 
[ 12 ] may be necessary for patients who require higher doses 
to achieve remission [ 10 ]. Since analysis of effi cacy data 
offers no direct evidence of superiority of any 5-ASA prepa-
ration, the choice of the oral 5-ASA agent for maintenance 
therapy should be based on local availability, cost, patient’s 

  Fig. 39.1    Management algorithm for patients with extensive ulcerative 
colitis according to the therapeutic regimen that was used to induce 
clinical remission of disease.  5 - ASA  5-aminosalicylic acid,  AZA  aza-

thioprine,  6 - MP  6-mercaptopurine,  IFX  infl iximab,  biw  twice weekly, 
 eod  every other day       
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preferences and potential to increase adherence and avoid 
side effects [ 3 ,  122 ]. Once-daily dosing increases adherence 
without compromising effi cacy and safety. Renal function 
should be monitored at regular intervals.

   Patients who relapse on oral 5-ASA will benefi t from 
addition of topical 5-ASA. If remission is achieved, it should 
be maintained on combined oral and topical therapy [ 3 ,  4 , 
 18 ]. The minimum effective dose of topical 5-ASA for E-UC 
is 1 g as liquid or gel enema three times a week. However, 
dosing schedules ranging from 1 g/day to 1 g once weekly 
may be required depending on disease behaviour. Patients 
achieving remission on oral steroids and/or 5-ASA or steroid 
enemas should receive the maximum dose of oral and topical 
5-ASA for maintenance (see Fig.  39.1 ) [ 18 ]. 

 Patients truly refractory to and/or intolerant of 5-ASA 
should receive thiopurines as maintenance therapy. A short 
course of steroids may bridge to the effect of thiopurines. 
Patients intolerant of 5-ASA may benefi t from treatment 
with  E. coli  Nissle 1917 at a dose of 200 mg/day (corre-
sponding to 50x10 9  viable  E. coli  bacteria), but there are cur-
rently insuffi cient data regarding its long-term effi cacy; 
availability and reimbursement may constitute additional 
barriers for widespread use. 

 Patients with steroid dependency or intolerance should 
also be treated with thiopurines. 6-MP can substitute for 
AZA in patients who develop gastrointestinal intolerance to 
AZA. Concomitant use of 5-ASA may benefi t patients who 
are refractory to thiopurine monotherapy but may increase 
the risk for leucopenia in some patients [ 72 ]. Patients who 
relapse on AZA/6-MP should be evaluated for adherence 
and treatment should be optimised before switching to 
another drug category. 

 IFX in combination with AZA should be the maintenance 
treatment of choice for ambulatory, thiopurine-naive patients 
with oral steroid-refractory UC who have responded to 
induction therapy with this regimen. The duration of com-
bined treatment and the criteria for stopping IFX or AZA 
have already been discussed. The same strategy is advocated 
for hospitalised patients with intravenous steroid-refractory 
disease who have responded to second-line therapy with 
intravenous cyclosporine or tacrolimus, or IFX. However, 
IFX alone is probably the only option for patients with prior 
AZA/6-MP failure because it offers an effective exit strategy 
to long-term maintenance therapy. ADA and GOL are other 
options to consider for patients with moderate-to-severe 
ulcerative colitis. These agents can be used initially or can be 
used as treatment for patients who are intolerant or have lost 
response to IFX. Additionally, the use of vedolizumab is 
another option for patients who have had inadequate response 
to mesalamine, steroids, immunomodulators or even anti- 
TNF therapy.  

    Left-Sided Colitis 

 For practical reasons, therapeutic trials with mesalamine or 
steroid enemas in L-UC included often patients with distal 
colitis or colitis extending to the splenic fl exure but also 
patients with UP. In all these trials and in a meta-analysis of 
two randomised controlled trials, continuous or intermittent 
administration of rectal mesalamine appears to be at least 
equally effective to oral sulfasalazine, mesalamine and 
olsalazine but superior to placebo in maintaining clinical and 
endoscopic remission of UP and distal colitis for at least 
1 year [ 38 – 44 ]. For patients with disease extending to the 
splenic fl exure, mesalamine liquid or gel enemas were 
equally effective to oral sulfasalazine or 5-ASA preparations 
and are recommended as fi rst-line maintenance therapy or as 
alternative to oral 5-ASA (Fig.  39.2 ) [ 3 ,  4 ,  18 ,  38 – 44 ].

   An algorithm for treating L-UC is given in Fig.  39.3 . 
Patients achieving remission on topical mesalamine should 
continue the same regimen for maintenance. If topical ther-
apy cannot be tolerated, oral 5-ASA is an effective alterna-
tive. Oral 5-ASA should be added if topical therapy is 
insuffi cient. Patients achieving remission on combined oral 
and topical 5-ASA should continue on this regimen for 
maintenance of remission.

   Recommendations for patients with quiescent L-UC 
intolerant or refractory to 5-ASA, steroids and/or thiopurines 
are similar to E-UC [ 3 ,  4 ,  18 ].  

    Ulcerative Proctitis 

 Suppositories are the preferred mesalamine formulation for 
maintenance therapy in UP. 5-ASA foam enemas (not avail-
able in the United States) are an alternative if suppositories 
cannot be tolerated [ 123 ,  124 ]. The usual maintenance dose 
of mesalamine suppositories ranges from 0.5–1.0 g twice 
weekly to 1.0 g/day, depending on the course of UP (see 
Fig.  39.3 ). Intermittent administration improves adherence 
greatly. Some patients may not need maintenance treatment, 
but this carries a risk for proximal extension of disease. 
Patients intolerant of topical therapy should receive oral 
mesalamine at a daily dose of 1.6–2.4 g (or an equivalent 
dose of sulfasalazine or other 5-ASA preparations). 

 In patients who relapse despite adherence to topical therapy, 
dose escalation to 1.0 g/day 5-ASA at bedtime with adjunctive 
oral mesalamine at a dose of 1.6–2.4 g/day is usually suffi cient 
to recapture and maintain remission. The addition of oral 
5-ASA provides even greater effi cacy than oral or rectal mesa-
lamine monotherapy and may prevent proximal extension of 
disease [ 3 ,  4 ,  17 ]. Daily doses of topical mesalamine above 
1.0 g do not increase the effi cacy of maintenance therapy [ 3 ,  4 ]. 
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 Patients achieving remission on rectal steroids and oral 
mesalamine (2.4–4.8 g/day, or equivalent) or oral steroids 
and rectal 5-ASA or rectal steroids should be maintained on 
the maximum combined oral and topical mesalamine. 
Divided doses may be more effi cacious in frequently relaps-
ing proctitis because 5-ASA is applied more evenly to the 
affected mucosa for 24 h, but in active UP, 1 g mesalamine 
suppositories once daily were not inferior to 1 g in divided 
daily doses [ 125 ,  126 ]. 

 Topical steroids are not recommended for maintenance 
treatment. Intermittent administration of topical steroids 
with low systemic availability has not been assessed in clini-
cal trials for maintenance of remission in UP. Patients with 
steroid-dependent UP and those who cannot maintain remis-
sion on adequate doses of oral and rectal mesalamine should 
be treated with thiopurines as patients with E-UC. 

 The choice of maintenance therapy for refractory UP 
depends upon the therapeutic regimen that induced steroid- 
free remission and prior treatment with AZA/6-MP as dis-
cussed previously for E-UC. AZA/6-MP should be used if 
patients are naïve to thiopurines. Oral or rectal cyclosporine, 
oral or rectal tacrolimus and/or IFX schedule therapy have 
all been used as maintenance therapy in prior thiopurine fail-
ure. Additionally, adalimumab, golimumab and vedolizumab 
should be considered in this patient population. However, if 
disease cannot be controlled and clinical judgement ascer-
tains that persisting symptoms truly impact negatively on 
patient’s quality of life, social function and professional 
activities, surgical options should be discussed. This is 
because the outcome of elective restorative colectomy with 
pouch formation is excellent in patients with proctitis and 
distal colitis and provides a much better quality of life [ 127 ].      

  Fig. 39.2    Management algorithm for patients with left-sided ulcer-
ative colitis according to the therapeutic regimen that was used to 
induce clinical remission of disease.  5 - ASA  5-aminosalicylic acid,  AZA  
azathioprine,  6 - MP  6-mercaptopurine,  IFX  infl iximab,  tiw  three times 

weekly,  eod  every other day. *For topical therapy, liquid (or gel) ene-
mas are recommended for disease extending to the splenic fl exure and 
foam enemas for proctosigmoiditis [ 18 ]       
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     Irritable bowel syndrome (IBS) is one of the most common 
disorders in gastroenterology, affecting 10–15 % of the US 
population [ 1 ] and accounting for one-quarter to one-half of 
all visits to digestive health specialists. With such a high 
prevalence, it may be inferred that a signifi cant number of 
patients with ulcerative colitis (UC) also suffer from coexist-
ing IBS. Indeed, it is widely believed that the prevalence of 
IBS is greater in patients with infl ammatory bowel disease 
(IBD), affecting an estimated one-third of UC patients in 
remission [ 2 – 5 ]. Recent research demonstrating a possible 
association between low-grade infl ammation and IBS high-
lights the interconnecting relationship between infl amma-
tory and functional disorders. 

 Many patients with UC are initially misdiagnosed with 
IBS, leading to delays in initiating effective medical thera-
pies and increasing the risk of disease-related complications. 
Conversely, long after the diagnosis of IBD is made, patients 
and/or their caregivers may either forget a preexisting IBS 
diagnosis or assume that preexisting IBS symptoms were 
actually the unappreciated (and undiagnosed) onset of 
IBD. This becomes an issue when physicians are confronted 
with cases of “refractory UC.” Differentiating between 
infl ammatory and functional symptoms is crucial to avoiding 
inappropriate escalation of misdirected treatments that are 

often ineffective, increase the risk of side effects and 
 drug- induced toxicities, and negatively impact on the patient- 
physician relationship. 

 These diffi cult issues raise several important questions: 
(1) How does one make the diagnosis of IBS in a patient with 
established UC? (2) Does “stress” trigger UC fl ares? (3) Can 
UC or its treatment aggravate IBS? (4) Can IBS be the cause 
for refractory symptoms in a UC patient? (5) How do we 
treat IBS in our UC patients? 

    Prevalence 

 In the USA, two-thirds of patients who seek medical atten-
tion for IBS are women. A survey of healthy college stu-
dents at the University of North Carolina found that 15 % 
of respondents report symptoms attributable to IBS [ 1 ]. 
Thompson and Heaton reported a 14 % prevalence of func-
tional complaints among a healthy English population, 
most of whom had not consulted a doctor [ 6 ]. Among 
patients with IBD, the problem is at least equivalent in 
scope. In a population-based prospective cohort study from 
Manitoba, 14 % of newly diagnosed IBD patients with 
symptoms for >3 years were considered to also have likely 
or possible IBS [ 7 ]. 

 The prevalence of IBS may be higher among patients with 
IBD, probably more so in Crohn’s disease (CD) but clini-
cally relevant in UC nonetheless. Isgar et al. found that 33 % 
of patients with quiescent UC described symptoms that met 
criteria for IBS compared with 7 % of healthy controls [ 2 ]. 
In a Swedish survey, 33 % of UC and 57 % of CD patients 
who had been in remission for at least 1 year reported IBS-
like symptoms [ 3 ]. Another study reported 32 % of UC and 
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42 % of CD patients in remission met Rome II criteria for 
IBS versus 8 % of controls [ 4 ]. Keohane et al. found that 
39 % of UC and 60 % of CD patients fulfi lled Rome II crite-
ria for IBS despite being considered to be in clinical remis-
sion by predefi ned criteria, although fecal calprotectin levels 
were higher in these groups compared with those without 
IBS- type symptoms [ 5 ]. The prevalence of IBS-like symp-
toms in a group of Iranian patients with UC in remission was 
46 % based on Rome II criteria versus 13 % of controls [ 8 ]. 

 These reports highlight the challenges in performing epi-
demiological studies because the Rome criteria are not appli-
cable to patients with IBD and no objective bioassay reliably 
distinguishes between IBD activity and functional symp-
toms. Regardless, the magnitude of the problem among IBD 
patients is at least comparable with the general population, 
probably higher.  

    Diagnosis 

 How does one make the diagnosis of IBS in a patient with 
UC? This is a common clinical dilemma. IBS remains a clin-
ical diagnosis which relies on a careful history. One common 
refrain among patients is “I’ve always had a nervous stom-
ach.” A history of typical functional symptoms going back to 
childhood is an important clue. IBS usually begins in the 
teenage years or in the early 20s, and one-third of patients 
can recall symptoms going back to adolescence. Since one of 
the hallmarks of colitis is rectal bleeding, it is often much 
simpler to date the initial onset of UC as compared with 
Crohn’s. Patients with coexisting IBS may report functional 
symptoms such as alternating bowel habits, postprandial 
urgency, pain and/or bloating relieved by defecation, or 
stress-related diarrhea, especially in the morning or worse 
with certain foods. When such symptoms predate the initial 
onset of rectal bleeding, one may infer that there is a nonin-
fl ammatory component. This can be especially challenging 
when UC began in childhood. 

 Certainly these symptoms can also occur when UC is 
active, but this is where a sigmoidoscopy can help because 
symptoms that are disproportionate to objective fi ndings 
strongly suggest the presence of coexisting IBS. The typical 
patient with predominantly functional symptoms may 
 complain of marked urgency and diarrhea, yet have only 
minimal or quiescent endoscopic disease activity. Other 
objective tests such as fecal calprotectin have also proven 
useful [ 9 ]. It is very important to differentiate between 
infl ammatory and noninfl ammatory causes of symptoms. 
Although IBS patients often have a perception that their 
symptoms are due to active UC, caregivers must avoid rein-
forcing such misperceptions. 

 Inappropriately starting or escalating IBD therapies in such 
patients may have several deleterious consequences, including: 

(1) potential toxicities of misdirected treatments, (2) side 
effects of some IBD medications can actually worsen IBS, (3) 
failure to respond leading to being mislabeled as “refractory 
UC,” (4) somatic symptoms may be reinforced and perpetuate 
a negative cycle that occasionally leads to narcotic depen-
dence and/or depression, and (5) the physician- patient rela-
tionship may suffer. The importance of establishing a 
functional cause for patient symptoms cannot be overstated. 

 There is much interest in developing reliable biomarkers 
and genetic techniques for both IBS and ulcerative colitis. In 
the future, objective and noninvasive tests may help distin-
guish between IBS and IBD. However, a careful history and 
selective use of endoscopy and adjunctive laboratory tests 
are usually adequate to make both diagnoses.  

    Infl ammation and IBS 

 Does IBD predispose to IBS? It is well known that infl am-
mation is associated with intestinal irritability, motility dis-
turbances, and visceral hypersensitivity [ 10 – 12 ]. Animal 
models of experimental and infectious colitis reveal that 
motility changes persist after resolution of acute infl amma-
tion [ 13 ,  14 ]. Interestingly, colonic irritability can be dem-
onstrated even when a preceding infection was limited to 
the proximal small bowel. In humans, we have indirect evi-
dence showing differences in colonic motility and visceral 
hypersensitivity in patients with quiescent versus active 
ulcerative colitis [ 15 ,  16 ]. Small bowel and gastric dysmotil-
ity have been demonstrated in patients with ulcerative coli-
tis [ 17 ], suggesting that active UC may lead to more 
generalized gut- motor dysfunction even in areas distant 
from the infl ammation. 

 Immunology has traditionally been the realm of IBD, but 
recent interest has focused on the presence of immune acti-
vation in IBS. This pertains to both innate and adaptive 
immune responses as evidenced by numerous studies which 
have demonstrated increased activation of proinfl ammatory 
cytokines, mast cells, and monocytes in the peripheral blood 
and mucosa of subpopulations of patients with IBS [ 18 ]. 
There is experimental evidence in IBS that increased epithe-
lial barrier permeability, and gut bacteria may drive a host 
immune response characterized by T-cell activation and 
chronic low-grade infl ammation [ 18 ]. Sounds familiar? 
While a complete review of the immunopathogenesis of IBS 
is beyond the scope of this chapter, it is interesting to specu-
late: Are shared pathways of immune activation in IBD and 
IBS responsible for the signifi cant overlap between these 
two syndromes frequently encountered in the clinic? 

 It is unknown whether ulcerative colitis causes IBS 
because its very presence affects measurable parameters 
such as motility and permeability. However, there is a condi-
tion which may provide insight: postinfectious IBS. 
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    Postinfectious IBS 

 First described in 1962 [ 19 ], postinfectious IBS (PI-IBS) is 
a condition wherein sensory-motor dysfunction persists 
long after resolution of an acute enteric infection. PI-IBS 
has been reported to occur in up to 30 % of individuals fol-
lowing acute bacterial gastroenteritis. Predictors include 
severity of the infection, psychological distress, and persis-
tent low- grade infl ammation. Indeed, it has been hypothe-
sized that psychological stress during an acute infection 
may result in permanent alterations in central and enteric 
nervous system pathways which lead to visceral hypersensi-
tivity and motility disturbances [ 20 ]. Drossman has also 
proposed that psychological distress may lead to a perpetu-
ation of gut infl ammation through psychoimmunologic 
mechanisms. Even in endoscopically normal appearing 
mucosa, studies in humans with PI-IBS have suggested a 
continuing presence of chronic low-grade infl ammation 
with increased gut permeability following resolution of 
acute bacterial gastroenteritis. 

 Several valuable lessons may be drawn from the PI-IBS 
model. The fi rst is that acute infl ammation is an important 
determinant of subsequent irritability. The second is that 
infl ammation and factors important in IBS (motor disorder, 
visceral hypersensitivity) may be linked. Thirdly, the com-
bination of acute infl ammation and psychological distress 
increases the likelihood of developing irritable bowel syn-
drome. Lastly, it is possible that psychological distress or 
even IBS itself may cause or potentiate chronic low-grade 
infl ammation. In other words, can IBS cause or worsen 
IBD? Additional studies are needed to address this intrigu-
ing question.   

    Management of IBS in UC Patient 

 How do we treat IBS when it occurs in patients with UC? A 
constructive physician-patient relationship is important. So 
is a careful history. First, the patient and physician must each 
recognize when symptoms are due to IBS and avoid 
 misattributing them to UC. Indeed, we believe that insight 
and acceptance as to the functional nature of some symptoms 
are fundamental to effective care of the IBS/IBD patient. In 
this respect, the fi rst (and perhaps most important) step in 
management is education and gentle redirection in the form 
of a thoughtful conversation. 

    Diet 

 Medical management starts with conservative dietary and 
lifestyle modifi cations. Many patients report a perception 
that certain foods aggravate their colitis. When ulcerative 

colitis is active, especially when there is severe  infl ammation, 
it is true that certain foods, especially high residue or fatty 
foods, may be diffi cult for an infl amed colon to handle, and 
this can result in worsened symptoms of pain, bloating, and 
diarrhea. However, it is important to note that no single 
dietary factor has been consistently shown to affect disease 
activity in UC. Patients should be educated that certain foods 
may exacerbate symptoms, but what they eat will not worsen 
their disease because UC is an immune system disorder. 
When UC is active, the primary focus should be to fi rst treat 
the infl ammation with appropriate medical therapies and 
then address any residual irritability afterward. 

 Once UC is in remission, dietary management of linger-
ing symptoms is similar to standard recommendations for 
IBS with some important distinctions. A thorough dietary 
history is important, and some patients are helped by keep-
ing a food and symptom diary and then modifying their 
diets accordingly. A useful list for gassy and diarrhea 
patients is included in Table  40.1 . Attempts should be 
made to lessen steatorrhea, gas production, and stool vol-
ume by avoiding caffeine, lactose, fructose, sorbitol, and 
“gassy” foods and adhering to a low-fat diet. Given the 
high prevalence of lactose intolerance, selected patients 
should be encouraged to adhere to a lactose-free diet. If 
lactose intolerance is questionable, patients may test them-
selves with two glasses of skim milk on an empty stomach 
and check for symptoms over the next 2–4 h. Lactose-
hydrolyzed milk and lactase enzymes are widely available. 
Soy derivatives are also a useful alternative. Fructose, 
found in many fruits and fruit juices, is an often underap-
preciated cause of symptoms. Sorbitol is a laxative that is 
also used as a sugar substitute in sugarless gums and many 
dietetic candies. Patients should be told to read labels care-
fully and avoid sorbitol-containing foods. Large, high-fat, 
greasy meals may increase intestinal motility and can be 
particularly troublesome to patients with a spastic bowel, 
hence, the importance of a low-fat diet. Carbonated bever-
ages and gassy foods such as certain raw or uncooked veg-
etables should be avoided because colonic fermentation of 
undigested carbohydrates can produce large amounts of 
gas, which distends the spastic colon. In IBS patients with 
longstanding UC, the colon may be foreshortened, tubular, 
or poorly compliant as a result of prior infl ammation. The 
result can be signifi cant pain, bloating, and diarrhea. Close 
coordination with a dietician can be helpful for those with 
persistent symptoms.

   Caffeine is a potent secretagogue, which deserves special 
mention. Even modest amounts (75–300 mg) cause tran-
sient net small bowel secretion. Dietary methylxanthines 
inhibit phosphodiesterases in small bowel mucosa causing 
chloride and fl uid secretion into the lumen via increased 
intracellular cAMP. Normal people do not have diarrhea 
because the colon can reabsorb this increased fl uid load. 
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However, in patients with both IBS and UC, excessive 
 caffeine intake (such as 1,000 mg per day) can cause severe 
diarrhea. A typical 12 oz cup of coffee has roughly 200 mg 
of caffeine, though this varies widely (a “grande” brewed 
coffee from a specialty coffee shop may have more than 
400 mg). We have found that patients often do not appreci-
ate the amount of caffeine they consume in various forms. 
However, it is important to remember that the average con-
sumption of caffeinated beverages has risen signifi cantly in 
recent years, and patients frequently fail to report even large 
quantities of regular intake either because they don’t realize 

it or due to a misperception that their intake is not excessive. 
Once identifi ed, this problem is easily corrected with a sim-
ple dietary adjustment.  

    Adjunctive Therapies 

 There has been much interest in the use of antibiotics in 
IBS. There is circumstantial evidence that gut fl ora may 
play a role in the pathophysiology of IBS. Indeed, a 2-week 
course of rifaximin, a minimally absorbed antibiotic, at 
550 mg three times a day was found to signifi cantly improve 
symptoms of bloating, abdominal pain, and loose or watery 
stools among patients who had IBS without constipation 
[ 21 ]. This therapeutic approach for IBS was not given FDA 
approval. On the other hand, it may be premature to con-
clude that small intestinal bacterial overgrowth (SIBO) 
causes IBS [ 22 ]. To our knowledge there are no data in 
patients with coexisting IBS/IBD. However, SIBO can com-
plicate IBD and this is more of a problem in Crohn’s than in 
UC. Although commonly used in clinical practice, commer-
cially available breath tests have been criticized for being 
inaccurate at diagnosing SIBO [ 22 ]. Instead, they do accu-
rately measure the speed of small bowel transit, which is 
often increased in IBS patients. We will occasionally give a 
short course of rifaximin for patients with IBS/UC with 
bloating, cramps, and diarrhea or if SIBO is suspected on 
clinical grounds. It is important to avoid repeated courses of 
certain antibiotics due to the high risk of  C. diffi cile  in UC 
patients. The role of the fecal microbiome in patients with 
UC and in patients with IBS is evolving. Perhaps a better 
understanding of the differences will lead to better disease-
specifi c treatments [ 23 ]. 

 Antispasmodics can be used as an adjunct for crampy 
abdominal pain or urgency, especially when symptoms occur 
immediately after eating. We have also found them to be use-
ful for patients who have diffi culty holding mesalamine ene-
mas (instruct patient to take a dicyclomine or hyoscyamine 
tablet and a warm bath before administering the enema to 
help relax the spastic response to rectal and sigmoid disten-
sion). Antidiarrheals are helpful for controlling symptoms of 
diarrhea, although patients should be warned to take only as 
directed. Fiber supplements are also very good adjuncts. For 
diarrhea, fi ber provides bulk to the stool and takes in water. 
For constipation or those with pellet-like or ribbonlike stools, 
fi ber supplements taken with plenty of water help to regular-
ize and give form to movements. For alternators who bounce 
between the two extremes, we have found that fi ber drives 
patients’ bowel habits toward the middle. Care should be 
taken to avoid certain types of dietary or over-the-counter 
fi ber formulations such as psyllium that worsen gassiness 
(Table  40.1 ). Our experience with using tricyclic 
 antidepressants to treat functional gastrointestinal disorders 

     Table 40.1    Gassy foods   

 Gassy foods 

 Vegetables (raffi nose, soluble fi ber)  Artichokes 
 Asparagus 
 Beans 
 Broccoli 
 Brussels sprouts 
 Cabbage 
 Carrots 
 Caulifl ower 
 Celery 
 Cucumbers 
 Green peppers 
 Lentils 
 Onions 
 Peas 
 Potatoes 
 Radishes 
 Shallots 
 Scallions 

 Fruits (fructose or sorbitol)  Apples 
 Apricots 
 Bananas 
 Oranges 
 Peaches 
 Pears 
 Prunes 
 Raisins 

 Dairy (lactose)  Cheese 
 Ice cream 
 Milk 
 Processed foods containing 
milk products
Frozen Yogurt 

 Whole grains (certain types of fi ber)  Barley 
 Flax seed 
 Oat bran 
 Wheat 

 Beverages (fructose, sorbitol, 
carbonation) 

 Beer 
 Diet sodas 
 Fruit juices 
 Soft drinks 
 Wine 
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suggests that they may provide important benefi t in selected 
circumstances. We have also referred some patients for psy-
chotherapy, which may help with coping.  

    Complementary Therapies 

 Alternative therapies such as hypnosis, acupuncture, yoga, 
and other complementary approaches are often employed by 
our patients and should be encouraged when appropriate. 
However, patients should be cautioned to avoid herbal rem-
edies, which may contain laxatives, nonsteroidal antiinfl am-
matory drugs (NSAIDS), or psychotropic ingredients. Many 
such agents also have potent active pharmaceutical ingredi-
ents that may have toxic effects. Since most herbal remedies 
are not regulated and have not been rigorously evaluated in 
large-scale multicenter randomized placebo-controlled stud-
ies, the risks versus benefi ts of individual products are 
unknown, and there is at least theoretical potential that cer-
tain ingredients may worsen IBD. 

 Probiotics are generally considered to be complementary 
therapies. Although various probiotic formulations have 
been used for both IBS and IBD, evidence-based data in 
patients with IBS is lacking and there is no current consensus 
regarding effi cacy. In IBD, there are some reasonable data in 
antibiotic-responsive pouchitis patients and in maintenance 
of moderate UC in remission. It is recognized that (a) patients 
often make use of probiotic supplements, (b) probiotics are 
not subject to FDA regulation, (c) most formulations appear 
to be safe, (d) many are costly and not covered by prescrip-
tion benefi t plans, and (e) further research is needed. This is 
an area of interest in both the IBS and IBD communities.   

    Special Populations 

 The following examples describe commonly encountered 
clinical situations and highlight how a thorough understand-
ing of underlying pathophysiological mechanisms may aid 
in constructing a comprehensive treatment plan for patients 
with IBS/IBD. 

    Postcholecystectomy Syndrome 

 Postcholecystectomy syndrome is a particular problem in 
patients with coexisting IBS and UC. The colon in patients 
with IBS is hypersensitive to distension. This can be mod-
eled experimentally with balloon studies, which induce 
painful spastic contractions in patients with IBS. The clini-
cal correlate occurs when increased volume of gas, fl uid, 
and stool enters the left colon after a fatty meal. The 
increased volume in the colon can cause spasm and pain in 

a patient with IBS and UC. Surgical removal of the 
 gallbladder in patients who already have this physiology can 
result in a “perfect storm” because bile salt wasting and 
maldigestion of dietary fats magnify the problem. The com-
bination of IBS, UC, and cholecystectomy can result in 
severe pain, gassiness, and diarrhea. This syndrome can be 
effectively treated with a low-fat diet, bile salt sequestrants 
such as cholestyramine, and/or antidiarrheals. Narcotics are 
to be carefully avoided. If narcotics are prescribed for left 
sigmoid colon pain, a vicious cycle of chronic pain may 
ensue because narcotic medications enhance the spastic 
response to distension.  

    Active Proctosigmoiditis 

 We are all familiar with the splenic fl exure syndrome in 
which there is a postprandial contraction of the sigmoid 
colon, followed by often painful distension of the proximal 
colon, especially in the area of the more cephalad bowel. 
Since the colons of some patients with IBS are more sensi-
tive to this distension, the pain produced in the left upper 
quadrant can be quite severe. Constipation even in healthy 
subjects can cause one or more symptoms of IBS. 

 Active colitis produces colonic motor changes that are 
magnifi ed in patients with coexisting IBS. An infl amed left 
colon worsens the spastic response to distension and also 
results in increased speed of transit, which may exacerbate 
motility disturbances in patients with coexisting IBS. On the 
other hand, in patients with active proctitis or proctosigmoid-
itis, there can be severe spasm in the sigmoid, which may 
result in seemingly paradoxical complaints of pellet- or rib-
bonlike stools, incomplete evacuation, bloating, and left 
upper quadrant pain similar to splenic fl exure syndrome. 

 The clinical correlate is left lower quadrant pain and diar-
rhea in a patient with IBS and proctosigmoiditis. Patients 
with IBS have exaggerated sigmoid contractions after eating, 
due to an enhanced gastrocolic refl ex. This is especially true 
after large fatty meals, which may worsen the pain even fur-
ther. Active proctosigmoiditis compounds the problem 
because the infl amed rectum and/or sigmoid is even more 
sensitive to distension, and alterations in neurovisceral 
responses produce hyperalgesia. However, symptoms can 
occur even in the absence of signifi cant infl ammation. In this 
case, one must be careful to avoid misdirected and poten-
tially harmful escalation of IBD therapies. Also, in patients 
with proctitis, one may be led to the mistaken impression 
that infl ammation has extended up the left side of the colon, 
as occurs in half of such patients. 

 Another example is paradoxical constipation and left- 
sided abdominal pain in a patient with active proctitis or 
proctosigmoiditis. Splenic fl exure syndrome occurs when 
postprandial sigmoid contractions are followed by painful 
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distension of the hypersensitive proximal colon. In patients 
with IBD, this can occur with or without constipation. It is 
important to recognize this problem. We have seen patients 
with signifi cant active IBD being treated with laxatives on 
the erroneous assumption that the constipation was func-
tional. Indeed, a signifi cant amount of stool may become 
retained in the noninfl amed proximal colon. This can be seen 
on imaging, which often shows a dilated stool-fi lled colon 
leading down to an infl amed sigmoid and rectum. 
Sigmoidoscopy confi rms the presence of active proctosig-
moiditis. Here, the treatment is to escalate IBD therapies, 
which is in contrast to the fi rst example. Again, a thorough 
understanding of the underlying pathophysiology will help 
the astute clinician to distinguish between these situations. 

 Alerting patients to the coexistence of two syndromes—
IBS and IBD—helps them to understand the need to treat 
both disorders simultaneously. In both examples, we treat the 
proctosigmoiditis by stepping up IBD therapies and we treat 
the IBS component with a multifaceted approach. As before, 
conservative dietary approaches include instructing patients 
to avoid large high-fat meals, lactose-containing products, 
and gassy foods (Table  40.1 ) and to lessen their intake of car-
bonation, to utilize dietary bulk such as polycarbophil, and to 
avoid secretagogues such as caffeine. In the fi rst example, 
antidiarrheals and antispasmodics may be employed as 
adjuncts, together if needed. In the case of paradoxical consti-
pation, the gentle use of a laxative such as polyethylene gly-
col-soluble powder should be considered in combination with 
aggressive therapy of the IBD, including the use of topicals 
such as mesalamine enemas. Individuals with severe procto-
sigmoiditis may fi nd it very diffi cult to tolerate enemas. The 
problem can be overcome by advising people to take an oral 
or sublingual antispasmodic immediately prior to introduc-
tion of the enema. Warm baths are also helpful in lessening 
the discomfort from spasm. Narcotic medications should be 
carefully avoided in both instances, because they themselves 
cause a hyperactive sigmoid response, creating a vicious 
cycle of colonic pain and spasm. Emotional stress is known to 
produce severe colonic spasms in susceptible individuals. To 
that extent, psychosocial interventions and/or antidepressant 
medications are occasionally benefi cial. 

 It is important to avoid misattributing functional symp-
toms as “unresponsive colitis.” This may lead to unnecessary 
and potentially detrimental administration of corticosteroids, 
immunomodulators, biologics, and even surgery. Also, the 
potential negative impact on the physician-patient relation-
ship cannot be underestimated.  

    Diarrhea After Colectomy with IPAA 

 A loop of grossly normal small intestine is used to create an 
ileal pouch for an ileoanal anastomosis (IPAA). These 

pouches are expected to store about 300 mL of ileal effl uent 
prior to evacuation. Although the normal ileum gradually 
adapts to this new role, patients’ pouches have differing 
capacities and there is variation in the numbers of bowel 
movements that may be expected in a 24-hs period. It is 
important to remember that in patients with IBS the small 
bowel is as irritable as the colon once was. After IPAA, the 
pouch is hyperreactive to distension, resulting in diminished 
pouch capacity, excessive movements, and painful spasms 
[ 24 ]. Such patients might have relatively more bowel move-
ments or marked urgency or even painful spasm after meals 
or when the pouch is distended. They can only expel half the 
contents of the already small pouch. Irritable pouch syn-
drome (IPS) is characterized by decreased pouch compli-
ance, visceral hypersensitivity to balloon distension, and 
lower-volume thresholds for stool sensation in the absence of 
pouchitis [ 25 ]. Its prevalence at a tertiary referral center with 
a special pouch disorder clinic was 43 % of 61 consecutive 
symptomatic IPAA patients [ 26 ]. 

 The typical patient has functional pain and/or diarrhea 
prior to surgery. This may include a lifelong history of IBS 
symptoms predating the diagnosis of IBD or pain/diarrhea 
which is disproportionate to objective fi ndings preopera-
tively. After surgery, patients with severe IPS may suffer 
greatly, with signifi cant pain and diarrhea as well as seepage, 
nighttime symptoms, marked urgency, and fecal inconti-
nence. Some patients are willing to accept signifi cant symp-
toms (and may not even report them to their doctor) because 
of a fear of needing a permanent ileostomy. On the other 
hand, it is important to elicit the diagnosis because IPS has 
been associated with signifi cant morbidity and poor quality 
of life. Other disorders such as pouchitis, Crohn’s, and 
cuffi tis can be excluded with a pouchoscopy. In the appropri-
ate clinical context with absence of related pouch complica-
tions, the diagnosis of IPS is made. 

 Clinical experience has suggested that this special popu-
lation of patients with IPS have poor outcomes. As before, 
reassurance and patient education as to the underlying prob-
lem forms the cornerstone of conservative therapy and also 
helps solidify the doctor-patient relationship. Because IPS is 
a relatively recently described entity, there is a dearth of lit-
erature regarding medical treatments. Experience suggests 
that patients with IPS can be treated with dietary modifi ca-
tions (low-fat diet), adjunctive agents (anticholinergics, 
antidiarrheals, antispasmodics, bile acid sequestrants), tricy-
clics, and/or an empiric trial of antibiotics for bacterial over-
growth. Studies in this disorder of biofeedback, cognitive 
psychotherapy, and naturopathic or complementary thera-
pies are needed. We have found that refractory cases 
 occasionally require pouch excision. Along these lines, care-
ful consideration should be given to avoiding IPAA surgery 
in patients with severe IBS. One of our patients with IPS 
reportedly committed suicide.   
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    Physician-Patient Relationship 

 We have found it very helpful to explain to the patient with 
irritable bowel syndrome and infl ammatory bowel disease 
that he or she has two disorders and that each may cause its 
own symptoms. Explaining the pathophysiology helps the 
patient understand the nature of their condition. Oftentimes 
patients respond to gentle redirection and reassurance. 
Insight into the role that anxiety plays may go a long way to 
alleviating stress-related symptoms. It is important that 
patients receive positive reinforcement and feel that their 
complaints are being listened to, because adherence with 
medical recommendations is enhanced by a constructive 
doctor-patient relationship. This is increasingly important in 
the current medical climate.     
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        Introduction 

    Ulcerative colitis (UC) is associated with a variety of extrain-
testinal manifestations, and these include a spectrum of hep-
atobiliary diseases. Abnormal liver function tests (LFTs) are 
not infrequently observed in patients with UC. Transient ala-
nine aminotransferase (ALT) elevation has been reported in 
up to one-third of patients during active UC, particularly in 
those with pancolitis [ 1 ,  2 ]. This type of liver abnormality 
does not need specifi c treatment apart from management of 
UC itself and generally resolves within a few weeks to 
months after remission of UC [ 1 ,  2 ]. 

 Hepatobiliary diseases associated with UC can mani-
fest at any time during the course, or even precede the 
diagnosis, of UC. They may present either with symptoms 
(i.e., pruritus, jaundice) and abnormal LFTs or they may 
have an incidental abnormal fi nding on imaging studies 
done for a variety of nonspecifi c reasons. Persistently 
elevated levels of ALT and/or alkaline phosphatase (ALP) 
have been reported in 6–17 % of patients with UC [ 2 – 4 ], 
regardless of disease activity. A number of hepatobiliary 
diseases have been linked to UC and can have protean 
manifestations which can be classifi ed into 3 groups: (1) 
hepatobiliary diseases with  association to UC or possibly 
shared pathogenesis with UC, (2) hepatobiliary  disease 
with association to UC therapy, and (3) hepatobiliary 
diseases encountered in UC, which may relate to physi-
ological changes from UC (  Table 40.1    ). Among these 
abnormalities, the most common conditions include pri-
mary sclerosing cholangitis (PSC), liver steatosis, gall-
stones, and drug-induced liver injury (DILI) [ 2 – 6 ]. Unlike 
several extraintestinal manifestations of IBD, such as the 
skin, eyes, and joints, in which their activity often par-
allels the course of UC, hepatobiliary diseases typically 
do not follow the disease severity course of UC [ 5 ]. In 
addition, immunosuppressive agents (ISAs) used for UC 
can be associated with various forms of drug-induced liver 
injury (DILI), as well as with potential reactivation of 
chronic  hepatitis B.  
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    Hepatobiliary Diseases with Association 
to UC or Possibly Shared Pathogenesis 
with UC 

    Primary Sclerosing Cholangitis (PSC) 

 PSC is a chronic cholestatic liver disease characterized by 
chronic infl ammation and progressive obliterating fi brosis of 
the intrahepatic and extrahepatic bile ducts. It eventually 
leads to portal hypertension, biliary cirrhosis, and liver fail-
ure requiring consideration of liver transplantation. Further, 
patients with PSC are at risk for the development of cholan-
giocarcinoma (CHCA), as well as extrahepatic malignancy 
[ 7 – 9 ]. There is a strong but incompletely understood 
 relationship between PSC and infl ammatory bowel disease 
(IBD), particularly UC. The pathogenesis of PSC has not 
been clearly elucidated; however, it appears to be multifacto-
rial and is closely linked to IBD. 

    Epidemiology 
 PSC is an uncommon disease in the general population. 
Three large population-based cohort epidemiological studies 
from the United Kingdom, the United States, and Canada 
have reported an incidence of PSC to be 0.41, 0.90, and 0.92 
cases per 100,000 person-years, respectively [ 10 – 12 ]. 
Geographic variation in the prevalence of PSC exists; the 
prevalence of PSC, as well as IBD, is lower in the Middle 
East and Asia [ 13 ,  14 ]. PSC generally affects young and 
middle-aged individuals with male preponderance with a 
male to female ratio of approximately 2:1 [ 5 ,  10 – 12 ]. 
Interestingly, a recent cohort from the United Kingdom 
found that approximately 50 % of PSC patients presented 
after the age of 55 years and also demonstrated a nonstatisti-
cally signifi cant trend toward increasing incidence of PSC, 
over time, during the 10-year study period [ 11 ]. PSC has 
been shown to be strongly associated with IBD and is now 
considered the most common hepatobiliary manifestation of 
IBD [ 6 ]. Majority of patients with PSC have associated IBD 
that may be diagnosed at any time during the course of PSC 
and vice versa. Notably, the diagnosis of UC precedes PSC 
in most cases. Most series from Northern America and 
Northern Europe have reported the prevalence of IBD in 
patients with PSC to range between 70 and 81 % [ 9 ,  10 ,  12 , 
 15 ,  16 ]. In patients with IBD and PSC, approximately 
50–90 % have UC, whereas the remaining have Crohn’s dis-
ease (CD) [ 5 ,  8 ,  12 ]. Importantly, CD in patients with PSC 
usually involves the entire colon (Crohn’s colitis or ileocoli-
tis) [ 17 ]. Though the prevalence ratio between UC and CD 
among IBD patients is not exactly known, most data have 
suggested that UC is more prevalent than CD. The preva-
lence of CD in PSC is relatively lower in patients with IBD 
and PSC than in those with IBD alone. The reasons for these 

differences in prevalence between the two IBD conditions 
are unclear. 

 Conversely, the prevalence of PSC in those with IBD is 
much lower and ranges from 2.4 to 7.5 % in patients with UC 
[ 5 ,  18 ] and 1.4 to 3.4 % in patients with CD [ 5 ,  17 ]. Among 
UC patients, the prevalence of PSC is higher in patients with 
substantial colitis (5.5 %) as opposed to limited and distal 
colitis (0.5 %) [ 18 ]. Most of these epidemiological data have 
been derived from IBD-specialized centers in Northern 
America and Northern Europe. However, the data from other 
regions of the world appear to be different and vary substan-
tially. Although not as high as in certain regions in the 
Northern Hemisphere, the prevalence of IBD in patients with 
PSC has been reported to be 21–32 % in Japan [ 19 ,  20 ], 44 % 
in Spain [ 21 ], 50 % in India [ 22 ], and 62 % in the United 
Kingdom [ 23 ]. The reason for this variation is unclear, but 
possibly is due to multifactorial factors such as differences in 
genetic predilection and in the rates of performing colonos-
copy with multiple biopsies in PSC patients across different 
centers, which may then possibly translate into the under- 
and overestimation of colitis [ 24 ]. In addition, in some 
regions with a high prevalence of IgG4-associated disease 
such as in Japan, the reported cases of PSC- and IgG4- 
associated cholangitis (IAC) may somewhat overlap, and the 
former may be classifi ed as the latter condition, thus an 
underreporting of PSC.  

    Pathogenesis 
 The pathogenesis of PSC has been extensively investigated, 
but not completely elucidated. A variety of concepts have 
been implicated (i.e., autoimmunity, host genetic susceptibil-
ity, immunobiology model); however, a single hypothesis 
has not explained all the pathological and clinical features of 
this disease [ 7 ,  25 – 27 ]. As in IBD, the interaction between 
microorganisms and host immune response related either 
directly or indirectly to the biliary system, particularly in the 
background of genetic susceptibility, seems to be the most 
convincing concept. 

    Autoimmunity 
 Evidence of immune dysregulation in patients with PSC is 
suggested indirectly by the presence of a variety of autoanti-
bodies, which are often detected in the serum of patients with 
PSC. The prevalence of autoantibodies in patients with PSC 
has been reported at a rate of 50–88 % for antinuclear cyto-
plasmic antibody (ANCA), 7–77 % for antinuclear antibody, 
13–20 % for anti-smooth muscle antibody, 35 % for anti- 
endothelium antibody, 4–66 % for anticardiolipin antibody, 
4 % for thyroglobulin antibodies, and 15 % for rheumatoid 
factor [ 8 ,  28 ]. Antinuclear-specifi c antibodies are detected in 
up to 88 % of patients with PSC. The immunofl uorescence 
microscopy patterns of these antibodies are distinct from that 
produced by c-ANCA or classic p-ANCA in vasculitic dis-
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eases [ 28 ]. Atypical p-ANCAs (so-called antineutrophil 
nuclear antibody or ANNA) are nonspecifi c and can be 
detected in patients with UC (40–87 %) and autoimmune 
hepatitis type 1 (50–96 %) [ 28 ]. Recently, Terjung et al. sug-
gested that a target autoantigen for atypical p-ANCAs is a 
neutrophil envelop protein called beta-tubulin isotype 5 
(TTB-5) [ 29 ]. 

 Autoimmune disorders, such as type I diabetes mellitus 
(DM) and Grave’s disease, are common in PSC-IBD patients 
which may further suggest the role of autoimmunity in 
PSC. Saarinen et al. reported that 25 % of patients with PSC 
had concurrent autoimmune disease(s), compared to 9 % of 
patients with IBD alone [ 30 ]. In addition, PSC patients 
have an increased frequency of the HLA B8, DR3, and DC2 
haplotypes, which are also common to several autoimmune 
diseases, such as type 1 DM, myasthenia gravis, and thyro-
toxicosis [ 26 ]. However, PSC is more common in men, in 
contrast to female predominance in the majority of other 
autoimmune diseases, and also does not respond to an immu-
nosuppressive therapy such as corticosteroids. Further, spe-
cifi c autoantibodies against biliary system have not been 
identifi ed in PSC. The autoantibodies generally are present 
at low levels and are not useful for the diagnosis or determin-
ing the prognosis of PSC [ 8 ,  26 ]. Therefore, PSC is not a 
classic autoimmune disease, but layers of evidences do sug-
gest a pivotal role for immune-mediating processes in the 
pathogenesis of PSC.  

    Role of Genetics 
 The prevalence of PSC in fi rst-degree relatives and sib-
lings is 0.7 % and 1.5 %, respectively [ 31 ]. This represents 
a nearly 100-fold increased risk for PSC compared with 
general populations, which in turn suggest genetic predis-
position for the development of PSC [ 31 ]. In genetic terms, 
PSC is considered a complex trait whereby polymorphisms 
in several genes together with environmental factors are 
required for disease development [ 27 ]. The major histo-
compatibility complex (MHC) on the short arm of chro-
mosome 6 encodes the HLA molecules that have a critical 
role in T-cell response, and along with MHC class I chain-
like (MIC) ɑ-molecules, which are involved in the innate 
immune function, especially as ligands for natural killer 
cells, may play a role in the pathogenesis [ 7 ]. An associa-
tion between the haplotypes HLA A1-B8-DR3 (particu-
larly with the presence of MICA5.1 and MICB24), DR6, 
and DR2 and susceptibility to PSC is well documented, 
whereas HLA DR4, DR11, and MICA*002 may be protec-
tive [ 25 – 27 ]. 

 A number of non-MHC genes have been evaluated in 
association to PSC, including those related to cytotoxic lym-
phocyte antigen-4 (CTLA-4), chemokine receptor-5 (CCR- 
5), intracellular adhesion molecule-1 (ICAM-1), and matrix 
metalloproteinases (MMPs) [ 7 ,  26 ,  27 ]. The role of these 

immunoregulatory genes in PSC remains unsettled since the 
studies have revealed confl icting results. 

 Whether or not PSC and IBD share similar genetic sus-
ceptibility remains inconclusive. A large Scandinavian 
cohort found that IBD-associated polymorphisms in the 
CARD15, TLR-4, CARD4, SLC22, DLG5, and MDR1 
genes failed to demonstrate their role in patients with PSC 
[ 32 ]. HLA associations found in PSC have been mostly dis-
tinct from those seen in UC, and no signifi cant differences 
were noted between PSC patients with or without concurrent 
UC [ 33 ]. However, recent 3 genome-wide association stud-
ies (GWASs) identifi ed 9 PSC risk loci outside the HLA 
complex including 2q13, 2q16, 2q35, 3p21, 4q27, 6p21, 
9q34, 10p15, and 13q3 [ 34 – 36 ]. Several of these loci are also 
reported to be associated with UC and harbor the putative 
candidate genes REL, IL2, and CARD9 and bile acid recep-
tor TGR-5 [ 36 ,  37 ].  

    Biliary Epithelial Cells and Hepatobiliary Transporters 
 The biliary epithelial cell (BEC) is the primary target of 
immune injury in PSC. Normal BECs express only HLA class 
I, but HLA class II antigens (HLA-DR, DQ, and DP) do 
express in BECs of patients with PSC, and these antigens have 
a potential to initiate immune response triggered by either 
autoantigens or exogenous antigens [ 26 ]. Unlike in controls 
and patients with other liver diseases, autoantibodies against a 
cross-reactive peptide shared by colon and BECs were identi-
fi ed in up to two-thirds of cases of PSC [ 38 ]. Thus, anti-BEC 
antibodies can stimulate the production of infl ammatory cyto-
kines and the expression of CD44 from BECs through TLR-4, 
TLR-9, and extracellular signal- related kinase (ERK) and 
transcription factor [ 39 ,  40 ]. An increased nitric oxide produc-
tion from stimulated BECs has been shown to cause ductular 
cholestasis by inhibition of bile secretion [ 41 ]. 

 Genetic polymorphisms in hepatocellular transport sys-
tem may play a role in PSC. The steroid and xenobiotic 
receptor (SXR) is a ligand-dependent transcription factor 
involved in bile acid homeostasis. Genetic polymorphisms in 
SXR genes appear to adversely modify the disease course of 
PSC [ 42 ]. Knockout of multidrug resistance (MDR2) gene, 
which encodes for canalicular transport of phospholipids in 
mice, results in biliary changes resembling human PSC [ 43 ]. 
However, a study in humans did not fi nd an association 
between PSC and genetic variations of canalicular mem-
brane transporters bile salt export pump (BSEP) and multi-
drug resistance protein type 3 (MDR3) [ 44 ].  

    Role of Microorganisms 
 A role for bacterial or viral antigens in the development of 
PSC has been proposed. Chronic infl ammation of the bowel 
promotes translocation of bacteria and their products, 
through a leaky gut wall into portal circulation, and activates 
Kupffer cells, resulting in peribiliary cytokine/chemokine 
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release, which in turn likely activates infl ammation, isch-
emia, and fi brosis of the biliary system [ 26 ]. More recent 
concepts suggest a role for microorganisms as a molecular 
mimic, triggering immune responses directed against biliary 
epithelium, particularly in the immunogenetically suscepti-
ble host [ 7 ,  25 ,  26 ]. A potential bacterial antigen that may 
mimic autoantigen is the bacterial cell wall division protein 
FtsZ [ 29 ]. This bacterial protein shares high degree of 
 structural homology with human TBB-5 and conserves 
across broad range of bacterial species in gut [ 29 ,  45 ]. The 
role of certain other microorganisms that included 
 Helicobacter pylori , cytomegalovirus, and  Candida spp . in 
the pathogenesis of PSC remains controversial [ 7 ]. 

 Though there is data to support the model of immunobiol-
ogy in PSC, signifi cant peripheral and portal bacteremia has 
not been frequently noted in patients with severe UC who 
have undergone colectomy [ 46 ]. Small bowel bacterial over-
growth leads to strictures in a rat model, but it, as well as an 
increased intestinal permeability, does not seem to play an 
important role in patients with PSC [ 7 ,  47 ].   

    Diagnosis and Clinical Features 
 The clinical presentation of PSC is variable. Majority of 
patients are asymptomatic at presentation and develop 
 symptoms over time [ 5 ]. Symptomatic patients commonly 

present with right upper quadrant abdominal discomfort 
(30–40 %), pruritus (20–40 %), fever (11–35 %), jaundice 
(27–30 %), and weight loss (10–15 %) [ 7 ,  15 ,  16 ,  48 ]. 
Jaundice typically occurs in the setting of disease complica-
tions, i.e., dominant strictures, cholangitis, or in those who 
develop advanced cirrhosis. Fatigue is nonspecifi c and does 
not correlate with liver disease severity. Though fatigue is 
common in PSC patients, its prevalence seems to be similar 
to those with IBD alone [ 49 ]. Physical examination is often 
unremarkable, though hepatomegaly (44–55 %) and spleno-
megaly (~30 %) may be detected by abdominal ultrasound 
(US) [ 7 ,  48 ]. Liver function tests typically show persistent 
elevation of ALP (~3–10 times of the upper limit of normal), 
and majority of patients have mildly elevated serum ALT and 
IgG, with normal bilirubin levels at the time of diagnosis [ 8 ]. 
However, normal LFTs do not exclude the diagnosis of PSC 
[ 8 ]. Serum autoantibodies have neither acceptable sensitivity 
nor specifi city for the diagnosis of PSC [ 7 ,  8 ]. 

 A diagnosis of PSC is based on a constellation of an appro-
priate clinical and biochemical profi le and characteristic 
cholangiographic features (Fig.  41.1 ) [ 8 ]. Typical cholangio-
graphic changes include multifocal, short, annular strictures 
with intervening segments of normal or dilated ducts, the so-
called beaded-like pattern, and which involve the intra- and/
or extrahepatic biliary system. Traditionally, endoscopic retro-

  Fig. 41.1    Algorithm for the diagnosis of primary sclerosing cholangitis in patients with ulcerative colitis       
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grade cholangiography (ERC) has been regarded as the gold 
standard for the diagnosis of PSC. However, ERC is invasive 
and is associated with risk of complications requiring hospi-
talization (i.e., cholangitis, pancreatitis) in over 10 % of PSC 
patients despite the use of antibiotic prophylaxis [ 50 ]. Given 
its noninvasive nature, magnetic resonance cholangiography 
(MRC) has become a diagnostic procedure of choice for PSC 
(Fig.  41.2 ), and ERC should be reserved for those patients 
who need endoscopic therapeutic intervention [ 8 ]. MRC has a 
demonstrated  sensitivity of 80–91 %, a specifi city of 85–99 %, 
and a  diagnostic accuracy of 83–93 %, which is comparable 
or slightly inferior to ERC, for the diagnosis of PSC [ 5 ]. 
Nevertheless, early changes in PSC may be missed by MRC, 
and ERC is still helpful when MRC views are not optimal [ 8 ].

    Both intra- and extrahepatic ducts are often involved 
 (60–70 %), whereas localized intrahepatic duct (~25 %) or 
extrahepatic duct disease alone (<5 %) is less common 
[ 8 ,  48 ]. The cystic duct, pancreatic duct (PD), and gallblad-
der may be also involved. Severity of cholangiographic 
changes, scored by Amsterdam classifi cation, has been noted 
to inversely correlate with transplant-free survival [ 51 ]. 

 It should be noted that several conditions (i.e., ischemia, 
malignancy, chronic infection, and infl ammation) can cause 
sclerosing and multifocal stricturing process of the biliary 
tract by nonimmune-mediated mechanism, and these may 
have cholangiographic features similar to those of PSC, the 
so-called secondary sclerosing cholangitis [ 8 ]. 

 The fi ndings on computer tomography (CT) and US are 
nonspecifi c. Thickening and/or saccular dilatations of the 
bile ducts and evidence of portal hypertension (i.e., varices, 
splenomegaly, and ascites) may be present. Contract 

enhancement of thickened bile duct wall is suggestive of an 
infl ammatory process. Interestingly, abdominal lymphade-
nopathy, particularly in perihepatic and celiac axis groups, is 
often detected in PSC (66–100 %) and does not imply malig-
nancy and should not exclude a patient from undergoing 
liver transplantation (LT) [ 52 ,  53 ]. 

 In the presence of an abnormal cholangiogram, a liver 
biopsy is not required for the diagnosis of large-duct 
PSC. Periductal concentric (onionskin) fi brosis is a 
 characteristic histopathologic feature. However, it is 
 uncommonly encountered in a percutaneous biopsy speci-
men and may also be observed in secondary sclerosing chol-
angitis [ 8 ]. Importantly, liver biopsy may be essential to 
establish the diagnosis of small-duct PSC and PSC/autoim-
mune hepatitis (AIH) overlap as well as to exclude other 
causes of liver disease.  

    Natural History of PSC With and Without 
UC and Vice Versa 
 The clinical course of PSC is variable. The median time from 
diagnosis of PSC to death or LT has ranged from 9.6 to 21 
years [ 1 ,  7 ,  26 ], and the overall survival is signifi cantly 
decreased (approximately threefold) compared to the general 
population, even when asymptomatic at diagnosis [ 11 ,  16 ]. 
The clinical course is characterized by recurrent episodes of 
cholangitis, during which time the disease slowly progresses. 
Clinical features of pruritus and jaundice gradually develop 
overtime, and fi nally end-stage liver disease can appear [ 7 ]. 
Cholangiocarcinoma (CHCA) may complicate the course 
of PSC in 8–15 % of patients (annual incidence 0.6–1 %) 
[ 5 ,  7 ,  9 ]. Of interest is that the duration of PSC may not be a 
risk factor for CHCA, and, in fact, in approximately 50 % of 
patients with PSC plus CHCA, the malignancy is detected at 
the time of diagnosis or within the fi rst year suggesting that 
superimposed CHCA may lead to the diagnosis of PSC 
[ 8 ,  54 ]. Compared to the general population, PSC patients are 
at higher risk for developing cancers (two- to tenfold for any 
cancers and 40–160-fold for colon cancer) [ 9 ,  11 ]. Patients 
with PSC are prone to develop complications of ESLD and 
portal hypertension (i.e., ascites, varices, encephalopathy). In 
some patients, esophageal varices may present early in the 
course of their liver disease, which is possibly explained by 
localized vascular damage in the portal triad from bile duct 
infl ammation causing presinusoidal portal hypertension [ 5 ]. 

 Serum bilirubin, albumin, and age at the diagnosis of PSC 
were independent prognostic factors in a time-dependent 
model [ 55 ]. Although the traditional Child-Pugh classifi ca-
tion system is informative with regard to outcomes, the 
Mayo score model (includes age, bilirubin, AST, albumin, 
and history of variceal bleeding) may provide more repro-
ducible and more accurate prognostic information without 
the need for liver biopsy, especially in patients with early 
disease [ 8 ,  56 ]. However, this model is not superior to the 

  Fig. 41.2    Typical endoscopic retrograde cholangiographic fi ndings in 
primary sclerosing cholangitis       
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Child-Pugh system in predicting survival and related eco-
nomic outcomes after LT [ 57 ]. The addition of cholangio-
graphic fi ndings in the model may provide some additional 
prognostic value [ 8 ,  48 ,  51 ]. 

 The association between coexisting PSC and the disease 
extension and activity of UC remains inconclusive. UC 
patients with coexisting PSC tend to have higher incidence 
of pancolitis, backwash ileitis, and rectal sparing than UC 
patients without PSC [ 5 ].    However, patients with PSC-UC 
may have lower grade of colonic infl ammation and more 
often run a quiescent course of colitis than UC patients 
 without PSC [ 5 ,  58 ]. Colectomy with ileal pouch-anal 
 anastomosis (IPAA) does not appear to alter the disease 
course of PSC [ 5 ].  

    Medical Therapy for PSC 
 A number of medical treatments that are targeted to alleviate 
infl ammation and cholestasis have been investigated in 
PSC. However, unlike primary biliary cirrhosis (PBC), the 
effi cacy of these therapies is somewhat limited. The uncer-
tainty in the pathogenesis of PSC may present a barrier for 
the development of signifi cant disease-modifying agents 
in PSC. 

    Ursodeoxycholic Acid (UDCA) 
 Ursodeoxycholic acid (UDCA) is a hydrophilic, tertiary bile 
acid which has been used for the treatment of a variety of 
chronic cholestatic conditions [ 59 ]. It has been shown to be 
an effective therapy in PBC [ 60 ]. After oral administration, 
UDCA is absorbed mainly in the small intestine, and then it 
has an enterohepatic circulation. At a daily dose of 13–15 mg/
kg body weight/day, UDCA constitutes 40–50 % of total bile 
acid pool and results in a decrease in relative contribution of 
the more hepatotoxic endogenous hydrophobic bile acids 
[ 59 ]. Several mechanisms have been proposed by which 
UDCA may protect against cholestatic liver injury, and these 
include the choleretic effect by increasing bile fl ow, protec-
tion of injured cholangiocytes from toxic bile acids, stimula-
tion of detoxifi cation of hydrophobic bile acids, inhibition of 
hepatocyte apoptosis, and direct cytoprotective and immuno-
modulatory effects [ 29 ,  59 ]. 

 The majority of the early studies of UDCA in PSC were 
small and/or uncontrolled. Many of these studies demon-
strated liver function test improvement by using doses of 
10–15 mg/kg body weight/day [ 8 ,  26 ,  61 ]. Lindor et al. con-
ducted a randomized controlled trial (RCT) of UDCA 
13–15 mg/kg/day, for 2–5 years, in 105 PSC patients. The 
results demonstrated improvement in LFTs but not symptoms 
and the time to treatment failure (defi ned by histologic pro-
gression by two stages, development of cirrhosis or esopha-
geal varices, liver decompensation, LT, or death) [ 62 ]. On the 
basis that higher doses of UDCA may be required to provide 
suffi cient delivery of UDCA to the bile pool and also enhance 
immunomodulatory effects in the setting of cholestasis and 

bile duct injury in PSC, several studies using higher dose of 
UDCA were conducted and published in the early 2000s. An 
RCT from Oxford using UDCA 20–25 mg/kg/day in 26 PSC 
patients found signifi cant improvement in LFTs, histology, as 
well as cholangiographic features. However, no benefi t in 
symptoms and survival was demonstrated [ 63 ]. Two studies 
comparing different doses of UDCA suggested that higher 
daily dose (25–30 mg/kg) was well tolerated and provided 
benefi ts, which included survival benefi t in one study, com-
pared to a lower dose (10–20 mg/kg) [ 64 ,  65 ]. 

 Despite somewhat convincing data on benefi ts with higher 
doses, a large Scandinavian RCT evaluating UDCA at 
17–23 mg/kg/day in 219 PSC patients for 5 years found no 
signifi cant favorable effect on survival, symptoms, and pre-
vention of CHCA although there was a nonsignifi cant trend 
toward improvement in LFTs and survival [ 66 ]. Recently, a 
multicenter RCT from the United States comparing high- 
dose UDCA (28–30 mg/kg/day) with placebo, in 150 PSC 
patients, was terminated prematurely at 6 years due to a 
higher incidence of adverse outcomes (i.e., death, LT, esoph-
ageal varices) in the UDCA group [ 67 ]. The likelihood of 
developing serious adverse outcomes was not predicted by 
biochemical response, but was predicted by advanced liver 
disease at presentation [ 67 ]. Therefore, currently there is no 
established role for UDCA in slowing the progression of 
PSC. Further, high-dose UDCA may be harmful in late-stage 
disease [ 8 ,  60 ].  

    Immunosuppressive Therapy 
 Unlike most of other immune-mediated diseases, treatment 
with corticosteroids and other ISAs has not demonstrated 
consistent benefi ts in PSC, and most evidence is derived 
from pilot studies. Corticosteroids demonstrated no benefi t 
in PSC and were associated with signifi cant worsening of 
osteoporosis [ 68 – 70 ]. Corticosteroids may be considered 
only in patients with PSC/AIH overlap and IgG4-associated 
cholangitis [ 8 ]. No controlled trial of azathioprine (AZA) 
has been reported as monotherapy to date. A combination of 
AZA, prednisolone, and UDCA (500–750 mg/day) for PSC 
was reported in a case series of 15 PSC patients. All patients 
had ALP improvement (seven patients had been previously 
treated with UDCA, but ALP improved only after predniso-
lone and AZA were added), and 60 % had histological 
improvement after 41 months [ 71 ]. Methotrexate (MTX) 
may minimally improve ALP levels, but does not impact 
clinical outcomes of PSC [ 72 ]. Addition of MTX to UDCA 
was associated with toxicity and without further improve-
ment in LFTs [ 73 ]. Mycophenolate mofetil (MMF) was 
poorly tolerated (56 %) and did not demonstrate clinical ben-
efi t in PSC [ 74 ]. Further, combination of MMF and UDCA 
did not provide additional benefi ts [ 73 ]. Tacrolimus [ 75 ] and 
cyclosporin [ 76 ] had no signifi cant effects on PSC disease 
outcomes and were poorly tolerated although they provided 
benefi ts in UC [ 76 ]. A pilot RCT in 10 PSC patients failed to 
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demonstrate clinical effi cacy of infl iximab (5 mg/kg) on the 
course of liver disease [ 77 ].  

    Miscellaneous Treatment 
 Based on the observation that elevated hepatic copper levels 
are universally detected in patients with chronic cholestasis, 
D-penicillamine was evaluated in an RCT of 70 PSC patients. 
However, it was not associated with clinical benefi t and has 
considerable toxicity, which led to treatment discontinuation 
in 21 % of patients [ 78 ]. Colchicine, an anti-fi brogenic agent, 
either alone or in combination with prednisone failed to 
show benefi cial effects in two RCTs [ 70 ,  79 ]. Silymarin, a 
milk thistle extract, which potentially has several hepatopro-
tective properties, was evaluated in an open-label pilot study 
of 30 PSC patients for 1 year [ 80 ]. One-third of patients 
achieved substantial improvement in LFTs, but no signifi -
cant change in Mayo risk score [ 80 ]. Several agents, such as 
nicotine, bezafi brate, pirfenidone, minocycline, and probiot-
ics, have been preliminarily evaluated in PSC but without 
clear demonstrable benefi ts [ 8 ,  61 ,  81 ].   

    Medical Management for Complications of PSC 
   Cholangiocarcinoma (CHCA) 
 CHCA, a dreadful complication of PSC, develops in 8–15 % 
of patients [ 5 ,  7 ,  9 ]. Risk factors include the duration of UC, 
colonic dysplasia, variceal bleeding, proctocolectomy, alcohol 
consumption, and polymorphisms in the NKG2D gene [ 8 , 
 82 ]. The diagnosis of CHCA in the setting of PSC is often 
challenging, particularly for the periductal infi ltrative type. 
The presence of mass-like lesion or a long biliary stricture, 
particularly in the hilar area, on an imaging study strongly 
raises the possibility of CHCA. In PSC patients with clinical 
suspicion for CHCA, CA 19-9 at a cutoff of 129 U/mL has 
value in determining the likelihood for CHCA; positive pre-
dictive value was 57 % and negative predictive value 99 % 
[ 83 ]. However, caution must be exercised since CA 19-9 is 
undetectable in person with Lewis-negative blood type and 
can be elevated in other conditions (i.e., cholangitis, non- 
biliary cancers) [ 84 ]. A combination of cross-sectional liver 
imaging studies, tumor biomarkers, and cholangiography with 
tissue sampling is often required, and is recommended, to 
make the accurate diagnosis of CHCA (Fig.  41.3 ) [ 8 ,  54 ,  84 ].

   The prognosis of CHCA in PSC is dismal with a 3-year 
survival of less than 20 % even in surgically resected patients 
[ 8 ]. Recent data suggests that neoadjuvant therapy followed 
by LT in highly selected patients may result in a better out-
come with a 5-year survival of ~70 % [ 85 ]. The benefi t of 
other palliative modalities, such as external beam radiation, 
endoscopic ablative therapy, and systemic chemotherapy, 
has not been clearly demonstrated [ 8 ].  

   Colorectal Neoplasia 
 PSC has been shown to be an independent risk factor for 
the development of colorectal neoplasia in patients with UC 

(OR 4.79, 95%CI; 3.58–6.41) [ 86 ]. Colorectal neoplasia 
 associated with PSC can be diagnosed at any time during the 
course of PSC, and it appears to occur predominantly in the 
right colon [ 87 ]. This risk appears to persist even after LT [ 5 , 
 24 ]. Therefore, colonoscopy surveillance for colonic neopla-
sia is recommended to begin at the time of the diagnosis of 
PSC [ 8 ]. There are controversial data suggesting a benefi t of 
UDCA in preventing the development of colorectal neopla-
sia [ 8 ,  60 ]. The current US guideline recommends against the 
use of UDCA as chemoprevention in patients with PSC-UC 
[ 8 ], while the European guideline suggests the use of UDCA 
in high-risk patients, such as those with strong family history 
of colorectal cancer, previous history of colorectal neoplasia, 
or long-standing extensive colitis [ 60 ].  

   Gallbladder Disease 
 Gallbladder abnormalities are commonly observed in 
patients with PSC, and these include gall stones (26 %), PSC 
involving the gallbladder (15 %), and gallbladder neoplasms 
(4–14 %) [ 8 ,  88 ]. Remarkably, 40–60 % of gallbladder pol-
yps detected in patients with PSC are malignant [ 89 ,  90 ]. 
Therefore, surveillance by ultrasound should be done annu-
ally. In patients with a gallbladder mass lesion, cholecystec-
tomy is recommended regardless of lesion size since the 
1-cm rule may not reliably predict malignant potential of the 
gallbladder polyp in the setting of PSC [ 8 ,  91 ].  

   Bacterial Cholangitis 
 Patients with PSC are susceptible to repeated episodes of bac-
terial cholangitis, especially after biliary tract manipulation 
[ 92 ]. If cholangitis occurs without biliary intervention, the 
presence of stones, dominant strictures, or CHCA should be 
considered. Most common causative organisms are gram- 
negative enteric bacteria and enterococci [ 92 ]. The majority 
of patients respond to broad-spectrum intravenous antibiotic 
plus biliary drainage. Patients with recurrent bacterial cholan-
gitis may benefi t from long-term antibiotic prophylaxis [ 8 ].  

   Portal Hypertension and End-Stage 
Liver Disease (ELSD) 
 Management of portal hypertension and its complications in 
patients with PSC does not differ from other etiologies. The 
ultimate treatment for end-stage liver disease (ESLD) associ-
ated with PSC is LT with 5-year survival rates of approxi-
mately 85 % [ 8 ]. Resection of the extrahepatic biliary tree 
along with a Roux-en-Y choledochojejunostomy is widely 
accepted as a method of choice for biliary reconstruction in 
LT for PSC [ 60 ]. As in non-PSC, the Model for End-Stage 
Liver Disease (MELD) score is most widely utilized for 
organ allocation for PSC patients, although the presence of 
dominant strictures may affect MELD score by increasing 
bilirubin levels, and this may not necessarily mean advanced 
disease and liver failure. Other unique indications for LT in 
PSC patients include intractable pruritus, recurrent bacterial 
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cholangitis, and CHCA [ 8 ]. Recurrence of PSC occurs in 
20–25 % of the liver grafts after 5–10 years following LT [ 8 , 
 93 ], but this is sometimes diffi cult to assess due to the simi-
larities in biliary changes seen with ischemic and preserva-
tive injury, infections, and chronic rejection. 

 The activity of UC following LT is heterogeneous. 
Contrary to general wisdom, while on liver transplant-related 
immunosuppression, the majority of PSC-IBD patients expe-
rience a deterioration of their IBD following LT [ 94 ]. Further, 
the increased risk of developing colorectal neoplasia persists 
after LT [ 95 ]. The guideline for the management of UC exac-
erbation after LT has not been established, and the long-term 
effect of anti-TNF agents on liver graft is unknown.  

   Metabolic Bone Disease 
 Patients with long-standing IBD, and particularly with the 
prolonged use of corticosteroid therapy, frequently have 

decreased bone mass density (BMD) [ 96 ]. The presence of 
PSC, with or without cirrhosis, further negatively impacts 
BMD by several mechanisms, such as vitamin D malabsorp-
tion, altered bone turnover rate, and hypogonadism [ 97 ]. 
A recent study of 237 PSC patients with 10 years of follow-
up reported that patients with PSC lost 1 % of their BMD 
per year. Osteoporosis was detected in 15 % of patients 
(24-fold higher rate than matched population) and risk fac-
tors included older age, low body mass index, and long 
duration of IBD [ 98 ]. The surveillance and management of 
osteoporosis in PSC does not substantially differ from other 
situations, and there is particular emphasis on calcium and 
vitamin D supplementation [ 8 ,  96 ]. Oral bisphosphonates 
may induce esophageal ulcerations which could precipitate 
variceal hemorrhage. Therefore, parenteral bisphosphonates 
may be a reasonable approach for patients with esophageal 
varices [ 8 ].    

  Fig. 41.3    Algorithm for the surveillance and the diagnosis of malignancy in patients with ulcerative colitis and primary sclerosing cholangitis       
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    PSC Variants 

    Small-Duct PSC 
 Small-duct PSC, previously termed as pericholangitis, refers 
to a subgroup of patients who have biochemical and histologi-
cal features compatible with PSC, but with normal cholangi-
ography. Small-duct PSC represents approximately 6–11 % 
of patients with sclerosing cholangitis and often coexists with 
IBD (~80 %). It is a disease that is potentially progressive but 
is associated with a better long-term prognosis as compared 
with large-duct PSC (LT-free survival 13 years vs. 10 years, 
respectively;  p  < 0.0001) [ 99 ]. Cholangiocarcinoma does not 
seem to occur in patients with small-duct PSC. Approximately 
one-fourth of patients eventually progressed to large-duct 
PSC over a median of 7.4 years, and some patients progressed 
to end-stage liver disease requiring LT without developing 
large-duct disease [ 99 ]. Given a relatively small number of 
patients with small- duct PSC, the management is not well 
defi ned, and there is no controlled prospective study reported 
to date. In a longitudinal cohort of 42 patients from Mayo 
Clinic followed up to 25 years, UDCA 13–15 mg/kg/day 
improved liver biochemistries, but did not signifi cantly delay 
disease progression [ 100 ].  

    PSC/Autoimmune Hepatitis (AIH) Overlap 
 PSC/AIH overlap is an ill-defi ned immune-mediated disor-
der, which is predominantly encountered in children and 
young adults [ 101 ]. A diagnosis of PSC/AIH overlap is made 
when both typical cholangiographic features of PSC and 
defi nitive diagnosis of AIH, based on modifi ed AIH score, 
are present [ 101 ,  102 ]. The prevalence of PSC/AIH overlap 
in patients with PSC has varied from 7 to 14 % based on the 
revised AIH criteria, and majority of these patients (50–
88 %) have underlying IBD [ 101 ]. The presentation of PSC/
AIH overlap may be either simultaneous or sequential. 
Particularly in the setting of IBD, patients with PSC with an 
elevation of ALT should prompt a search for AIH. On the 
other hand, PSC should be considered in AIH patients with 
cholestasis, histological bile duct injury, and in those who 
show a poor response to therapy [ 101 ]. Patients with PSC/
AIH overlap seem to benefi t from UDCA and ISA, and sur-
vival is apparently better than in classical PSC, but with a 
poorer outcome than AIH [ 103 ,  105 ]. In a prospective Italian 
study (N = 7 PSC/AIH, 34 PSC), a combination of UDCA 
(15–20 mg/kg/day), prednisolone (0.5 mg/kg/day, then 
tapered to 10–15 mg/day), and azathioprine (50–75 mg) 
reported a good biochemical response (ALT, but not ALP) in 
patients with PSC/AIH overlap [ 104 ].  

    IgG4-Associated Cholangitis 
 IgG4-associated cholangitis (IAC) is a biliary tract disease of 
unclear pathogenesis and with cholangiographic features 
indistinguishable from PSC. It has been described in patients 

with autoimmune pancreatitis (AIP) as a part of a systemic 
autoimmune process associated with IgG4 [ 61 ,  105 ]. The 
clinical entity is characterized by pancreatic enlargement, 
elevated serum IgG4 levels, histologic evidence of lympho-
plasmacytic infi ltrate in the pancreas, and extrapancreatic 
manifestations, such as sclerosing cholangitis, sialadenitis, 
and retroperitoneal fi brosis [ 61 ,  105 ]. It is important to dis-
tinguish PSC from IAC, which is at times challenging due to 
the fact that pancreatic disease may not be evident (8 %) and 
IgG4-associated sclerosing colitis, mimicking IBD or UC 
itself, may be present [ 61 ,  105 ,  106 ]. IAC appears to be his-
tologically distinct from PSC, and it usually has a dramatic 
response to corticosteroids in contrast to the refractory nature 
in PSC [ 5 ,  61 ]. All patients with possible PSC should be 
tested for serum IgG4 levels to exclude IAC [ 8 ]. Interestingly, 
up to one-quarter of patients with biopsy-proven PSC have 
an increased IgG4 periductal plasma cell infi ltrate, and 
9–22 % have elevated serum IgG4 levels [ 107 ,  108 ]. These 
fi ndings raise the question of whether PSC and AIP/AIC rep-
resent different ends of the same disease spectrum or are dis-
tinct disease entities, although current evidence favors the 
latter [ 8 ]. Of note is that PSC patients with elevated IgG4 
levels tend to have more severe disease severity and course 
[ 107 ,  108 ]. Thus, a trial of corticosteroids may be consid-
ered; however, proven benefi t has yet to be demonstrated in 
RCT [ 61 ,  108 ].    

    Hepatobiliary Diseases Encountered in UC 

    Fatty Liver 

 Nonalcoholic fatty liver disease (NAFLD) is the most com-
mon hepatobiliary disease encountered in IBD, with reported 
prevalence range of 2–80 % (median 29.5 %) in published 
studies with over 100 subjects [ 109 ]. Thus, it may account 
for approximately 40 % of cases of LFT abnormalities in 
those with IBD [ 3 ]. As in the general population, the preva-
lence of NAFLD is likely increasing among IBD population 
as well [ 109 ]. Apart from obesity and metabolic syndrome, 
NAFLD can be caused by IBD-related factors, such as mal-
nutrition, protein loss, and medications (i.e., corticosteroids, 
MTX, anti-TNFs) [ 109 ]. There is no specifi c guideline for 
the management of NAFLD in IBD patients; periodic moni-
toring and counseling to avoid excessive weight gain would 
be reasonable.  

    Portal Vein Thrombosis 

 Portal vein thrombosis (PVT) is rarely observed in IBD 
patients in a nonsurgical setting, but it is not uncommon in 
those with recent abdominal surgery [ 5 ]. Several factors 
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associated with IBD, such as increased platelet counts, factor 
V, VII, and fi brinogen levels, state of active bowel infl amma-
tion, and infections, may contribute to the thrombotic 
 complications [ 5 ]. Portal vein thrombosis has been detected 
by CT imaging in 25–45 % of UC patients who have under-
gone IPAA surgery and was more likely to be segmental, 
multiple, and occlusive [ 110 – 112 ]. Presentation of PVT fol-
lowing IPAA surgery includes abdominal pain, nausea/vom-
iting, prolonged ileus, and leukocytosis. Septic complications 
(i.e., liver abscesses, pelvic sepsis) subsequently occur in 
0–50 % of patients [ 111 ,  112 ]. Anticoagulation and antibi-
otic treatments are generally associated with a good clinical 
response and resolution of PVT. Interestingly, postoperative 
PVT has been linked to an increased risk of subsequent pou-
chitis (46 % in patients with PVT and 15 % in those without 
after 36 months follow-up) [ 111 ].  

    Miscellaneous Conditions 

 Several other hepatobiliary diseases have been reported to be 
more prevalent in IBD patients than in the general popula-
tion, and these include PBC, gallstones, hepatic amyloidosis, 
and granulomatous hepatitis [ 5 ] (Table  41.2 ). These condi-
tions have been reported more often in CD than UC (with the 
exception of PBC), and the mechanisms are unclear. UC 
patients with PBC typically present with elevated ALP and 
positive AMA. Interestingly, unlike classical PBC, 
UC-associated PBC seems to occur at a younger age and 
more often in men [ 113 ]. Hepatic amyloidosis classically 
occurs in patients with long-standing active IBD and pres-
ents with elevated ALP and hepatomegaly (with hard consis-
tency). Involvement of other organs, particularly 
gastrointestinal tract and kidneys, is commonly observed 
[ 114 ]. Granulomatous hepatitis can be linked to either IBD 
itself (CD) or IBD-related factors, such as medications, par-
ticularly sulfasalazine, and infections. It often presents with 
isolated elevation of ALP, although other features, such as 
fever and hepatomegaly, can also be encountered [ 5 ,  115 ]. 
The diagnosis of hepatic amyloidosis and granulomas gener-
ally requires a liver biopsy.   

    Hepatobiliary Diseases with Association 
to IBD Therapy (Tables  41.1  and  41.2 ) 

        Drug-Induced Liver Injury (DILI) 

    5-Aminosalicylic Acid (ASA) Compounds 
 Sulfasalazine-induced DILI in IBD is relatively uncommon, 
with three severe cases per million prescriptions reported in 
the United Kingdom [ 116 ]. Acute hepatocellular damage 
may develop alone or, less commonly, as a part of generalized 

hypersensitivity reaction, which is characterized by fever, 
malaise, lymphadenopathy, and hepatomegaly. It has been 
suggested that DILI, particularly a hypersensitivity reaction, 
is related to the sulfapyridine moiety; however, recent data 

    Table 41.2    Differential diagnosis of hepatobiliary abnormalities asso-
ciated with medications used in ulcerative colitis   

 Clinical features  Medications 

 Acute hepatocellular injury  Sulfasalazine, 5-ASA, 
thiopurines, methotrexate 

 Hypersensitivity reaction  Sulfasalazine, 5-ASA, thiopurines 
 Autoimmune hepatitis features  Anti-TNF agents 
 Cholestasis  Sulfasalazine, 5-ASA, 

thiopurines, cyclosporin 
 Cirrhosis  Methotrexate 
 Steatohepatitis  Methotrexate 
 Nodular regenerative hyperplasia 
(NRH) 

 Thiopurines 

 Non-cirrhotic portal hypertension  Thiopurines 
 Sinusoidal obstruction syndrome 
(SOS) 

 Thiopurines 

 Peliosis hepatis  Thiopurines 
 Pancreatitis  Thiopurines 
 Reactivation of hepatitis B  Anti-TNF agents, corticosteroids, 

thiopurines, methotrexate, 
cyclosporin 

 Hepatosplenic T-cell lymphoma  Anti-TNF agents (typically in 
combination with thiopurines) 

   ASA  aminosalicylic acid,  TNF  tumor necrotic factor  

   Table 41.1    Hepatobiliary diseases associated with infl ammatory 
bowel disease   

 UC  CD 

 Hepatobiliary disease with association to IBD or possibly shared 
pathogenesis with IBD 
 • Primary sclerosing cholangitis (PSC) 
 • Small-duct PSC 
 • PSC/AIH overlap syndrome 
 • IgG4-associated cholangitis 

 ++ 
 ++ 
 ++ 
 ++ 

 + 
 + 
 + 
 + 

 Hepatobiliary disease encountered in IBD 
 • Fatty liver disease 
 • Portal vein thrombosis (PVT) 
 • Presinusoidal portal hypertension 
 • Gall stones 
 • Hepatic amyloidosis 
 • Granulomatous hepatitis 
 • Primary biliary cirrhosis 

 ++ 
 + 
 ++ 
 +/− 
 +/− 
 +/− 
 ++ 

 ++ 
 ++ 
 +/− 
 ++ 
 ++ 
 ++ 
 + 

 Hepatobiliary disease with association 
to IBD therapy 
 • Drug-induced hepatotoxicity 
 • Reactivation of hepatitis B 
 • Hepatosplenic T-cell lymphoma 

 ++ 
 ++ 
 +/− 

 ++ 
 ++ 
 ++ 

   IBD  infl ammatory bowel disease,  UC  ulcerative colitis,  CD  Crohn’s 
disease,  PSC  primary sclerosing cholangitis,  AIH  autoimmune hepati-
tis,  Ig  immunoglobulin 
 Adapted from Navaneethan U and Shen B. Hepatopancreatobiliary 
manifestations and complications associated with infl ammatory bowel 
disease. Infl amm Bowel Dis. 2010;16:1598–619. With permission from 
John Wiley and Sons [ 5 ]  
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reported similar incidence of overall DILI with sulfasalazine 
(sulfapyridine and 5-ASA) and mesalamine (5-ASA alone), 
suggesting that DILI is more likely from 5-ASA rather than 
the sulfa moiety [ 116 ,  117 ].  Cross- hypersensitivity reaction 
with mesalamine after a prior hypersensitivity reaction to sul-
fasalazine has been reported [ 118 ]. Hepatotoxicity can occur 
from as early as 6 days to 1 year after initiation of therapy. 
Other forms of DILI include granulomatous hepatitis, acute 
liver failure, chronic hepatitis, and cholestasis [ 5 ,  115 ].  

    Thiopurines 
 Treatment of IBD with azathioprine (AZA), 6- mercaptopurine 
(6-MP), or 6-thioguanine (6-TG) can be associated with var-
ious forms of DILI, mainly acute hepatocellular injury, idio-
syncratic cholestatic reaction, and hepatic vascular 
endothelial injury [ 3 ,  115 ,  119 ]. Recent data reported a prev-
alence of thiopurine-induced acute DILI in IBD patients to 
be 3.4–7.1 %, with an annual incidence of 1.4–2.6 % 
[ 3 ,  119 ]. Liver function test abnormalities are usually revers-
ible and often occur soon after the initiation of treatment 
[ 115 ,  119 – 121 ]. In addition, hypersensitivity reaction and 
cholestatic hepatitis have also been reported [ 115 ]. 
Hepatotoxicity from AZA/6-MP is related to its metabolite 
6- methylmercaptopurine ribonucleotide (6-MMP); however, 
the sensitivity and specifi city of 6-MMP levels for DILI were 
poor [ 122 ]. In an effort to avoid the potential adverse events 
from AZA/6-MP, assessment of thiopurine methyltransfer-
ase (TPMT) genotype or phenotype before initiation of 
 treatment is suggested [ 120 ,  123 ]. Individuals with low 
TPMT activity are at risk for myelotoxicity via higher levels 
of 6-TG, whereas individuals with high TPMT activity have 
lower 6-TG levels and can result in a suboptimal treatment 
response, as well as hepatotoxicity from higher levels of 
6-MMP [ 115 ,  120 ,  123 ]. With close monitoring, allopurinol 
co-therapy with low-dose AZA/6-MP may help to avoid poor 
response and decrease risk of hepatotoxicity, especially in 
patients with very high TPMT activity [ 124 ]. In addition, 
split-dosing regimen of thiopurines, by decreasing 6-MMP 
levels, has been proposed to reduce the risk of DILI [ 122 ]. 

 Most cases of idiosyncratic cholestatic reaction associ-
ated with AZA/6-MP occur within 2–5 months of treatment 
and with a male preponderance. Jaundice may not immedi-
ately resolve despite drug withdrawal [ 119 ]. 

 Apart from direct hepatic injury, thiopurines can be asso-
ciated with hepatic vascular endothelial lesions and their 
consequence, and these included nodular regenerative hyper-
plasia (NRH) and non-cirrhotic portal hypertension, sinusoi-
dal obstruction syndrome (SOS or formerly called 
venoocclusive disease), and peliosis hepatis [ 5 ,  115 ]. Nodular 
regenerative hyperplasia has been reported to occur from 1.3 
to 18 % of IBD patients who receive 6-TG, and it may 
develop as soon as few months or many years after therapy 
[ 125 ,  126 ]. The development of NRH seems to be dose 

related, as it is rarely seen with low-dose 6-TG (<20 mg/day) 
[ 115 ]. Male gender and small bowel resection of >50 cm 
appear to be additional risk factors [ 125 ]. Majority of patients 
are asymptomatic with mild abnormality in LFTs. The defi -
nite diagnosis of NRH is based on a liver biopsy, while MRI 
has a sensitivity of 77 % and a specifi city of 72 % [ 126 ]. The 
natural course of NRH-associated with thiopurines is usually 
indolent and potentially reversible. However, adverse out-
comes, such as portal hypertension, varices, and hepatocel-
lular carcinoma, have also been reported [ 115 ].  

    Methotrexate 
 Long-term use of MTX has been associated with liver 
fi brosis and cirrhosis in patients with psoriasis and rheuma-
toid arthritis, and often LFTs are normal. Risk factors for 
DILI from MTX include high cumulative dose, older age, 
alcohol, obesity, diabetes, and preexisting liver disease [ 5 ]. 
Since there is poor correlation between ALT and histologic 
changes, surveillance with liver biopsy is recommended to 
monitor for MTX hepatotoxicity, traditionally after a 
cumulative total dose of 1.5 g. Despite limited data, the 
incidence of MTX hepatotoxicity in IBD patients appears 
to be lower than in those with psoriasis and rheumatoid 
arthritis. In a series of 20 IBD patients receiving a cumula-
tive MTX dose of 1.5–5.4 g, only one patient developed 
hepatic fi brosis on biopsy [ 127 ]. Concordantly, in a recent 
series of 87 IBD patients, MTX was commonly associated 
with LFT abnormalities (24 %), but these frequently nor-
malized while still on therapy, and in only 5 % was drug 
discontinuation necessary. Among patients with LFT 
abnormalities, 44 % had underlying risk factors for DILI, 
and liver biopsy rarely showed substantive abnormalities 
[ 128 ]. Therefore, liver biopsy may not routinely be neces-
sary for IBD patients without risk factor(s). Close monitor-
ing with LFTs every 1–3 months is recommended, and liver 
biopsy should be performed if the majority of ALT values 
over 1-year period are elevated or if serum albumin is 
decreased (Fig.  41.4 ) [ 5 ,  123 ,  129 ]. Supplementation with 
folic acid may help to reduce hepatic adverse effects asso-
ciated with MTX [ 130 ].

      Anti-TNF Agents 
 It is diffi cult to estimate the incidence of DILI associated 
with anti-TNF agents, since anti-TNFs are generally used 
along with thiopurines or MTX. Few cases of DILI have 
been reported with infl iximab. However, in clinical trials 
with infl iximab for IBD, liver injury was not seen or was 
seen at a similar rate compared to the placebo arm 
[ 115 ,  131 ]. Clinical features of infl iximab-associated DILI 
typically resemble autoimmune hepatitis and include a posi-
tive ANA and/or ASMA and with female predominance [ 132 ]. 
In addition, cholestatic liver injury associated with infl ix-
imab has also been reported [ 5 ].   
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    Reactivation of Viral Hepatitis 

 Decades ago, patients with IBD were considered to be at risk 
for hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infections, possibly related to frequent hospitalization, blood 
transfusion, and surgery. However, recent epidemiological 
studies have noted that the prevalence of HBV and HCV in 
IBD patients was similar to the general population, possibly 
as a result of improvement in IBD care, safety measures for 
blood transfusion, and universal HBV vaccination [ 121 ]. 
Treatment of UC may affect the clinical course of viral hepa-
titis, particularly HBV, and vice versa. Without antiviral pro-
phylaxis, HBV reactivation following ISA can be associated 
with severe, or even fulminant, hepatitis. 

    Hepatitis B 
   Prevalence and Clinical Signifi cance 
 Recent studies (after 2000) from North America and 
Europe have reported the prevalence of HBsAg-positive and 

anti-HBc- positive state in UC patients to be 0.6–2.3 % (weighted 
mean 0.8 %) and 1.6–17 % (weighted mean 8.1 %), respec-
tively [ 121 ]. Reactivation of HBV replication has been reported 
in 20–50 % of HBV carriers undergoing ISA, and severity can 
range from self-limiting anicteric hepatitis to severe fulminant 
hepatitis [ 133 ]. Liver-related mortality in patients receiving 
cancer chemotherapy is reported to be 4–60 % [ 134 ]. A diagno-
sis of HBV reactivation is confi rmed by an increase in serum 
HBV-DNA levels along with a positive HBsAg and can occur 
at any time during the treatment period, with the highest rates 
observed at either after initiation or withdrawal of ISA. 

 Incidence of HBV reactivation depends on the type and 
degree of immunosuppression and state of HBV infection 
when ISA is given. Cytotoxic chemotherapies, particularly 
in combination with corticosteroids and/or rituximab, carry 
the greatest risk (>60 %) of reactivation [ 135 ]. Reactivation 
of hepatitis B is uncommon, but has been reported, with 
long-term use of AZA, MTX, and low-dose corticosteroids 
[ 136 ]. Recently, HBV reactivation associated with anti-TNF 

  Fig. 41.4    Algorithm for the monitoring and the management of drug-induced liver injury in patients with ulcerative colitis       
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has been increasingly reported in IBD patients, particularly 
in CD [ 121 ,  135 ]. All cases received infl iximab, and nearly 
all cases received concomitant ISAs (AZA, corticosteroids). 
Duration of infl iximab treatment ranged from 1 infusion to 2 
years [ 121 ]. Several fatal cases and breakthrough reactiva-
tion despite lamivudine prophylaxis have also been reported 
[ 121 ]. Though there are no cases yet reported with the newer 
anti-TNF agents, such as adalimumab and certolizumab, one 
would need to use HBV prophylaxis in the appropriate 
patients at risk as these new agents also have the potential for 
promoting HBV reactivation. 

 A multicenter study from Spain assessed outcome of viral 
hepatitis in 129 IBD patients; 104 had positive anti-HBc, and 
25 were HBsAg positive. Liver dysfunction was observed in 
36 % (9/25) of HBsAg-positive patients and six of whom 
developed liver failure. Treatment with ≥2 ISAs was an inde-
pendent predictor for reactivation, whereas HBV reactiva-
tion was infrequent with single ISA or in patients with 
positive anti-HBc alone [ 137 ].  

   Screening and Management 
 All IBD patients should be screened for chronic HBV 
 infection (Fig.  41.5 ). Screening should be performed at the 
diagnosis of IBD and the reasonable tests are HBsAg and 
anti-HBs. In patients without detectable HBsAg, HBV vac-
cination should be given in those who have negative or low 
levels of anti-HBs (<10 IU/L), before the initiation of 
ISA. Generally, three-dose regimen of a recombinant DNA 
vaccine at 0, 1, and 6 months is often effective [ 121 ,  135 ]. 
However, in a series of 129 IBD patients who received HBV 
vaccination, inadequate immune response was observed in 
more than half of patients, particularly in the elderly and in 
those previously or currently treated with ISA [ 138 ]. A recent 
study noted that a quick double-dose HBV vaccine regimen 
(0, 1, and 2 months) was associated with a higher response 
rate, and this strategy might be ideal in IBD patients [ 139 ]. 
Postvaccination anti-HBs levels should be obtained in all UC 
patients in order to confi rm immune response. Data from 
non-IBD populations suggests that revaccination with either 

  Fig. 41.5    Algorithm for the prophylaxis and the management of viral hepatitis B in patients with ulcerative colitis       
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standard or double-dose regimens, using combined hepatitis 
A and B vaccine or intradermally administered vaccine, may 
be of benefi t in suboptimal responders [ 140 – 142 ]. A high 
proportion of IBD patients with protective anti-HBs titers 
after vaccination lose them overtime particularly in those on 
anti-TNF therapy [ 143 ]. Therefore, periodic checking for 
anti-HBs levels is recommended, and booster dose should be 
considered in heavily immunosuppressed patients who are at 
risk for HBV infection.

   The signifi cance of isolated anti-HBc in this context 
remains controversial. Anti-HBc may be falsely positive in a 
low prevalence population. On the other hand, isolated posi-
tive anti-HBc can represent occult HBV infection (very low 
levels of HBsAg and HBV-DNA), particularly in high-risk or 
immunosuppressed patients [ 133 ,  135 ]. Several cases of 
HBV reactivation in patients with isolated positive anti-HBc 
have been reported in the setting of bone marrow transplan-
tation or in patients who received rituximab; this is extremely 
rare in other settings. Therefore, antiviral prophylaxis is not 
recommended in isolated anti-HBc-positive patients 
[ 121 ,  133 ,  135 ]. Nevertheless, periodic monitoring of ALT 
and HBV-DNA should be considered. 

 Patients with chronic HBV infection (HBsAg-positive) 
warrant further evaluation, and antiviral treatment is con-
sidered in patients with active disease according to their 
HBV- DNA, HBeAg, and ALT status. In inactive HBV 
carriers, antiviral prophylaxis is recommended prior to 
undergoing treatment with any ISAs, including steroids, 
thiopurines, MTX, and biological agents. Prophylaxis 
should be continued until 6–12 months after discontinua-
tion of all ISAs. Clinical studies, including 2 RCTs, dem-
onstrated that prophylactic therapy with lamivudine can 
reduce the rate of HBV reactivation, severity of associ-
ated hepatitis fl are, and mortality [ 133 ,  144 ]. Patients with 
UC often require long- term ISA, which overtime raises 
the concern of HBV resistance to lamivudine. Therefore, 
antivirals with high-genetic barrier for resistance, such as 
entecavir or tenofovir, should be considered, as opposed to 
lamivudine, in patients with HBV and the need for long-
term ISAs for IBD [ 133 ,  135 ].   

    Hepatitis C 
   Prevalence and Clinical Signifi cance 
 Recent studies (after 2000) from North America and Europe 
have reported the prevalence of anti-HCV positivity in UC 
patients to be 0.6–10.9 % (weighted mean 2.7 %) [ 121 ]. In 
post-LT setting, high-dose intravenous corticosteroids used 
in HCV-positive LT recipients are associated with a transient 
increase in HCV viremia, which may in turn promote HCV 
recurrence [ 145 ]. However, there are no convincing data that 
ISAs used in IBD patients, including corticosteroids, thiopu-
rines, MTX, and anti-TNFs, have detrimental effect on the 
course of HCV [ 121 ,  135 ]. On the other hand, in vitro data 

suggest that AZA, MMF, and anti-TNFs possess some anti- 
HCV activity [ 121 ,  145 ]. However, these fi ndings have not 
yet been confi rmed in the clinical arena.  

   Screening and Management 
 It is reasonable to screen for anti-HCV in all IBD patients. 
Currently, there is no vaccine for HCV. There is little evidence 
to suggest that treatment of UC may negatively impact on the 
course of HCV. Antiviral prophylaxis is not recommended.  

    Interferon Therapy and Its Impact 
on the Course of UC 
 Due to the immunomodulating properties of interferon-alfa 
used for the treatment of HBV and HCV, there is some con-
cern that interferon may increase the risk of exacerbation of 
IBD. Theoretically, this is more likely to be in patients with 
CD which is predominantly characterized by Th1-type 
immune response [ 121 ]. In contrast to CD, earlier studies 
suggest a potential benefi t of interferon-alfa in UC patients, 
but this fi nding was not confi rmed by a Cochrane review in 
2008 [ 146 ]. Though there were some case reports of new- 
onset UC or exacerbation of preexisting UC during inter-
feron treatment [ 121 ], this is very unlikely to occur, 
particularly in those who are in clinical remission or have 
mildly active disease. A case-control study suggests that 
interferon-alfa can be safely administered to patients with 
HCV and IBD (10 CD and 11 UC patients), and virologic 
responses were similar to those observed in non-IBD 
 HCV- matched controls [ 147 ].    

    Hepatosplenic T-Cell Lymphoma (HSTCL) 

 HSTCL is a rare subtype of peripheral T-cell lymphoma and 
is associated with an aggressive course and dismal progno-
sis. Although uncommon, it has been increasingly reported 
in IBD patients, particularly CD [ 5 ,  148 ]. The development 
of HSTCL is possibly related to chromosomal abnormality 
induced by long-standing use of IBD medications [ 149 ]. 
HSTCL commonly presents with fever, fatigue, abnormal 
LFTs, pancytopenia, and hepatosplenomegaly. Most cases 
are young men (age <35 years) and have a history of receiv-
ing combination thiopurines and anti-TNF therapy [ 148 ].   

    Summary 

 Hepatobiliary diseases are not uncommon in patients with 
UC. Among a variety of hepatobiliary diseases encountered 
in UC, PSC is the most common and likely to share 
 pathogenesis with UC. A diagnosis of PSC is based on a 
 constellation of clinical, biochemical, and typical 
 cholangiographic features. The response to a variety of 

C. Bunchorntavakul and K.R. Reddy



453

 medical therapies for PSC has varied. The most common 
agent that has been widely utilized is UDCA, and there have 
been mixed results. Recent data found that high-dose UDCA 
may even be harmful. Cancer surveillance, management of 
portal hypertension and its complications, and treatment of 
manifestations of cholestasis in those with PSC are clinically 
relevant. To a lesser extent, PSC variants and overlap of PSC 
and AIH can also be encountered, in addition to other miscel-
laneous hepatobiliary conditions, such as fatty liver, PVT, 
PBC granulomatous hepatitis, and hepatic amyloidosis. ISAs 
used for UC can be associated with various patterns of DILI 
and can reactivate chronic hepatitis B. Anti-HBV prophy-
laxis is recommended in UC patients with chronic HBV 
prior to pursuing treatment with ISAs.     
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        Introduction 

    Ulcerative colitis (UC) is an infl ammatory bowel disease 
(IBD) characterized by a heterogeneous disease course, 
unpredictable disease activity, and variable response to treat-
ment [ 1 ]. Disease classifi cation is based on clinical features 
such as number of stools with or without blood, abdominal 
pain, signs of systemic toxicity, and laboratory or imaging 
abnormalities [ 2 ]. UC usually develops in a younger popula-
tion with few comorbidities [ 3 ] and carries signifi cant poten-
tial to adversely affect a patient’s welfare, thus presenting a 
protracted challenge for healthcare providers to stave off its 
debilitating consequences. Patients with UC more frequently 
reported lower health-related quality of life (HRQOL) [ 4 ], 
and selection of appropriate therapy is crucial. 

 The goal of medical management is to induce rapid remis-
sion, maintain long-term remission, improve quality of life, 
reduce the need for chronic steroids, minimize disease- or 
therapy-related complications, and avoid surgery. Mucosal 
healing has also been recently introduced as a more objective 
outcome measure [ 5 ,  6 ], and its lack has been associated 
with a more aggressive disease course and poorer patient 
outcomes [ 7 ,  8 ]. Over a 10-year period, approximately two- 

thirds of UC patients will suffer one or more relapses [ 9 ] 
which are associated with higher incidence of complications 
[ 10 ], increased healthcare spending [ 10 – 12 ], and decreased 
quality of life [ 4 ,  13 ]. 

 Traditional therapy has included sulfasalazine, mesala-
mine, and corticosteroids, which are effective in a proportion 
of IBD patients with mild to moderate colitis. The develop-
ment of immunomodulating and biologic agents has opened 
a new dialogue surrounding optimal setting for delivery of 
these medications. With the advent of innovative therapies, 
advances in surgical techniques, and improved understand-
ing of pathophysiology, focus has shifted toward individual-
izing our management approach to IBD and optimizing 
utilization of current resources. Central to this discussion is 
whether the traditional “step-up” approach to therapy should 
be modifi ed and if these more intensive therapies should be 
introduced earlier in the course of the disease. 

 Prior to the development of potential “top-down” treatment 
algorithms that begin with higher drug intensity selection, it is 
imperative to be able to justify exposure to potential drug tox-
icities by identifying those who will develop more complicated 
disease—a task that is currently impossible due to the unpre-
dictable nature of UC. This chapter outlines the rationale for a 
 proactive  step-up approach to therapy in UC, identifi es early 
indicators, which can help guide choice of therapy, and intro-
duces treatment intensities for different severity scenarios.  

    Disease Course 

 Established defi nitions classify disease activity and are 
widely applied in clinical trials and everyday practice [ 14 ], 
but they lack predictive power regarding overall disease 
course. UC follows a variable path, with more than 50 % of 
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patients fi rst manifesting with mild colitis and up to 19 % of 
patients initially presenting with severe colitis [ 15 ,  16 ]. 
Population-based studies of the natural history of UC found 
that the majority of patients experience indolent, intermit-
tently relapsing disease pattern, with half of those cases 
being in remission at any point in time [ 17 ,  18 ]. A smaller 
fraction of patients have mostly quiescent disease, and the 
rest suffer from relentlessly active colitis [ 19 ,  20 ]. This dis-
tribution has held relatively constant despite advances in 
medical therapy. A longer length of period with fl ares or 
remission increases the likelihood of having a similar course 
in the following years, but by 25 years after diagnosis, it has 
been estimated that as many as 90 % of patients will continue 
to suffer from intermittent fl ares [ 21 ]. Figure  42.1 , adapted 
from Langholz et al., demonstrates the varied and fl uctuating 
nature of UC between years 3 and 7 after diagnosis, where 
25 % of patients stayed in remission, 57 % had intermittent 
fl ares, and 18 % had active disease [ 22 ].

   Investigations to uncover clinical predictors of long-term 
disease course have been unsuccessful. Ritchie et al. found 
that there was no relationship between future disease course 
and disease extent or severity at the fi rst attack. However, 
there was an association between disease extent during an 
attack year and maximal disease severity that year [ 18 ], 
which was confi rmed later by Langholz et al. [ 22 ]. These 
fi ndings indicate that severity and disease extent during an 
exacerbation are prognostic of only the immediately subse-
quent clinical course, without providing information on 
long-term disease. Thus, while our arsenal has expanded, a 
semi-prophylactic approach utilizing higher-intensity thera-
peutics in low disease activity states does not make sense 
when accounting for the potential risks of these drugs. 

 Colectomy rates are higher in the fi rst year after diagnosis 
as clinicians attempt to subdue disease activity [ 19 ], but an 
active therapeutic approach can bring overall rates as low as 
9 % by 10 years after diagnosis [ 23 ]. However, moderate 
attacks of colitis carry a 20 % colectomy rate, and severe 
attacks have colectomy rates as high as 47 % despite IV cor-
ticosteroids [ 24 ]. Extent of disease is also a factor in stratify-
ing disease severity, with as many as 60 % of patients with 
pancolitis requiring surgery at 3 months [ 25 ]. However, 
unlike with CD, there is no accurate model to predict whether 
an individual with UC will progress to easily controlled inter-
mittent fl ares or acute spikes in activity requiring surgery.  

    A Top-Down Strategy? 

 Certain differences must be underscored when explaining 
the divergence in approach to therapy for CD and UC. In CD, 
where clinical, serologic, genetic, and endoscopic data allow 
providers to forecast outcomes and surgical resection rates 
approach 80 % by 20 years after diagnosis, a top-down 
approach to inducing and maintaining remission has gained 
acceptance in clinical practice. The landmark ACCENT I 
study showed that CD patients who achieved mucosal heal-
ing with infl iximab required fewer hospitalizations, surger-
ies, and ICU admissions [ 26 ]. This is logical given that 
unchecked infl ammation will increase the complication rate 
and result in fi stula or stricture formation [ 27 ]. To prevent 
these deleterious effects, a higher-intensity strategy aimed at 
suppressing infl ammation has been successfully utilized in a 
subset of CD patients prone to a more severe disease out-
come. However, this has not translated over to the treatment 

  Fig. 42.1    Graphical presentation 
of the activity courses for 600 
patients during 3–7 years after 
diagnosis. Adapted with 
permission from Elsevier [ 22 ]       
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of UC, where disease course fl uctuates as demonstrated in 
Fig.  42.1 , and overall surgical rates are as low as 9 % at 
10 years after diagnosis [ 23 ] and 20 % at 25 years of diagno-
sis [ 22 ]. With the established approach to therapy for UC, 
long-term survival rates equal those for age-matched con-
trols, and there has been no difference from the general pop-
ulation in the capacity of UC patients to hold employment 
[ 19 ], with over 90 % of UC patients deemed fully capable of 
working after 10 years of diagnosis [ 22 ]. Since there is 
potential for a relatively benign disease course, adequate dis-
ease control is achievable with low-intensity therapy, and 
survival rates remain relatively high, our strategy in the treat-
ment of UC continues to follow a step-up approach.  

    A Proactive, Step-Up Approach 

 Given our inability to identify and initiate early treatment in 
patients who will suffer from severe disease, focus should be 
shifted toward swiftly instituting targeted therapy based on 
early markers for disease activity. Thus, clinicians need not 
take a passive approach to treating disease fl ares and wait for 
symptoms to erupt. Validated clinical scores gauging disease 
severity combined with objective markers indicating degree 
of brewing infl ammation can enable providers to take a  pro-
active  step-up approach to decide appropriate treatment 
intensity. Formal research evaluating the validity of these 
early disease markers as diagnostic and prognostic tools in 
IBD should be an area of future investigation. 

    How Is Disease Severity Best Measured? 

 Scoring scales have been validated to distinguish classes of 
disease severity. In 1955, Truelove and Witts published the 
fi rst clinical criteria for classifying disease severity [ 28 ]. 
Mild disease was defi ned as fewer than four bowel move-
ments per day with trace or no blood in the stool, without 
other signs of systemic toxicity, and a normal ESR. Severe 
disease was six or greater bloody stools daily, evidence 
of systemic toxicity (such as fever or tachycardia), anemia, 
and an elevated ESR. The American College of 
Gastroenterologists further clarifi ed the defi nitions of mod-
erate disease as cases with four stools daily with minimal 
signs of toxicity and fulminant disease for cases with more 
than ten bowel movements daily with continuous rectal 
bleeding, signs of systemic toxicity, abdominal tenderness 
or distension, anemia requiring transfusion, or colonic dila-
tation on imaging [ 2 ]. 

 While symptom profi le is the traditional measure to which 
therapy is titrated, mucosal healing has been implicated as a 
better gauge of long-term disease control and prognosis. 
Advances in endoscopy led to the inclusion of endoscopic 

appearance in parallel with clinical features by scales such as 
the UC-DAI and the Mayo score [ 29 ,  30 ]. One early study 
revealed that 40 % of patients who also achieved endoscopic 
remission after acute treatment versus 18 % of patients who 
still had endoscopic disease remained asymptomatic during 
the following year [ 31 ]. Increased infl ammation has been 
correlated with higher colectomy and hospitalization rates in 
UC patients [ 32 ], and mucosal healing may help prevent dis-
ease extension and development of dysplasia. During an 
active fl are, mucosal infl ammation is often seen, and therapy 
is subsequently “stepped-up.” However, when evaluating the 
effi cacy of maintenance therapy, we also propose that the 
presence of mucosal infl ammation on endoscopy be a prompt 
for providers to consider “stepping-up” treatment intensity, 
especially in the presence of biomarker elevations which are 
outlined below.  

    What Are Early Markers of Disease Activity? 

 Laboratory markers, such as serum C-reactive protein (CRP), 
fecal calprotectin, and fecal lactoferrin, have been studied 
with the goal of providing measurable objective markers of 
disease activity and to avoid costly, invasive procedures. 

 Serum C-reactive protein (CRP) has been a useful tool for 
gauging disease activity, as its production is not altered by 
immunosuppressive medications, and its levels correlate 
with clinical severity and endoscopic infl ammation [ 33 – 35 ]. 
A CRP level >12 mg/L has been suggested to be a marker of 
severe and extensive disease [ 36 ], and sustained elevation 
despite medications is indicative of inadequacy of therapy 
[ 35 ]. High CRP levels may be predictive of need for colec-
tomy, as shown by an early study correlating CRP >45 mg/L 
with colectomy by 4 months [ 37 ,  38 ] and a later population- 
based study which found that persistent CRP levels >10 mg/L 
after 1 year of treatment with surgery by 4 years [ 39 ]. 
Because CRP is not affected by immunosuppressive medica-
tion, a decrease in its level is considered an objective marker 
of the effect of medical therapy on intestinal infl ammation, 
even if there is no change in symptomatology [ 35 ]. 

 Fecal calprotectin and fecal lactoferrin, two proteins 
involved in regulating the infl ammatory process, are nonin-
vasive, objective biomarkers for grading mucosal disease 
activity in IBD. Their potential diagnostic and prognostic 
utility have been studied, but due to lack of coverage for 
these tests by insurance companies, they are not commonly 
used, even in academic centers. 

 Fecal calprotectin is an iron-binding protein found pri-
marily in neutrophils, and stool concentrations are being 
used as a surrogate marker for gut infl ammation given its 
correlation with neutrophil incursion into the gut lumen [ 39 ]. 
Stool concentrations are increased in active UC, with a level 
greater than 50 mcg/g having over 79 % specifi city and 91 % 

42 Step-Up Versus Top-Down Therapy in Ulcerative Colitis



460

sensitivity for differentiating active versus inactive disease 
[ 39 ]. Stool calprotectin levels were found to correlate with 
degree of infl ammation rather than disease extent [ 40 ], and 
concentrations in active UC patients were signifi cantly 
higher than patients with inactive UC or control patients 
(402.16 mcg/g ± 48.0 vs. 35.93 mcg/g ± 3.39 vs. 
11.5 mcg/g ± 3.42,  p  < 0.01) [ 39 ]. Additionally, a strong rela-
tionship between disease activity index (DAI) and fecal cal-
protectin was observed in the same cohort of patients 
( r  = 0.866,  p  < 0.001), with calprotectin ranging from 100 to 
500 mcg/g for DAI 6–9 and 500 to 1,000 mcg/g for DAI 
above 9 (more severe disease). 

 Fecal lactoferrin is another iron-binding protein secreted 
into the gut by activated neutrophils and is another surrogate 
for intestinal infl ammation [ 41 ,  42 ]. It has been shown to be 
an accurate diagnostic tool for UC with a sensitivity of 92 % 
and specifi city of 88 % [ 41 ] and can also be used to monitor 
disease activity. Lactoferrin concentrations are increased in 
active UC, with greater than 90 % correlation of levels to 
disease activity [ 42 ,  43 ]. Patients with active UC had signifi -
cantly higher fecal lactoferrin levels than patients with inac-
tive UC or control patients (median 51.1 mcg/mL, range 
0–104 vs. 4.34 mcg/mL, 1–1,669 vs. 1.82 mcg/mL, 0–90) 
[ 44 ]. Patients with elevated fecal lactoferrin levels were also 
found to be prone to a disease fl are when tapered off steroids 
[ 43 ]. These markers also have prognostic utility—with nor-
malization of calprotectin predicting complete response to 
treatment and lactoferrin levels decreasing in correspon-
dence to a decrease in Mayo score [ 45 ]. 

 Findings of moderate-to-severe symptoms, endoscopic 
infl ammation, or abnormal objective markers of infl amma-
tion, such as a persistently elevated fecal calprotectin 
>50 mg/kg, fecal lactoferrin, or serum CRP >12 mg/L despite 
4 days of therapy, should prompt escalation to higher inten-
sity of therapy.   

    Matching Treatment Intensity to Severity 
Scenarios 

 A primary goal of therapy is to “do no harm”—therefore pro-
viders must select medications for which the risk benefi t 
ratio is balanced. Figure  42.2  shows our step-up model and 
breakdown of classes of therapeutic intensity. Patients with 
controlled disease on no medications or 5-ASAs via the topi-
cal or systemic route only are receiving a low-intensity treat-
ment. While moderately active UC had been recognized as a 
clinically and endoscopically distinct category, its therapeu-
tic algorithm had often been borrowed from mild or severe 
disease. A moderate-intensity regimen is indicated in those 
not adequately controlled on systemic or topical 5-ASAs and 
includes topical or systemic 5-ASAs in conjunction with 
corticosteroids or the addition of immunomodulators for 
those intolerant of corticosteroids or requiring greater than 
two courses of corticosteroids within 1 year. A high-intensity 
strategy would be reserved for those with persistent symp-
toms on moderate-intensity medications and includes anti- 
TNF agents, cyclosporine, or experimental drugs not 

  Fig. 42.2    A step-up algorithm 
matching treatment intensity to 
disease severity.  5-ASAs  
5-aminosalicylates,  IM  
immunomodulators,  anti-TNFs  
anti-tumor necrosis factor agents, 
 CsA  cyclosporine       
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currently indicated for the treatment of UC. All these 
 therapies are associated with potentially toxic effects, and 
these risks must be weighed against the need to attain disease 
control in every individual.

      Low-Intensity Therapy: Topical 
and Systemic 5-ASAs 

    Systemic 5-ASAs 
 Aminosalicylates are the key to a low-intensity strategy to 
treatment of mildly active UC. Oral aminosalicylates are 
clearly effective at inducing therapeutic response in any-
where from 40 to 80 % of UC patients at 4 weeks, and their 
use as a fi rst-line therapy in most UC patients has been 
widely accepted [ 2 ,  46 ,  47 ]. A recent 2012 Cochrane review 
investigated the ability of 5-ASAs versus placebo to induce 
remission in UC [ 48 ]. 5-ASA outperformed placebo for all 
endpoints—including adherence, adverse events, drug dis-
continuation, and clinical or endoscopic improvement—with 
72 % of 5-ASA users versus 85 % of placebo patients failing 
to attain clinical remission (RR 0.86, 95 % confi dence inter-
val [CI] 0.81–0.91). There was also a trend toward 5-ASA 
superiority over sulfasalazine in inducing remission (RR 
0.90, 95 % CI 0.77–1.04), and fewer 5-ASA patients had 
adverse events versus sulfasalazine users (15 % vs. 29 %, RR 
0.48, 95 % CI 0.37–0.63). 

 After induction, mesalamine is used as maintenance ther-
apy for UC [ 48 – 50 ]. A meta-analysis of mesalamine in the 
maintenance of remission in quiescent UC showed 5-ASA 
superiority over placebo, with 41 % of treatment versus 58 % 
of placebo patients suffering a relapse (RR 0.69, 95 % CI 
0.62–0.77) [ 51 ]. The rate of adverse events between 5-ASA 
and placebo, different 5-ASA dosages, or various 5-ASA 
dosing strategies did not differ, and compliance rates were 
similar in all groups. 

 Although the above meta-analyses found no difference 
among various 5-ASAs, variations in dosing timing, delivery 
system, or volume reaching the colon are still believed to 
translate into some variation in clinical response [ 51 ]. 
Adherence to a regimen might be considered a more impor-
tant factor than the 5-ASA formulation, as noncompliant 
patients are reported to have greater than a fi ve times increased 
risk of recurrence (95 % CI 2.3–13,  p  < 0.001) [ 52 ,  53 ].  

    Topical 5-ASAs 
 Rectal 5-ASAs achieve higher levels of 5-ASA in the distal 
colon, and fi ndings of higher rectal 5-ASA concentrations in 
patients without bloody stools than those with bloody stools 
suggest that maintaining high mucosal concentrations may 
be the factor determining effi cacy of 5-ASAs [ 54 ]. 5-ASA 
enemas can also be used in combination with oral 5-ASAs to 
control symptoms in patients with extensive disease [ 55 ,  56 ]. 

Safdi et al. showed that combining 2.4 g of oral mesalamine 
with mesalamine enemas resulted in more rapid and com-
plete symptom control in left-sided colitis [ 56 ]. Limitations 
to this mode of delivery include patient preference, although 
there is strong evidence to support its use in the presence of 
distal colitis.   

    Moderate-Intensity Therapy: 5 
ASAs + Immunodilators, Steroids 

    5-ASAs 
 Higher doses lead to a higher mucosal concentration of 
5-ASA, which is inversely related to endoscopic and histo-
logic activity in UC ( r  = 0.712,  p  < 0.001) [ 57 ]. The ASCEND 
trials were randomized controlled phase 3 clinical trials that 
compared 4.8 g/day of mesalamine versus 2.4 g/day of mesa-
lamine in achieving complete remission or response to ther-
apy from baseline. Both ASCEND I and II demonstrated 
superiority of higher-dose mesalamine among patients with 
moderate UC, with a nonsignifi cant decrease in median time 
to achieving normal stool frequency and resolution of rectal 
bleeding [ 58 ,  59 ]. In ASCEND III, higher dose mesalamine 
was more effective in patients with diffi cult to treat disease 
who had previously required corticosteroids or multiple 
agents [ 60 ]. There was no difference in adverse events among 
the two dosing strategies [ 58 – 60 ]. 

 The benefi ts of greater mesalamine doses in high-risk 
relapsers were further demonstrated by Frieri et al., where 18 
patients had a decrease in recurrence episodes from 80 over 
2 years to 8 over the following 2 years, after increasing the 
oral 5-ASA dose to 4.8 g daily and adding daily 5-ASA ene-
mas [ 61 ]. There was a 100-fold increase in mucosal 5-ASA 
levels (median, 3–260 ng/mL) to which the authors attrib-
uted the striking clinical differences—over the fi rst 2 years, 
there were 33 prescribed courses of corticosteroids, 93 hos-
pital days, and 249 outpatient visits; this decreased to zero 
steroid courses or hospital days and 116 outpatient visits 
using higher-dose combination 5-ASA therapy. However, 
expecting patients to adhere to such a strict regimen is not 
realistic, and disease that is active despite systemic 5-ASAs 
often prompts consideration of higher-intensity strategies. 

 Initial treatment of active UC should be based on disease 
severity, with conventional 2.4 g/day dosing being effective 
in mild disease and higher doses providing incremental ben-
efi t for moderately active disease, especially those who have 
previously required corticosteroids or multiple agents to con-
trol symptoms.  

    Thiopurines 
 Thiopurines have long been used in Crohn’s disease [ 62 ], 
and this benefi t has also been demonstrated in moderately 
active UC [ 63 – 65 ]. In 2008, a meta-analysis of thiopurines in 
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UC found that azathioprine was superior to placebo, with a 
failure to maintain remission of OR 0.41 (95 % CI  0.24–0.70) 
[ 66 ]. A 2011 meta-analysis confi rmed that azathioprine was 
effective for preventing relapse in quiescent UC (RR 0.60, 
95 % CI 0.37–0.95) and showed a trend toward benefi t in 
active UC (RR 0.85, 95 % CI 0.71–1.01) [ 67 ]. This outcome 
has been attributed the ability of thiopurines in achieving 
long-term mucosal healing in UC [ 68 ]. 

 Ardizzone et al. conducted an RCT of azathioprine versus 
5-ASA for steroid-dependent UC and found that 50 % of 
patients using azathioprine versus 35 % of 5-ASA treated- 
patients achieved clinical and endoscopic remission to a 
degree that allowed for discontinuation of steroid therapy 
[ 69 ]. At 6 months, clinical remission rates were similar, but 
the azathioprine group had a signifi cantly higher rate of 
endoscopic remission. Additionally, the 5-ASA group also 
required an additional course of steroids to achieve these 
effects, and the authors of this study hypothesized that aza-
thioprine’s ability to induce mucosal healing may be the rea-
son for its effi cacy. 

 Thiopurines are slow-acting drugs, and it can take up to 
6 months to achieve a therapeutic response, thus limiting 
their utility in acute relapses. Use is further limited by the 
high rate of side effects, which typically manifest in the fi rst 
month, and a signifi cant toxicity profi le [ 66 ]. Some dose- 
dependent toxicities include myelosuppression and hepato-
toxicity; rarer dose-independent effects include pancreatitis, 
nausea, pneumonitis, and a slightly increased risk of lym-
phoma [ 66 ,  70 ].  

    Corticosteroids 
 Corticosteroids are successful at rapidly inducing remission 
for symptoms that persist or worsen despite medical therapy 
[ 28 ,  71 ], and their role has been fi rmly established for active 
UC. While immunologics and biologics expand our options 
against moderate-to-severe UC, steroids remain at the cen-
ter of therapy given their established effi cacy in inducing 
remission for moderate-to-severe disease. However, the 
metabolic, immunologic, and psychiatric side effects of cor-
ticosteroids stemming from supraphysiologic doses, lengthy 
courses, and withdrawal have resulted in more judicious use 
in mild-to- moderate disease [ 72 ]. Additionally, around 60 % 
of patients have an incomplete response to steroids [ 25 ,  71 , 
 73 ], and a considerable proportion become steroid- 
dependent or fail to respond over time [ 24 ,  71 ]. While newer 
therapies have yet to achieve perfect success controlling 
IBD, they expand our arsenal against moderate-to-severe 
cases of UC. Unlike corticosteroids, these agents may more 
reliably induce mucosal healing, which has been shown to 
alter disease course [ 74 ,  75 ]. Newer therapeutic algorithms 
incorporating these agents are being developed with the 
goals of maximizing remission, minimizing corticosteroid 
dependence, and staving off colectomy.   

    High-Intensity Therapy: Anti-TNFs 
and Cyclosporine 

    Infl iximab 
 The success of anti-TNF agents for the treatment of CD 
prompted investigation in UC patients, with particular inter-
est on those nonresponders to conventional therapy [ 76 ]. 
Infl iximab has since been approved to treat symptoms of 
colitis, induce and maintain clinical remission, and act as a 
steroid-sparing agent in moderately to severely active UC 
patients [ 24 ,  77 ]. 

 The ACT 1 and 2 trials were randomized, double-blind, 
placebo-controlled studies evaluating infl iximab for induc-
tion and maintenance of remission in UC patients who had 
failed immunosuppressives and/or corticosteroids [ 77 ]. The 
primary endpoint of both trials was a clinical response at 
8 weeks, with secondary endpoints including clinical 
response at week 8 in steroid-refractory patients, discontinu-
ation of steroids at week 30, and sustained clinical remission 
at week 30 in ACT-2 and week 54 in ACT-1. Almost one- 
third of the patients had steroid-refractory UC, defi ned as 
persistent symptoms despite an equivalent of ≥40 mg/day of 
prednisolone orally for two or more weeks or intravenously 
for one or more week. Clinical response was signifi cantly 
greater with infl iximab, and sub-analysis revealed preserva-
tion of this effect in steroid-refractory patients. In both trials, 
infl iximab-induced clinical remission was associated with 
the discontinuation of corticosteroid use at week 30. 

 An extension study of the ACT-1 and -2 cohorts evaluated 
those patients who achieved benefi t from infl iximab and fol-
lowed them for three subsequent years of therapy. The initial 
improvement in PGA score or IBDQ scores continued for 
the duration of therapy, without an increase in adverse events 
[ 78 ]. Infl iximab was associated with a 50 % decrease in the 
hospitalizations, which has been hypothesized to result in 
increased HRQOL [ 79 ,  80 ]. A post hoc analysis of the ACT-1 
and ACT-2 data found that maintenance with infl iximab 
resulted in an absolute risk reduction of 7 % in colectomy 
rates [ 81 ], confi rming fi ndings in earlier pilot studies [ 24 , 
 82 ]; however, it should be noted that patients thought to 
require colectomy within 12 weeks of enrollment were 
excluded from the ACT trials. A 2008 retrospective review 
of acute severe UC found that although the risk of urgent 
colectomy was decreased with infl iximab use in steroid- 
refractory patients, there was actually no difference in long- 
term elective colectomy rates [ 83 ]. 

 Infl iximab can have serious adverse effects, but mucosal 
healing with infl iximab can potentially lead to improved out-
comes [ 84 ,  85 ]. Toxicities include risk of infection, which is 
potentiated by concomitant steroid use, skin eruptions, and 
less commonly malignancy and neurologic diseases [ 86 ]. 
There is the additional risk of antibody formation to  infl iximab 
from infusion reactions, serum-like sickness, and attenuation 
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of response [ 87 ]. Infl iximab is contraindicated in certain 
 settings—with active infection, multiple sclerosis, severe 
heart failure, or a history of optic neuritis or malignancy [ 87 ]. 
Clinicians must weigh the risks of infl iximab toxicity against 
the potential benefi ts on long-term outcomes.  

   Adalimumab 
 Given the success seen with infl iximab in UC patients and 
adalimumab in CD patients, adalimumab was subsequently 
evaluated for the treatment of UC, with the rationale that 
anti-murine antibodies to infl iximab would not infl uence the 
effi cacy of a completely human anti-TNF monoclonal anti-
body. Anti-TNF-naïve and experienced UC patients were 
evaluated for short- and long-term response to adalimumab, 
with results indicating a role for adalimumab as a 
corticosteroid- sparing agent in UC [ 88 ] and long-term 
colectomy- free rates in these severely active UC patients 
reaching as high as to 59 % at 2 years [ 89 ]. 

 The fi rst randomized, double-blind placebo-controlled 
study evaluating adalimumab for induction and mainte-
nance of remission in anti-TNF naïve patients with moder-
ately to severely active UC who had failed 
immunosuppression found that adalimumab was safer and 
more effective than placebo in both induction of remission 
(19 % vs. 9 % at week 8) [ 90 ]. A second recently published 
trial, ULTRA 2, evaluated adalimumab in patients who had 
failed immunosuppressants or previous anti-TNF agents 
and showed that adalimumab was more effective in induc-
tion and maintaining remission, with response rates of 
17 % vs. 9 % at weeks 8 and 52 [ 91 ]. Based on these results, 
adalimumab was recently approved for the treatment of 
moderately to severely active UC unresponsive to cortico-
steroids or thiopurines. Further studies evaluating its effi -
cacy against currently used therapies have yet to be 
conducted.  

   Golimumab 
 Golimumab is a fully humanized monoclonal immunoglobu-
lin also directed against TNF-α. Genetically engineered mice 
were immunized with human anti-TNFα resulting in an anti-
body with a human-derived variable and regions that are 
constant. The variable region of golimumab binds to both the 
soluble and transmembrane bioactive forms of TNF-α and as 
a result inhibits the biological activity of TNF-α. Golimumab 
has been shown in vitro to modulate the biological effects 
mediated by TNF including the expression of adhesion pro-
teins responsible for leukocyte infi ltration (E-selectin, 
ICAM-1, and VCAM-1) and the secretion of proinfl amma-
tory cytokines (IL-6, IL-8, G-CSF, and GM-CSF). 

 Golimumab has been approved by the Food and Drug 
Administration in the United States to treat moderately to 
severely active rheumatoid arthritis (RA), active psoriatic 

arthritis, active ankylosing spondylitis (AS), and recently 
gained regulatory approval in 2013 for the treatment of 
moderate- to-severe UC patients who have had an inadequate 
response or intolerance to prior conventional treatments or 
who require continuous steroid therapy. Golimumab is given 
subcutaneously, and for UC, the dosage recommended is 
200 mg initially at week 0 and then 100 mg at week 2 and 
then 100 mg every 4 weeks. 

 A combined double-blind placebo-controlled phase 2 
dose-fi nding and phase 3 dose-confi rmation trials demon-
strated golimumab’s effi cacy for induction of a clinical 
response and remission in patients with moderate-to-severe 
ulcerative colitis (PURSUIT) [ 92 ,  93 ]. There were 1,064 
adult patients with moderately to severely active UC (Mayo 
score: 6–12, endoscopy subscore ≥2). Patients were ran-
domly assigned to groups given golimumab doses of 100 mg 
and then 50 mg (phase 2 only), 200 mg and then 100 mg, or 
400 mg and then 200 mg, 2 weeks apart. The phase 3 pri-
mary endpoint was a clinical response at week 6. The sec-
ondary endpoints included clinical remission, mucosal 
healing, and IBDQ score change at week 6. In phase 2, 
median changes from baseline in the Mayo score were −1.0, 
−3.0, −2.0, and −3.0 in placebo and 100 mg/50 mg, 
200 mg/100 mg, and 400 mg/200 mg golimumab respec-
tively. In phase 3, rates of clinical response at week 6 were 
51.8 % and 55 % among patients given 200 mg/100 mg and 
400 mg/200 mg golimumab respectively vs. 29.7 % in the 
placebo group ( p  < 0.0001). Rates of clinical    remission and 
mucosal healing and mean changes in the IBDQ scores were 
signifi cantly greater in both the golimumab and placebo 
groups ( p  ≤ 0.0005). 

 In the phase 3, double-blind trial evaluating golimumab 
in the maintenance of a clinical response in patients with 
moderate- to-severe UC, patients who responded to the ini-
tial golimumab induction therapy were randomly assigned 
to groups given placebo or injections of 50 or 100 mg of 
golimumab every 4 weeks through week 52    [ 93 ]. Four hun-
dred sixty-four patients were included in this study. Patients 
who responded to placebo in the induction study continued 
to receive placebo. Nonresponders in the induction study 
received 100 mg golimumab. The primary outcome was a 
clinical response maintained through week 54 and second-
ary outcomes included clinical remission and mucosal 
healing at week 30 and week 54. Clinical response was 
found to be maintained in 47.0 % receiving 50 mg golim-
umab, 49.7 % receiving 100 mg golimumab, and 31.2 % 
receiving placebo ( p  = 0.010 and  p  < 0.001 respectively). At 
weeks 30 and 54, 27.8 % patients who received 100 mg 
golimumab were in clinical remission and 42.4 % had 
mucosal healing compared to placebo (15.6 % and 26.6 %, 
 p  = 0.004 and  p  = 0.002, respectively) or 50 mg golimumab 
(23.2 % and 41.7 %).   
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    Vedolizumab 

 Natalizumab, a humanized IgG4 monoclonal antibody 
directed against the a4 integrin adhesion molecule involved 
in endothelial leukocyte migration, was approved by the 
Food and Drug Administration (FDA) for the treatment of 
Crohn’s disease for both induction and maintenance of 
remission. Patient and physician concerns over its associa-
tion with progressive multifocal leukoencephalopathy have 
led to a search for gut-specifi c anti-integrin action that would 
eliminate this risk. Drugs with selective effects in the alpha-4 
beta-7 integrin and mucosal adhesion molecule (MadCAM-1) 
pathway were investigated. Vedolizumab, as a consequence 
of this pursuit, was born. 

 The results of the subsequent GEMINI studies investigat-
ing vedolizumab for both induction and maintenance in 
ulcerative colitis and Crohn’s disease were published in 
2013. In the Crohn’s disease study, 368 patients were ran-
domized to vedolizumab or placebo [ 94 ]. Disease activity 
was measured at week 6 by assessing the reduction of 
Crohn’s disease activity index (CDAI). 

 Patients on vedolizumab had a statistically signifi cant dif-
ference in clinical remission of 14.5 % versus 6.8 % in pla-
cebo ( p  < 0.02) but no difference in CDAI-100 response or 
reduction in mean C-reactive protein (CRP) levels. A second 
cohort was given open-label vedolizumab, and a total of 461 
responders from both cohorts continued in the maintenance 
portion of the trial; patients were randomized to receive 
drug every 4 or 8 weeks or placebo for 52 weeks. There was 
statistical signifi cance in clinical remission, CDAI-100 
response, and glucocorticoid-free remission at week 52 in 
every 4- or 8-week group versus placebo ( p  < 0.001 and 
0.004, respectively). 

 A similarly designed study was conducted for vedoli-
zumab in ulcerative colitis; 374 patients were randomized to 
either drug or placebo as part of induction [ 95 ]. The response 
for week 6 was measured by the Mayo score and documented 
mucosal healing. During induction, 47.1 % of the patients on 
vedolizumab versus 25.5 % of the patients on placebo 
achieved remission ( p  < 0.001). A second cohort of patients 
received open-label vedolizumab, and responders from both 
cohorts were included in the maintenance trial that evaluated 
clinical remission at week 52. Patients were randomized to 
receive drug every 4 or 8 weeks or placebo. A total of 41.8 % 
maintained remission when receiving medication every 
8 weeks compared with 44.8 % who received drug every 
4 weeks; patients on placebo had maintenance of remission 
at a rate of 15.9 %. There was a statistically signifi cant dif-
ference in maintenance of remission between patients who 
received drug every 8 weeks versus placebo ( p  < 0.001) and 
those receiving drug every 4 weeks versus placebo ( p  < 0.001). 
Based on these fi ndings, the drug was approved for use in 
adults with moderate-to-severe ulcerative colitis and 

moderate- to-severe Crohn’s disease when one or more 
 standard therapies (corticosteroids, immunomodulators, or 
tumor necrosis factor blocker medications) have not resulted 
in an adequate response. 

   Cyclosporine 
 Cyclosporine has long been used to rapidly induce remission 
in diffi cult cases but requires providers and patients to adhere 
to strict monitoring for toxicity. In an early study, intrave-
nous cyclosporine was shown to be effective in severe UC 
refractory to IV glucocorticoids [ 96 ], where 9 out of 11 
patients randomized to additional IV cyclosporine at 4 mg/
kg had clinical improvement, and none of the 9 placebo 
patients improved despite continued IV corticosteroids. 
A  later RCT of 20 steroid-refractory UC patients compared 
cyclosporine or continued steroids and was actually stopped 
early due to the benefi ts of cyclosporine [ 97 ]. Given the 
dose-dependent toxicity of IV cyclosporine, later studies 
investigated a lower dose of 2 mg/kg, which has been used in 
other immune-related diseases, and found it to be as effi ca-
cious as a 4 mg/kg dosing regimen [ 98 ,  99 ]. 

 Laharie et al. published results from a head-to-head mul-
ticenter trial, which showed equivalency of infl iximab and 
cyclosporine for induction of remission of severe, steroid- 
refractory UC patients [ 100 ,  101 ]. Patients were randomized 
to IV cyclosporine for 7 days followed by PO cyclosporine 
or IV infl iximab at 0, 2, and 6 weeks. Responders were 
started on azathioprine at day 7, and steroids were tapered 
per protocol. There was no signifi cant difference among 
treatment regimens, with a failure rate of 60 % with cyclo-
sporine and 54 % with infl iximab and day 7 response rates 
around 85 % in both groups [ 101 ]. 

 Despite its established effi cacy in induction of remission, 
use of cyclosporine is generally limited to experienced aca-
demic centers with the ability to monitor concentrations and 
toxicity according to institutional protocols. Cyclosporine 
toxicity is a real danger, with effects including nephrotoxic-
ity, opportunistic infection, hypertrichosis, and a 1–2 % mor-
tality rate [ 102 ]. Additionally, cyclosporine is not used as a 
maintenance drug and requires bridging to other medications 
also needing close surveillance, such as azathioprine or 
6-mercaptopurine.    

    Conclusions 

 The majority of UC patients have a low-to-moderate disease 
activity level which can be managed with a low-intensity 
strategy based on 5-ASAs. For more severe disease, rescue 
medications provide a palatable alternative to surgery. 
Investigations are currently aimed at individualizing therapy 
for those patients who will ultimately require more potent 
medical therapies. Top-down treatment strategies in certain 
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patients could potentially help increase HRQOL and drive 
down indirect costs of therapy, thus offsetting the high up- 
front costs of anti-TNF or immunomodulating agents. 
Unfortunately, the side-effect profi les of these drugs and our 
current inability to identify those who will have more aggres-
sive disease limit our use of moderate- or high-intensity 
medications to those experiencing moderately to severely 
active disease fl ares. 

 Future research will likely confi rm that a  proactive  step-
 up approach to treatment, which incorporates traditional 
measures of disease severity and current diagnostic tools, 
can form a framework in which to stratify UC patients and 
match them to an appropriate therapeutic intensity regimen.     
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   Crohn’s Disease Activity Index (CDAI) , 315, 349  
    Cryptosporidium parvum  , 398  
   Curcumin (turmeric) , 224–225  
   Cyclosporine , 37, 229–230, 323–324  

 acute UC , 154, 155  
 adverse effects 

 diabetes mellitus , 161  
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 food and food allergies , 242  
 fruits and vegetables , 242  
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 pathogenesis 

 adaptive immunity , 378  
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 drug approval process 
 clinical trials , 17  
 investigational new drug application , 16–17  
 new drug application , 18  
 phase III studies , 18  
 phase II studies , 17–18  
 phase I studies , 17  
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 mesalamine and biologics , 20  
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   Gel formulation , 103  
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 absorption , 123  
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 topical corticosteroids 

  vs.  5-ASA , 123  
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 acute severe IV steroid-refractory colitis , 181  
  vs.  ADA and GLM , 187–189  
 biologics , 304  
 combination therapy , 179  
  vs.  cyclosporine , 181  
 high-intensity therapy , 462–463  
 intravenous steroid refractory , 363  
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 randomized open-label trials , 175–176  
 randomized placebo-controlled trials , 176–177  
 remission , 421–422  
 salvage medical therapy , 363, 364  
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 diet , 433–434  
 physician-patient relationship , 433, 437  
 probiotics , 435  
 SIBO , 434  

 mimics , 399  
 pathophysiological mechanisms 
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 postcholecystectomy syndrome , 435  
 proctosigmoiditis , 435–436  

 prevalence , 431–432  
   Irritable pouch syndrome , 371  
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 combination therapy , 259  
 corticosteroid therapy , 263  

 oral nonabsorbed corticosteroids , 260  
 rectal corticosteroids  vs.  placebo , 257  
 topical therapy , 256–257  
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 activity indices , 33–34  
 aminosalicylates 

 5-aminosalicylic acid , 35–36  
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 sulfasalazine , 34–35  

 chronic disease 
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 quality of care , 33  

 clinical remission , 40  
 complications , 40  
 corticosteroids , 36–37  
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 aminosalicylates , 321–322  
 azathioprine , 322–323  
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 delivery mechanism , 69  
 dosing 
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   Mezavant ®  , 59  
   Mimics 
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 chemotherapy-related colitis , 401  
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  Cryptosporidium parvum  , 398  
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  Escherichia coli  , 394–395  
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   Montréal Classifi cation , 350  
   Morisky Medication Adherence Rating Scale , 331  
   Moxibustion , 226–227  
   mTOR inhibitors , 155  
   Mucosal friability , 352  
   Mucosal healing (MH) 

 adalimumab , 50  
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   Palifermin , 401  
   Parenteral nutrition , 270  

 adjunctive therapy , 413  
 primary therapy , 413  
 TPN , 414–415  

   Parnaparin sodium , 223  
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   Pediatrics 

 antibiotics , 283  
 biologics , 286  
 combination 5-ASA therapy , 283  
 corticosteroids , 283–285  
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 short-chain fatty acid (SCFA) enemas , 373  

   Pouchitis Disease Activity Index (PDAI) , 200, 215  
   Powell-Tuck Index (PTI) , 33, 349  
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 corticosteroids , 275  
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   Psychological interventions , 227  
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   Rebamipide , 231  
   Remission 

 aminosalicylates 
 oral aminosalicylates , 419, 420  
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