
Intestinal Polyposis
Syndromes

Lisa A. Boardman
Editor

Diagnosis
and Management

123



  Intestinal Polyposis Syndromes 



                 



       Lisa   A.   Boardman     
 Editor 

 Intestinal Polyposis 
Syndromes 
 Diagnosis and Management 



 ISBN 978-3-319-28101-8      ISBN 978-3-319-28103-2 (eBook) 
 DOI 10.1007/978-3-319-28103-2 

 Library of Congress Control Number: 2016932399 

 Springer Cham Heidelberg New York Dordrecht London 
 © Springer International Publishing Switzerland   2016 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

 Springer International Publishing AG Switzerland is part of Springer Science+Business Media 
(www.springer.com) 

 Editor 
   Lisa   A.   Boardman    
  Division of Gastroenterology 
 Mayo Clinic 
  Rochester ,  MN ,  USA   

www.springer.com


v

  Pref ace   

 The majority of colorectal cancers arise from sporadic polyps which are likely 
 secondary to a combination of underlying acquired genetic mutations potentiated by 
environmental exposures. However, approximately 5 % of people who develop 
colorectal cancer will have an underlying hereditary colon cancer syndrome that is 
associated with an increased polyp burden. Classifi cation of a patient into a specifi c 
polyposis syndrome is based on both clinical features and when possible genetic 
test results, yet determining the precise diagnosis is no small task, given the com-
plexity of the histological variations and clinical features that may overlap between 
these syndromes. Similarly, the risks for extracolonic polyps or cancers as well as 
the risk for the development of colorectal cancer necessitate an extensive knowl-
edge of how best to diagnose and manage polyp and cancer screening and surveil-
lance for these patients. 

 This book outlines the known hereditary polyposis syndromes including familial 
adenomatous polyposis (FAP) syndrome, attenuated FAP,  MUTYH -associated pol-
yposis, juvenile polyposis syndrome, Peutz–Jeghers syndrome, hereditary mixed 
polyposis syndrome, infl ammatory cap polyposis, PTEN hamartoma syndrome, 
serrated polyposis syndrome, polymerase proofreading-associated polyposis, and 
several other newly identifi ed polyposis syndromes of hereditary colorectal cancer. 
Though not known to be hereditary, Cronkhite–Canada syndrome is also included 
as an intestinal polyposis condition that is associated with an increased risk for 
colorectal cancer. The fi rst chapter of the book is an overview of these intestinal 
polyposis syndromes, demonstrating the degree of overlap among polyp histologies 
and cancer risks while highlighting the diversity of these conditions. Following this 
overview, a chapter is dedicated to each of the known polyposis syndromes and 
outlines the clinical features that are associated with the polyps, the histologic fea-
tures of these polyps, the risk for colorectal and extraintestinal malignancies, the 
known molecular genetic mechanisms that lead to the development of the polyps 
and likely the associated malignancies, cancer surveillance and screening recom-
mendations, and, when available, chemopreventive therapies. 

 The future for those who have an intestinal polyposis syndrome and those who 
care for them will evolve as these intestinal polyposis syndromes are more 
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 meticulously categorized. Ultimately, the molecular etiologies and even the defi ni-
tion of how few polyps constitute a polyposis syndrome will be expanded as whole 
genome and other “omics” technologies are applied to all patients who have devel-
oped polyps and/or colorectal cancer. In fact, during the development of this book, 
four new germline genetic mutations were found to cause intestinal polyposis. 

 Colorectal cancer screening has proved invaluable, and, in fact, the incidence of 
colorectal cancer in the general population has decreased with the use of colonos-
copy and polypectomy. This is particularly useful in some of the polyposis syn-
dromes, but, unfortunately, for patients with polyps that cannot be managed 
endoscopically, the need for surgery continues to be a necessity. The long-term hope 
for patients with polyposis syndromes may be met by further development of che-
mopreventive agents directed at genetically relevant targets, more tailored screening 
and surveillance programs, and possibly methodologies for gene editing or correc-
tion of genetic defects that may ultimately help these patients avoid the need for 
invasive surgeries. In the meantime, our intention is to provide a clear, comprehen-
sive guide for recognition and management of individuals with polyposis 
syndromes.  

  Rochester, MN, USA     Lisa     A.     Boardman     

Preface
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    Chapter 1   
 The Intestinal Polyposes: Clinical 
and Molecular Overview                     

       Tiziana     Venesio     and     Maurizio     Genuardi    

          Introduction 

 The intestinal polyposes are a heterogeneous group of conditions characterized by 
the growth of multiple tumors in the colorectum. Like their isolated counterparts, 
these tumors can undergo stepwise transformation from benign to malignant stages. 

 The fi rst description of a patient with multiple colonic polyps, a 15-year-old boy, 
dates back to 1721 [ 1 ]. A few additional single reports were published throughout 
the nineteenth century, but it was not until 1885 that the fi rst histologically verifi ed 
case of familial adenomatous polyposis (FAP) was published in Russia [ 2 ]. This 
was soon followed by the fi rst reports of familial recurrence of polyposis either in 
siblings or across generations [ 3 – 5 ]. 

 Traditionally, the different forms of polyposes have been recognized based on 
their phenotypic characteristics: number, location, and histological subtype of pol-
yps; risk of progression to colorectal carcinoma (CRC); development of polyps and 
cancer in other gastrointestinal (GI) locations (stomach, small bowel); extraintesti-
nal cancerous and non-cancerous manifestations. Although parent-to-child trans-
mission was apparently not documented for the fi rst familial cases, who were 
affected siblings [ 3 ,  4 ], colorectal polyposis has been considered for a long time as 
an autosomal dominant trait. Of note, the fi rst reported pedigree showing parent-to- 
child transmission had characteristics of a very rare condition, juvenile polyposis 
[ 5 ]. Autosomal recessive transmission was recognized for the fi rst time in 2002 [ 6 ]. 

        T.   Venesio    
  Department of Pathology ,  Institute for Cancer Research and Treatment, University of Torino , 
  Candiolo ,  Italy     

    M.   Genuardi      (*) 
  Institute of Medical Genetics, “A. Gemelli” School of Medicine, Catholic University of the 
Sacred Heart ,   Largo Francesco Vito 1 ,  00168   Rome ,  Italy   
 e-mail: maurizio.genuardi@dfc.unifi .it  

mailto:maurizio.genuardi@dfc.unifi.it
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Since then, the type of family history (vertical or horizontal involvement; sporadic 
presentation) has become an important component of the diagnostic process. 

 However, the intestinal polyposes have substantial phenotypic overlap, which 
can hamper clinical diagnosis (Table  1.1 ). In addition, as patients affected with clas-
sical syndromes are now often diagnosed at presymptomatic stages in the setting of 
predictive genetic testing, a growing proportion of the cases identifi ed through 
endoscopy presents with phenotypes that cannot be easily assigned to one of the 
known polyposis conditions.

   Classifi cation based on the underlying genetic bases can bypass the diffi culties 
met with phenotypic categorization and provides clues on the molecular pathways 
underlying pathogenesis. 

 Furthermore, one of the consequences of the introduction of massive parallel 
sequencing technologies for genetic diagnosis is a faster turnaround time of 
genetic test reports compared to traditional Sanger sequencing. Results can be 
available even before the clinical phenotype has been fully defi ned; consequently, 
early diagnosis by means of genetic testing can inform clinical evaluation to 
establish disease extent. 

 At the same time, histopathological characterization is still a cornerstone in the 
diagnosis of intestinal polyposis. Therefore, before addressing single genetic enti-
ties and outlining their distinctive clinical and molecular features, the main morpho-
logical aspects of colorectal polyps will be briefl y examined.  

    Types of Colorectal Polyps 

 Colorectal polyps associated with inherited syndromes can be grouped into three 
main categories: adenomatous, serrated, and hamartomatous [ 7 ]. 

  Adenomatous polyps  ( adenomas ) (Fig.  1.1a, b ) are the precursors of the majority 
of CRCs. Depending on their structure and growth pattern (pedunculated or sessile) 
they are defi ned as tubular, tubulovillous, and villous adenomas. The potential of 
malignant evolution increases from tubular to villous adenomas. While a polyp is by 
defi nition a lesion protruding in the lumen of a hollow organ, they can also grow as 
fl at or even depressed lesions in the colorectal mucosa. These are more diffi cult to 
detect and, compared to the polyps protruding into the lumen, they may evolve more 
rapidly to carcinoma.

    Serrated polyps   are defi ned by infolded epithelial tufts in the upper crypts and on 
the luminal surface, imparting a saw-tooth confi guration. Two main types of ser-
rated polyps can be recognized:  hyperplastic polyps  and  sessile serrated adenomas/
polyps  (Fig.  1.1c, d ); the former display minimal architectural changes without 
cytological atypia and are usually located in the sigmoid colon and rectum, while 
the latter are often right-sided and large-sized ( > 1 cm) in which the sawtooth out-
line is accompanied by dysplastic changes in the epithelium lining the upper portion 
of the crypts and luminal surface.  The   two types are also distinguished for their 
potential of malignant transformation, which is high for sessile serrated and 

T. Venesio and M. Genuardi
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  Fig. 1.1    Histological appearance of colorectal polyps. Villous adenomas with low grade ( a ) and 
high grade ( b ) dysplasia. Hyperplastic polyp ( c ). Sessile serrated adenoma ( d ). Juvenile polyp ( e ). 
Peutz–Jeghers polyp ( f ). Modifi ed from Ref. [ 7 ]       
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 negligible for hyperplastic polyps. In mixed hyperplastic polyp/adenomas, one or 
more serrated components (hyperplastic or sessile serrated) are associated and/or 
intermingled with classical adenomatous tissue, with separate identifi able areas of 
each histopathological type [ 8 – 10 ]. 

  Hamartomatous polyps  are characterized by a disorganized overgrowth of the 
tissues that normally make up the colorectum. Two main types can be recognized: 
    juvenile polyps,  which are spherical lesions containing edematous tissue that sur-
rounds cystically dilated glands fi lled with mucin (Fig.  1.1e ),  and    Peutz – Jeghers 
polyps , characterized by a central core of arborizing bands of smooth muscle cov-
ered by normal or hyperplastic glandular epithelium (Fig.  1.1f ). Juvenile polyps are 
the main clinical component of juvenile polyposis syndrome. A variety character-
ized by a predominance of myofi broblasts and often diffi cult to  distinguish   from the 
classical juvenile polyps is associated with Cowden syndrome and other conditions 
due to mutations of the  PTEN  gene [ 11 ]. 

   Infl ammatory polyps    are another not infrequent type, but they usually arise in 
patients with infl ammatory bowel disease or other rare conditions, and are very 
rarely found in patients with hereditary polyposes. These are reactive lesions, 
sharing some histological similarity with juvenile polyps, and devoid of malig-
nant potential. 

 On the other hand, some rare lesions, such as  intestinal lipomas  and  ganglioneu-
romas , can be found in hereditary syndromes. 

 The inherited polyposes can be classifi ed into three main subcategories, adenoma-
tous, hamartomatous, and serrated, based on the predominant type of polyps. Although 
serrated polyposis is a well-recognized entity, its genetic basis is still largely unknown, 
so that it currently cannot be considered a proper “genetic” syndrome.  

    Adenomatous Polyposes 

     APC  Associated Polyposis (AAP) 

    Clinical Aspects 

 This  defi nition   encompasses a set of  heterogeneous   autosomal dominant presenta-
tions characterized by the tendency to develop colorectal adenomas. These can be 
differentiated based on the number of polyps ( attenuated ,  classical ,  profuse ). The 
classical form, characterized by the presence of ≥100 adenomas, has been tradition-
ally termed  familial adenomatous polyposis  (FAP). However, since the FAP pheno-
type is also common to other adenomatous polyposes, herewith the term AAP is 
used to defi ne the condition caused by  APC  constitutional mutations. This also 
applies to the attenuated form (known as  attenuated familial adenomatous polypo-
sis  or AFAP), which is defi ned by a lower number of adenomas (<100). Although 
AAP is associated by defi nition with conventional adenomas, serrated polyps are 
also occasionally found [ 12 ]. Before the introduction of prophylactic surgery, the 
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risk of CRC in classical AAP was 100 %, with a median age at diagnosis of 39 years 
[ 13 ]. Attenuated forms are also at high CRC risk, albeit at later ages. 

 AAP is associated with a range of extracolonic manifestations, including benign 
and malignant GI and extra-GI tumors (Table  1.1 ). Subtypes of AAP characterized 
by the presence of specifi c non-GI tumors have been recognized for a long time. In 
Gardner syndrome GI manifestations are associated with osteomas, epidermoid 
cysts, fi bromas, and desmoids. Another subtype is Turcot syndrome (TS), which is 
defi ned by  the   presence of  colorectal   polyps and brain tumors. However, TS is phe-
notypically and genetically heterogeneous. The typical brain cancer in patients with 
 APC  mutations is medulloblastoma, while the other forms of TS, which are due to 
DNA repair defects, are associated with tumors of glial origin (see below).  

    Molecular Aspects 

  APC  is a large gene, coding for a full-length protein containing 2843 amino acids, 
and the  spectrum      of mutations in AAP is highly heterogeneous. Genotype–pheno-
type correlations are well established and explain at least in part the variable pheno-
type [ 14 ]. 

 In the past two decades the characterization of the genetic pathways involved in 
the progression of hereditary CRC syndromes has largely contributed to understand 
the carcinogenesis of CRC. To date three distinct molecular pathways have been 
recognized in sporadic CRC: the  chromosomal instability (CIN)  , the microsatellite 
instability (MSI), and the  CpG island phenotype (CIMP) pathway  ; two of these path-
ways,       CIN and CIMP, have been characterized by studying polyposis syndromes. 

 The fi rst model was associated with AAP/FAP: it was proposed as a reference for 
the adenoma-carcinoma sequence by Fearon and Vogelstein in 1990 [ 15 ]. In this 
model,  APC  and the Wnt pathway play a central role in the process leading to the 
formation of small adenomas. 

 According to this sequence, the key initiating step would be provided by complete 
 APC  loss, which is achieved by somatic inactivation of the second allele. The somatic 
hit of the  APC  gene is a non-random event which strictly depends on the position of 
the  APC  germline mutation and is selected for conferring the best growth advantage 
to the colonocytes [ 16 ]. The APC protein mainly acts as a negative regulator of 
β-catenin, the effector of the Wnt pathway; as a consequence, the greatest growth 
advantage is conferred by germline mutations in the  β-catenin      binding domain, 
around codon 1300, the so-called  Mutation Cluster Region  (MCR). Loss of hetero-
zygosity (LOH), which has been reported in 20 % of FAP adenomas, is the somatic 
hit preferentially associated with MCR germline mutations. By converse, patients 
carrying constitutional alterations located in other regions of the  APC  gene tend to 
select second, or even third, hits in the MCR to compensate for the weaker selective 
advantage of the fi rst germline alteration [ 17 ]. In addition, it has been shown that 
even single mutated  APC  alleles can create changes in the precancerous colon crypt, 
such as increased number of stem cells and increased crypt fi ssion, which are accom-
panied by changes in DNA methylation and increased mutation rates [ 18 ]. 
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  APC  loss is followed by increased activation of the Wnt signaling pathway 
through the stabilization and nuclear localization of β-catenin. Supporting this 
model, the expression of β-catenin and related proliferative and apoptotic target 
genes (CYCLIND1, BCL-2, CASPASE-3, and KI-67) have been reported in adeno-
mas but not in the corresponding healthy tissues from FAP patients [ 19 ]. 

 So far, questions  about      the order of the events following  APC  loss have been 
raised and additional Wnt-independent functions of  APC  as well as the activation of 
other genes have been proposed to contribute to both initiation and development of 
adenomas [ 20 ]. Accordingly, polyclonal genetic defects have been found in 
advanced FAP adenomas, supporting the notion that independent mutated clones 
can arise during adenoma development [ 21 ]. 

 It is known that Wnt activation may occur in the absence of detectable nuclear 
β-catenin accumulation since loss of  APC  function can be insuffi cient for nuclear 
β-catenin translocation; in early adenomas this accumulation might be infl uenced 
by the position of the cells, with the involvement of paracrine factors [ 22 ]. In addi-
tion, copy number changes of  APC  and/or activating mutations in the  KRAS  or 
 BRAF  proto-oncogenes could also contribute in enhancing Wnt signaling and 
nuclear β-catenin translocation through the activity of RAC and JNK [ 23 ,  24 ] 

 According to in  vitro   analyses,  adenoma   initiation would be supported by the 
interaction of APC with the transcriptional co-repressor CTBP1, whereas nuclear 
β-catenin localization would be achieved later through  KRAS  activation [ 25 ]. 
However, it has been reported that nuclear β-catenin staining can be observed in a 
vast majority of FAP adenomas, whereas  KRAS  mutations are detectable in only 
10 % of these cases, independently of beta-catenin subcellular localization [ 26 ]. 
Although the type of synergism is still unknown, when  APC  is lost,  KRAS  activation 
 results   in larger, more aggressive lesions.    Accordingly, an in vivo mouse model has 
recently shown that activated  KRAS  can accelerate  APC -initiated intestinal adeno-
magenesis with a striking tumor promotion in large intestines [ 27 ]. 

  Chromosomal aberrations         contribute early to the progression of adenomatous 
polyposis, after biallelic inactivation of  APC  [ 28 ]. Loss or truncation of  APC  causes 
mitotic spindle defects that, upon somatic inactivation of other putative CIN genes 
(e.g., spindle and cell cycle checkpoint genes, DNA repair, telomere maintenance, 
etc.), cause the onset of chromosomal aberrations and aneuploidy [ 29 ].   

     MUTYH -Associated Polyposis (MAP) 

    Clinical Aspects 

 This condition  is      transmitted as an autosomal recessive trait. The phenotype tends 
to be milder compared to AAP (Table  1.1 ). The number of adenomas can be >100, 
but profuse polyposis, with thousands of polyps, is never observed. More often the 
presentation is similar to attenuated AAP/AFAP, with predominant involvement of 
the proximal colon [ 30 ]. Usually ≥10 polyps are found; although in population- based 
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series of CRC, up to one-third of patients diagnosed with MAP have none or <10 
polyps at presentation [ 31 ]. In fact the phenotype can overlap that of Lynch syn-
drome. Although adenomas usually represent the major histologic type of polyps in 
MAP, nearly half of MAP patients have hyperplastic polyps and sessile serrated 
adenomas [ 32 – 34 ], with a phenotype resembling serrated polyposis (see below). 
The incidence of extraintestinal manifestations is lower than in FAP or AFAP [ 35 ].  

    Molecular Aspects 

 MAP is caused  by      biallelic mutations of  MUTYH , which codes for a DNA glycosyl-
ase involved in the base excision (BER) system. MUTYH repairs mismatches 
induced by the variant base 8-oxo-guanine, a product of DNA oxidation.  MUTYH  
mutations found in MAP patients  cause      reduced or absent enzymatic activity. 
Consequently, secondary mutations accumulate in somatic cells and can affect 
genes that initiate or drive neoplastic transformation [ 36 ]. 

  Phenotypic variability      in MAP may be partly related to the effects of the different 
 MUTYH  mutations. Two variants, p.Tyr179Cys and p.Gly396Asp, account for 
approximately 70 % of  MUTYH  alterations in the patients of European ancestry. 
p.Tyr179Cys completely abolishes enzymatic activity and is associated on average 
with a classical phenotype, whereas p.Gly396Asp is a hypomorphic variant more 
frequently found in patients with an attenuated presentation. p.Gly396Asp is more 
frequent than p.Tyr179Cys in the general population, while the opposite is found in 
MAP patients, suggesting the existence of a stronger selective pressure against p.
Tyr179Cys [ 37 ]. 

 Presently,  MUTYH  driven carcinogenesis is only partly known, but it appears 
that it follows a distinct progression compared to the pathways involved in other 
types of polyposis  or      hereditary colorectal syndromes. Some features overlap 
with the adenoma-carcinoma sequence and the CIN phenotype, including fre-
quent  APC / KRAS  mutations, LOH of  APC  and near-diploid karyotype, while 
some others, including loss of HLA class I expression, are shared with the MSI 
phenotype, [ 36 ,  38 – 40 ]. 

 As a consequence of the inability to repair mismatches induced  by      8-oxo- 
guanine, defi ciency of  MUTYH  results in adenomas and colorectal tumors with an 
excess of the specifi c c.34G>T transversion in  KRAS , which can be considered the 
hallmark of this syndrome; the  APC  gene can also be affected by G>T transver-
sions, which mainly occur in the context of GAA sequences, resulting in stop codon 
formation and gene inactivation [ 41 ]. 

 It has been observed that MAP-associated hyperplastic polyps and sessile ser-
rated adenomas have a characteristic molecular background [ 34 ]. In particular, 
 KRAS  gene mutations were found in 70 % of these lesions; of relevance, G>T trans-
versions accounted for 94 % of the mutations  in      hyperplastic/sessile serrated  polyps, 
whereas  APC  mutations were detected only in adenomas of the same patients, sug-
gesting two independent tumor pathways, one leading to adenomas  via APC , and 
the other  leading      to hyperplastic/sessile serrated polyps  via KRAS  mutations. 

T. Venesio and M. Genuardi



11

 Similar to Lynch syndrome, MAP patients have a high risk for the development 
of CRC, even under surveillance, which suggests accelerated progression [ 42 ]. The 
high prevalence of G>T transversions could have a role in this acceleration. In sup-
port of this hypothesis, it has been recently shown that  MAP      tumor progression can 
be characterized by the early onset of specifi c  KRAS  mutations in association with 
non-random and potentially pathogenetic mutations in mitochondrial DNA involved 
in oxidative phosphorylation [ 43 ].   

     NTHL1  Associated Polyposis (NAP) 

 Like MAP, this form  of      polyposis is autosomal recessive and is caused by biallelic 
mutations in a BER gene. This entity has been described only very recently [ 44 ] fol-
lowing whole exome sequencing analyses of 51 patients from 48 families with mul-
tiple colonic adenomas who had turned out negative upon molecular screening of 
known genes. Homozygosity for the same nonsense mutation (c.268C>T; p.Gln90*) 
was found in seven patients from three families, all of Dutch origin. The clinical 
characteristics were: polyp range 8–50 (all adenomatous), multiple primary CRCs 
from 40 years of age, endometrial cancer or complex hyperplasia in all three affected 
females, and duodenal adenomas and cancer in one individual each (Table  1.1 ). 

 Tumors showed a  specifi c      mutation signature, characterized by an excess of C>T 
transitions. The different somatic mutation pattern compared to MAP tumors can be 
explained by different repair specifi cities of  MUTYH  and  NTHL1 . However, more 
data are needed to gain a deeper insight on the clinical and molecular characteristics 
of this condition. By analogy to MAP, we propose the use of the acronym NAP for 
this condition.  

    Polymerase Proofreading Associated Polyposis (PPAP) 

    Clinical Aspects 

 An autosomal  dominant      condition caused by monoallelic mutations of the DNA poly-
merase subunit genes  POLD1  and  POLE  has recently been identifi ed using a whole 
genome sequencing approach in patients with unexplained multiple adenomas and/or 
young onset CRC [ 45 ]. Based on a review of 69 carriers from 29 families [ 46 ], the 
colorectal phenotype is variable, ranging from oligopolyposis (<10 polyps) to attenu-
ated polyposis (≥10–100) with or without CRC, to isolated young onset CRC or large 
adenomas, or a family history fulfi lling type I Amsterdam criteria for Lynch syndrome 
[ 47 ] in the absence of constitutional mismatch repair (MMR) gene mutations 
(Table  1.1 ). Hyperplastic polyps can also been detected, and in patients with oligopol-
yposis, they can occasionally represent the only polyp type. Although there are no 
available estimates as yet, pedigree analysis strongly suggests an increased risk for 
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cancers outside the GI tract, namely endometrial carcinoma for  POLD1  mutation car-
riers and brain tumors (gliomas) for  POLE  (and possibly also  POLD1 ) carriers. 
Therefore, PPAP can present with an  autosomal      dominant TS phenotype character-
ized by the tendency to develop tumors of glial derivation. The combination of glio-
mas, colorectal adenomas, and CRC can also be observed in individuals with MMR 
gene pathogenetic variants, either monoallelic or biallelic; the former are associated 
with Lynch syndrome, and the latter with the more severe and rare constitutional mis-
match repair defi ciency syndrome and very young age onset adenomas and CRC.  

    Molecular Aspects 

 So far only a few  mutations      have been detected in  POLD1  and  POLE  [ 46 ], the most 
common being  POLD1  p.Ser478Asn and  POLE  p.Leu424Pro. All mutations occur 
in the exonuclease proofreading domain of the two proteins. These determine a 
mutator phenotype, as shown by the very high frequency of somatic mutations 
observed in tumors with  POLD1  or  POLE  defects [ 45 ]. 

  POLE  and  POLD1  do not seem to act as classical tumor suppressor genes since 
only a minority of tumors from carriers of constitutional mutations show LOH or 
other inactivating alterations acting as second “hits.” In addition, somatic mutations 
of the MMR genes  MSH2  and  MSH6  have been found in CRCs harboring  POLE  or 
 POLD1  constitutional mutations. Interestingly, the Cancer Genome Atlas (TCGA) 
exome sequencing project has provided evidence for  POLE  being the target of 
recurrent somatic mutations in the DNA binding pocket, adjacent to the exonuclease 
active site, in MMR-profi cient, but “ultramutated” CRCs (3 % of CRCs) [ 48 ]. 
Compared to  POLE -wild-type tumors, these neoplasms show an increased number 
of somatic base substitutions of all types, with C:G>T:A changes being the most 
common [ 45 ,  48 ,  49 ]. Moreover, the presence of  POLE  mutations seems to affect 
the spectrum of somatic alterations in target genes, which is characterized by the 
onset of unusual driver missense substitutions, such as mutations on codons 117 and 
146 in  KRAS  and codon 88 in  PIK3CA ; these alterations, probably suboptimal for 
conferring growth advantage with respect to the  classical      mutations, such as those 
on  KRAS  codons 12 and 13, would be suffi cient in proofreading defi cient cells to 
rapidly acquire additional mutations [ 45 ,  50 ].    

    The Hamartomatous Polyposes 

    Juvenile Polyposis Syndrome (JPS) 

    Clinical Aspects 

 JPS is a rare  autosomal   dominant condition characterized by the development of 
juvenile polyps. As juvenile polyps  can   occur in individuals not affected with JPS, 
specifi c diagnostic criteria have been devised for this condition [ 51 ]. The polyps 
usually have the typical spherical appearance of juvenile polyps, but some are 
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larger, up to 5 cm diameter, multilobulated, and can contain foci of adenomatous 
dysplasia, which are deemed to be the precursors of carcinomas in this condition 
[ 11 ]. Occasionally other types of polyps, adenomatous, hyperplastic and of mixed 
histology are observed. Individuals with JPS have a 9–50 % risk of developing GI 
cancers [ 52 ], including CRC and, less frequently, carcinomas of the upper GI tract, 
namely of the stomach or pancreas (Table  1.1 ).  

    Molecular Aspects 

 A constitutional mutation in the  SMAD4  or  BMPR1A  genes can be found in 50 % of 
JPS patients [ 53 ,  54 ]. Both genes are involved in the BMP/TGF-beta signaling path-
way; however, their role in leading to polyp formation is still poorly understood. 
According to Haramis et al. [ 55 ] (2004), polyps could develop through the defective 
cell population lying in the  stromal   compartment, and  tumor   growth of the epithelial 
cells would be a result of this abnormal microenvironment. Interestingly, inactivation 
of the second allele of  SMAD4  or  BMPR1 A in the epithelial cell compartment does 
not seem to be the initiating event of polyp formation or cancer progression [ 56 ]. 

 The TGF-beta signaling pathway is also affected in hereditary hemorrhagic tel-
angiectasia (HHT). So, it is not surprising that a fraction up to 22 %, and possibly 
higher, of JPS patients have a mixed JPS-HHT phenotype.   

    Peutz–Jeghers Syndrome (PJS) 

 PJS is an  autosomal   dominant condition defi ned by a characteristic mucocutaneous 
melanotic pigmentation and  hamartomatous   polyps of the Peutz–Jeghers type [ 57 ] 
(Table  1.1 ). Peutz–Jeghers polyps develop mainly in the small bowel, but they can also 
occur in the colorectum and stomach. The most common disease presentation is with 
small bowel obstruction or intussusceptions in the second or third decades. PJS patients 
are at markedly increased risk of CRC and other cancers. The relative and the cumula-
tive risk for any cancer range from 9.9 to 18 and 37 % to 93 %, respectively [ 58 ] .  

 Constitutional mutations of the  STK11  ( LKB1 ) gene are found in about 80–94 % 
of the families. The inactivation of this tumor-suppressor gene would play a role in 
the hamartoma-carcinoma transition by up-regulating Wnt signaling pathway via 
GSK3beta [ 59 ].  

     PTEN  Hamartoma Tumor Syndrome (PHTS) 

    Clinical Aspects 

 PHTS encompasses  a      heterogeneous set of autosomal dominant conditions character-
ized by the development of hamartomatous lesions and other manifestations, caused 
by alterations of the  PTEN  gene [ 60 ] (Table  1.1 ). The main clinical presentations are 
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Cowden syndrome (CS) and Bannayan–Riley–Ruvalcaba syndrome (BRRS); these 
can be distinguished based on the phenotype, which is partially overlapping, and on 
age at onset, childhood for BRRS and usually adolescence/young adulthood for 
CS. Macrocephaly is very common in all clinical presentations; developmental delay 
and intellectual disability are associated with BRRS, while CS shows characteristic 
mucocutaneous lesions. From a  literature      review of 107 PHTS patients who under-
went colonoscopies, colonic polyps were detected in 92.5–95 % of patients [ 61 ]. 
Polyps can be of different histological types: hyperplastic (43.6 %), adenoma (40.4 %), 
hamartoma (38.3 %), ganglioneuroma (33 %), and infl ammatory (24.5 %) [ 62 ,  63 ]. 
Intestinal lipomas can also occur. More than half of the patients present with multiple 
histological types. Actually, the lesions defi ned as ganglioneuromas in PHTS are 
deemed to be JPs with a very abundant stromal ganglion cell component [ 64 ,  65 ]. 
PHTS patients are at increased risk of CRC as well as other cancers.  

    Molecular Aspects 

 Inactivation of a single copy of  PTEN  is suffi cient to promote tumor growth in exper-
imental models [ 66 ,  67 ]. Therefore  PTEN  can act through a haploinsuffi ciency 
mechanism and is not a classical tumor suppressor gene. It is still unclear whether the 
development of the intestinal lesions in PHTS is driven by loss of  PTEN  expression 
in the epithelial or  stromal      compartment. Recently it has been shown that epithelial- 
specifi c  PTEN  deletion could cause formation of juvenile polyps in the colon-rectum 
of Cowden syndrome patients without the involvement of stromal  PTEN  loss [ 68 ].   

    Juvenile Polyposis of Infancy 

 This is a very rare  and   extremely severe form of polyposis caused by microdeletions 
of the 10q23.2–10q23.3 region, which contains the  BMPR1A  and  PTEN  genes [ 69 , 
 70 ]. Polyps develop early in childhood throughout the GI tract (stomach, small 
bowel, and colon). It is associated with variable degrees of developmental delay and 
intellectual disability, as well as with congenital anomalies, namely congenital heart 
disease. The facial appearance, with macrocephaly, is similar to PHTS.  

    Hereditary Mixed Polyposis Syndrome (HMPS) 

    Clinical Aspects 

 HMPS is defi ned by  the      development of polyps of different histology confi ned to 
the colon-rectum and an increased risk of CRC, with mean age at diagnosis of 48 
years. The following types of polyps are found in this condition: adenomas, 
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including fl at lesions, hyperplastic polyps, infl ammatory polyps, and, characteristi-
cally, atypical juvenile polyps, with mixed features of hamartomas and adenomas 
(Table  1.1 ). The condition was originally described in a large family of Ashkenazi 
origin with an autosomal dominant transmission pattern [ 71 ]. The phenotypes of 
JPS and HMPS may therefore overlap and be indistinguishable in some cases.  

    Molecular Aspects 

 HMPS and JPS share a common pathogenesis, related to the disruption of the  bone      
morphogenetic protein pathway. The molecular defect identifi ed in the original 
Ashkenazi HMPS family is a 40 kb duplication on chromosome 15q13.3 [ 72 ]. The 
duplication segregated with the HMPS phenotype in the family and has been subse-
quently detected in additional HMPS Ashkenazi families. More recently, it has also 
been found in an Ashkenazi individual with a family history of LS [ 73 ], suggesting 
that it can underlie also other phenotypic presentations. The duplication encom-
passes a large segment of the  SCG5  gene, and ends just upstream of the CpG island 
of the  GREM1  gene. Functional analyses have demonstrated that it has no effects on 
 SCG5  expression, whereas the expression of  GREM1  mRNA and protein is increased 
and ectopic in intestinal crypt cells [ 74 ]. A subset of HMPS, noted in  four      Singapore 
Chinese families and one Irish pedigree, is instead associated with mutations of 
 BMPR1A  [ 75 ,  76 ].    

    Polyposes of Unknown Etiology 

    Serrated Polyposis (SPS) Syndrome 

    Clinical Aspects 

 Described four decades ago, SPS is a relatively rare condition, characterized by 
multiple and/or large serrated polyps that has been associated with an  increased 
  personal and familial risk of CRC [ 77 ,  78 ]. SPS diagnosis is clinical and requires 
the following: (1) ≥5 serrated polyps proximal to the sigmoid colon, of which two 
or more greater than 10 mm in diameter, or (2) any number of serrated polyps occur-
ring proximal to the sigmoid colon in an individual who has a fi rst degree relative 
with SPS; or (3) >20 serrated polyps of any size, but distributed throughout the 
colon [ 79 ]. Hyperplastic polyps are frequently reported, and occasionally also ade-
nomas (Table  1.1 ). The higher the numbers of hyperplastic polyps and adenomas, 
the higher is the risk of CRC [ 80 ]. No extraintestinal manifestations have been 
reported so far [ 81 ], and the mode of inheritance, if any, has not yet been estab-
lished. Occasionally, familial aggregations of SPS have been observed, but more 
commonly relatives develop CRC in the absence of SPS [ 33 ,  78 ,  82 – 85 ].  

1 The Intestinal Polyposes: Clinical and Molecular Overview



16

    Molecular Aspects 

 SPS presently remains one of the most poorly molecularly understood of all intesti-
nal polyposes, which suggests that it may be a group of diseases rather than a single 
entity. The somatic genetic alterations found in this condition are mostly activating 
mutations of the  BRAF  oncogene and a widespread gene promoter hypermethyl-
ation (CIMP) which can affect several genes, including  MGMT ,  MLH1 ,  APC , and 
 MCC  [ 77 ]. Sessile serrated adenomas can exhibit both early  BRAF  mutations and 
the CIMP pattern. 

 It has been shown by  in   vitro analysis that activated  BRAF  induces an initial 
burst of MEK-dependent proliferation leading to the formation of hyperplastic 
crypts. These crypts remain dormant for a prolonged period due to the upregulation 
of senescence–associated beta–galactosidase and p16(Ink4a); subsequent tumor 
progression is thought to be associated with down-regulation of p16(Ink4a) by 
CpG methylation of exon 1 [ 86 ]. CIMP is also an early event since it has been 
reported in the normal colonic mucosa of individuals with a high burden of hyper-
plastic polyps [ 87 ]. 

 Hyperplastic polyps have traditionally been considered not to have malignant 
potential, but they frequently harbor  KRAS  mutations. In a study performed on aber-
rant crypt foci, a strong inverse relation was found between the presence of  BRAF  
and  KRAS  mutations and the serrated and hyperplastic components, with  BRAF  
strictly associated with the serrated component [ 88 ]. However, it has been shown 
that the frequency of  BRAF  or  KRAS  mutations cannot differentiate phenotypes of 
SPS [ 89 ]. It has also been observed that independent of the number of serrated pol-
yps, only a few CRCs demonstrate a  BRAF  mutation, thus suggesting that tumors 
can arise within lesions  other   than serrated adenomas [ 90 ]. It is conceivable that an 
alternative pathway driven by  KRAS  mutations could contribute to the carcinogen-
esis in both hyperplastic and serrated polyposis [ 84 ].   

    Cap Infl ammatory Polyposis 

 Cap polyposis is  mainly   confi ned to the sigmoid colon, with or without diverticu-
lar disease. The specifi c localization and the absence of infl ammatory bowel dis-
ease distinguish it from the more common secondary infl ammatory polyposis. 
Polyps may histologically display smooth muscle proliferation within the lamina 
propria, erosion of the surface epithelium, or reactive epithelium with serration, 
 hence   showing similarities with Peutz–Jeghers, juvenile, and serrated polyps. 
The defi nition derives from the presence of a “cap” of granulation tissue on the 
surface [ 90 ]. Its pathogenesis is currently unknown and no extraintestinal mani-
festations have been reported.  
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    Cronkhite–Canada Syndrome 

  Cronkhite–Canada syndrome   is a rare disease characterized by diffuse polyposis of 
the GI tract, diarrhea, weight loss, abdominal pain, cutaneous hyperpigmentation, 
dystrophic changes of fi ngernails, and alopecia [ 91 ,  92 ]. Most polyps are juvenile- 
like, with not infrequent adenomatous changes. Conventional and serrated adeno-
mas have also been described. The etiology is unknown, although an autoimmune 
pathogenesis has been proposed.   

    A Practical Approach to the Intestinal Polyposes 

 The correct diagnosis of an  intestinal   polyposis syndrome requires careful assess-
ment of the following characteristics (Box  1.1 ):

 –    Number, histology, and location of polyps  
 –   Age at diagnosis  
 –   Family history (including evidence of consanguinity and ethnic background)  
 –   Other GI and extra GI clinical manifestations.    

  Box 1.1: Clinical Assessment of the Hereditary Colorectal Polyposes 
  Polyp characteristics : number, type,    histology, and distribution in the colorec-
tum and throughout the GI tract. Profuse (>5000 synchronous lesions) pol-
yposis is only associated with  APC  mutations, and polyps are mainly 
adenomatous. Attenuated adenomatous polyposes, especially MAP, preferen-
tially involve the right bowel. By defi nition, juvenile and Peutz–Jeghers pol-
yps are associated with JPS and PJS, respectively. However, the juvenile 
polyps can be found in other genetic forms and they can also occur as sporadic 
non-genetic lesions. More rarely, the presence of unusual lesions, such as the 
ganglioneuromas associated with PHTS, can point to a specifi c condition. 

  Age at diagnosis . PJS and JPS can present in childhood, the fi rst with intus-
susception due to the growth of polyps in the small bowel, and the second 
with bleeding, anemia, and protein losing enteropathy. The adenomatous pol-
yposes, mainly AAP, can present in adolescence, young adulthood, or later in 
life, depending on polyp burden. AAP rarely presents in childhood; when this 
occurs, the initial manifestation is a rare tumor (hepatoblastoma or 
medulloblastoma). 

  Family history . In the adenomatous polyposes, vertical transmission is 
indicative of AAP.    Involvement of siblings with no affected parent is sugges-
tive of autosomal recessive inheritance (MAP or NAP). However, occasional 
MAP pedigrees can show apparent autosomal dominant transmission of ade-

(continued)

1 The Intestinal Polyposes: Clinical and Molecular Overview



18

  In some cases the diagnosis can be easily made based on the clinical presenta-
tion. For instance, classical or profuse adenomatous polyposis with parent-to-child 
transmission in multiple generations is associated with AAP/FAP. However, genetic 
diagnosis is still mandatory, especially for the purpose of familial follow-up, as 
there is a small fraction of such pedigrees in which pathogenetic variants of  APC  
cannot be detected despite intensive laboratory investigations. 

 The accuracy of genetic tests and their increasing availability have moved molec-
ular diagnosis to the forefront of the clinical work up of patients with a recent diag-
nosis of polyposis. Molecular diagnosis does not replace thorough clinical 
evaluation, but it can reduce unnecessary tests and procedures. 

 The role of genetic analyses for  the   diagnosis of colorectal polyposis is likely to 
expand. One of the reasons is the possibility that an increasing number of new pol-
yposis genes will be identifi ed. The most recent discoveries in the fi eld of hereditary 
CRC and polyposis [ 44 ,  45 ,  93 ] indicate that the newly detected genes account for 
only very small numbers of cases, especially when compared to the genes—i.e.,  APC  

nomatous polyposis due to marriage between affected individuals and unre-
lated healthy carriers, who are not rare in the general population (1:100–1:50). 
Sporadic cases of adenomatous polyposis can be due to  APC  mutations, 
acquired either through de novo mutation or post-zygotic constitutional mosa-
icism, or to biallelic mutations of  MUTYH  or  NTHL1 . If there is consanguinity 
between the parents of a sporadic case or of affected siblings, an autosomal 
recessive form (MAP or NAP) should be suspected. Positive family history of 
PJS or JPS is major criteria for the diagnosis of these conditions. Although 
PPAP is autosomal dominant, its penetrance and phenotype are not yet defi ned. 

  Other GI and non-GI manifestations . Extracolonic manifestations are 
more frequent in  APC  mutation carriers than in MAP; these may involve the 
GI tract (duodenal adenomas, gastric fundic polyps, and more rarely gastric 
adenomas) or other organs (osteomas, supernumerary teeth, epidermoid 
cysts). Desmoids are associated with AAP. Pilomatricomas and sebaceous 
tumors have been observed in MAP, but they are not specifi c. Multiple con-
genital hypertrophy of the pigmented epithelium of the retina (CHRPE) 
lesions are found in up to 90 % of classical or profuse AAP patients;  these 
  were once used as a marker of the presence of the gene in young children, but 
they can also occur in MAP, though more rarely (<10 % of the cases). PJS 
patients can be easily identifi ed through the presence of the typical pigmenta-
tion, although this can occur in individuals who do not have this disease. 
PHTS is usually recognized for non-GI manifestations (macrocephaly, char-
acteristics mucocutaneous hamartomas and other skin lesions, Lhermitte–
Duclos disease or dysplastic gangliocytoma of the cerebellum). 
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and the MMR genes—that were fi rst identifi ed in the last 25 years. Therefore it is not 
unreasonable to expect that the fraction of the as yet unexplained genetic polyposes 
might comprise a high number of ultra-rare conditions, each caused by a different 
gene. Should this happen, the use of high-throughput molecular tests will become 
instrumental to obtain an accurate diagnosis and to allow the identifi cation of at risk 
relatives for the implementation of adequate surveillance and preventative actions. 

 Molecular tests performed on tumor tissue can be useful for diagnosis and for the 
prediction  of   treatment response. Somatic tests—i.e., MSI and immunohistochemi-
cal analysis of MMR gene products—are commonly used to identify Lynch 
Syndrome, but they are also predictors of response to 5-fl uoruracil and, more 
recently, to PD-1 inhibitors [ 94 ]. Other genetic markers (i.e.,  KRAS  and  BRAF  
mutations) are commonly searched for in CRC DNA to tailor therapy. Likewise, 
knowledge of somatic mutation patterns—i.e., the specifi c base substitutions asso-
ciated with MAP, PPAP, or NAP—can be useful for the correct identifi cation of a 
polyposis syndrome [ 95 ]. 

 Finally, it is not unrealistic to expect that targeted pharmacological therapies will 
become available for the intestinal polyposes [ 96 ], by analogy to recent advances in 
precision medicine that have proven to be useful for other hereditary cancers [ 97 – 99 ]. 
In this case, knowledge of the genetic cause of the polyposis and/or of the molecular 
blueprint of the tumors would become essential to establish appropriate treatment.     
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    Chapter 2   
  MUTYH- Associated Polyposis                     

       Maureen     E.     Mork     and     Eduardo     Vilar     

          Introduction 

 Lynch syndrome and familial adenomatous polyposis (FAP) have long been identi-
fi ed as hereditary predisposition syndromes to colorectal cancer (CRC), most easily 
recognized on the basis of their autosomal dominant inheritance, young age of onset 
of CRC and other associated malignancies, and, in the case of FAP, the presence of 
adenomatous polyposis. However, in 2002 the fi rst report of a novel hereditary pre-
disposition to CRC describing a family with three siblings affected with CRC and 
polyposis who were negative for germline  APC  mutations was published [ 1 ]. These 
siblings were identifi ed to carry biallelic germline mutations in the  MUTYH  gene, 
also known as  MYH . This autosomal recessive predisposition to CRC has been 
termed  MYH - or  MUTYH- associated polyposis (MAP, OMIM #608456) and has 
been recognized as a rare, but important, cause of hereditary CRC, representing less 
than 1 % of CRC cases [ 2 ], and posing challenges in diagnosis, genetic counseling, 
and surveillance.  
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    Clinical Characteristics 

 MAP is an autosomal recessive  condition   caused by biallelic mutations of  MUTYH  
with a prevalence of 1:20,000 to 1:40,000 based on the estimated carrier frequency 
of 1–2 % in the general population [ 2 ]. MAP is typically characterized by the devel-
opment of 10 to 100 adenomatous polyps in the colorectum, most frequently located 
in the proximal colon, and confers a life-time risk of CRC ranging from 43 % to 
nearly 100 %, being diagnosed at an average age of 48 [ 3 ]. Polyps develop approxi-
mately at age 50; therefore, the number of polyps and age of diagnosis have much 
clinical crossover with attenuated familial adenomatous polyposis (AFAP), associ-
ated with germline  APC  mutations [ 4 ]. However, patients with biallelic  MUTYH  
mutations with an atypical presentation have been described, including patients who 
present with a single colorectal tumor and absence of polyposis or with less than 10 
polyps [ 5 ]. In addition, a small percentage of patients who present with polyps with 
serrated features (hyperplastic/serrated polyps) meeting the threshold for a diagno-
sis of hyperplastic/serrated polyposis syndrome [ 6 ] have been found to have bial-
lelic  MUTYH  mutations [ 7 ,  8 ]. 

 Extracolonic cancer risks in individuals with MAP were assessed in a European 
multicenter study of 276 cases [ 9 ]. The highest reported risk was of cancer of the 
duodenum. The risk of small bowel polyps, especially in the duodenum, was 
reported to be 17 %, with an associated 4 % life-time risk of duodenal carcinoma. 
Gastric polyps were found in 11 % of patients. This study also found a signifi cant 
increase in ovarian (SIR 5.7), bladder (SIR 7.2), and skin (SIR 2.8) cancers,    with a 
trend of increased risk for breast cancer. Overall, the average life-time risk of extra-
colonic cancers was reported to be 38 %, although the authors noted the relatively 
late ages of onset of these cancers (median 51–61 years). Individuals with MAP 
were also reported to have some features typically seen in patients with FAP, includ-
ing dental anomalies and congenital hypertrophy of the retinal pigment epithelium. 
 MUTYH  biallelic carriers have also been reported to have sebaceous neoplasms of 
the skin [ 10 ,  11 ], again demonstrating the phenotypic overlap between MAP and 
other hereditary CRC syndromes.  

    Molecular Genetics 

 The pairing of the DNA bases (A with T and G with C) is crucial to maintain the 
stability and the integrity of the information in the genome. However,    accurate base 
paring is often challenged by environmental toxins and production of reactive oxy-
gen species (ROS) such as hydrogen peroxide, superoxide and hydroxyl radicals 
secondary to metabolism, cellular respiration, and infl ammation. The guanine base 
is the most susceptible to this “oxidative stress”, generating the product 7,8-dihydro- 
8-oxoguanine (also known as 8-oxo-G). The base excision repair (BER) pathway is 
in charge of correcting these errors through the glycosylases OGG1 and 
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MUTYH. Initially, OGG1 will excise the 8-oxo-G base and then let other enzymes 
restore the original DNA sequence. However, there is a back-up mechanism involv-
ing MUTYH that will act in the event that the error is not repaired by OGG1. In the 
absence of an effective MUTYH protein, the presence of 8-oxo-G will generate a 
transversion from G:C to T:A base pair. The glycosylate MUTYH intercepts the 
incorrect 8-oxo-G:A base pair, removing the A and letting other enzymes in the 
pathway to restore the DNA to its original confi guration [ 12 ,  13 ]. 

 The gene  MUTYH , also known as  MYH  (mutY homolog), is located on chromo-
some 1 (mapping to 45,794,835–45,806,142 in the GRCh37 coordinates, which is 
located between 1p34.3 and p32.1) and has a total of 16 exons, encoding a protein 
with 535 amino acids [ 13 ]. The partial homology of the human protein with the  E. 
coli  and  B. stearothermophilus  has allowed obtaining an accurate idea of the func-
tioning of the BER pathway and, in some instances, predicting the functional con-
sequences of mutations identifi ed in patients and families. In fact, a total of 82 
germline mutations have been identifi ed in  MUTYH  alleles of patients diagnosed 
with CRC and polyposis [ 12 ]. Consistent with the known biology and functioning 
of  MUTYH  in the BER pathway, patients diagnosed with MAP have been found to 
have a higher rate of somatic G:C to T:A transversions in the  APC  and  KRAS  genes. 
In fact, studies have shown that adenomatous polyps and serrated polyps identifi ed 
in MAP individuals present in a high proportion with G:T transversion in the fi rst G 
base of the codon 12 ( KRAS  c.34G>T) [ 3 ,  12 ]. This type of change has  also   been 
able to link the presence of polyps with serrated features (both hyperplastic and ses-
sile serrated) with MAP, thus establishing a causal relation between the biallelic loss 
of  MUTYH  and the presence of serrated polyposis [ 8 ]. Finally, several studies have 
analyzed the microsatellite status of premalignant lesions and tumors from MAP 
patients. Although the number of patients and samples analyzed is not large, thus 
precluding to obtain defi nite conclusions, it is clear that the majority displayed a 
mismatch repair profi cient status. In addition, one study observed a higher fre-
quency for microsatellite instability-low tumors among MAP compared to the spo-
radic setting. A minority of cases reported showed high levels of microsatellite 
instability which is puzzling as the BER pathway is not involved in the correction of 
mismatches in microsatellite tracts [ 3 ].  

    Genetic Testing and Genetic Counseling 

 Identifying individuals with MAP is  a   complex task, as there is phenotypic overlap 
with other polyposis syndromes (i.e., AFAP) and due to its variable phenotypic 
expression.    Genetic testing for MAP is typically considered in individuals who 
present with oligopolyposis, although the spectrum of presentation expands from 10 
to 100 polyps [ 14 ]. Traditionally, genetic testing for MAP has begun with testing for 
the two founder  MUTYH  mutations in northern European populations, G382D and 
Y165C, which represents the genotypes of approximately 70 % of affected indi-
viduals [ 15 ]. However, full sequencing and rearrangement testing of  MUTYH  are 
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also available, although most individuals with MAP present with point mutations 
with large deletions rarely reported [ 16 ]. Given the admixture of populations, com-
prehensive testing may be advantageous rather than founder mutation testing, espe-
cially if a patient is not of Northern European ancestry [ 17 ]. However, if a patient is 
Caucasian, then an algorithm of founder mutation testing with refl ex to full testing 
may be followed (Fig.  2.1 ). In addition, testing for MAP may be performed in con-
junction with  APC  germline testing, and is offered quite frequently as an “adenoma-
tous polyposis” genetic testing panel included along with  APC  by many commercial 
genetic testing companies. If an individual presents with a family history consistent 
with autosomal dominant FAP, then testing  APC  alone would be the most appropri-
ate course of action [ 14 ]. However, an individual with a simplex case of adenoma-
tous polyposis may represent with autosomal recessive inheritance, like MAP, or a 
 de novo APC  mutation [ 18 ]. Therefore, concurrent testing of  APC  and  MUTYH  is 
appropriate in such individuals.

   In addition to testing individuals with  multiple   adenomatous polyps, the develop-
ing description of the atypical MAP phenotype may expand the spectrum of patients 
appropriate for  MUTYH  testing. It  has   been proposed that individuals with CRC 
without polyposis or patients with polyps numbering less than 10 be evaluated for 
MAP, especially with the syndrome’s variable presentation (Fig.  2.1 ) [ 5 ]. To this 
end,  MUTYH  has been included in many next-generation sequencing panels of 

  Fig. 2.1    Proposed genetic diagnosis work-up for patients with suspected MAP based on the avail-
able literature.  CRC  colorectal cancer,  MAP MUTYH -associated polyposis,  AR  autosomal reces-
sive,  HPP  hyperplastic polyps,  SSA  sessile serrated adenomas,  TSA  traditional serrated adenomas. 
Figure adapted from Borras et al., Clin Cancer Res (2014);20(5):1061–3       
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hereditary cancer genes. While the inclusion of this gene has found many heterozy-
gote carriers, it may continue to expand the MAP phenotype as more individuals 
with an atypical phenotype are identifi ed. In addition, as sebaceous lesions of the 
skin have been reported in individuals with MAP as well as tumors with mismatch 
repair defi ciency [ 19 ], patients with a Lynch syndrome phenotype with no mismatch 
repair mutation may also warrant MAP evaluation. Patients with CRC demonstrat-
ing  KRAS  mutations in codon 12 with G to T transversions (c.34G>T) in the absence 
of polyposis may also be considered for testing. 

 MAP is unique among hereditary predispositions to CRC due to its autosomal 
recessive inheritance. For an individual to inherit biallelic mutations of the  MUTYH  
gene, his or her parents must each carry a single  MUTYH  mutation. Full siblings of 
an individual with MAP each have a 25 % chance of also having biallelic mutations 
and therefore MAP, 50 % chance of being a  MUTYH  carrier, and 25 % chance of 
having two wild-type alleles. Children of an individual with MAP are obligate het-
erozygote carriers. The status of the other allele, however, depends on the mutation 
status of the unaffected parent. Therefore, the genetic testing algorithm in a family 
identifi ed to have MAP is more complex than in a family with an autosomal domi-
nant condition. 

 Siblings of an affected individual  are   recommended to undergo site-specifi c test-
ing for the  MUTYH  mutation(s) identifi ed in the proband. However, single-site test-
ing in obligate heterozygote children will not evaluate for the possibility of a 
mutation in the other parent. Therefore, it may be more cost-effective for the unaf-
fected parent to undergo carrier testing of  MUTYH . If the other parent is negative for 
 MUTYH  mutations, this negates the need for testing in children. This algorithm 
introduces some  complexity   into results disclosure and recommendations for family 
members, as education regarding a recessive condition may not be as straightfor-
ward as an autosomal dominant condition; therefore, careful genetic counseling is 
important to impart accurate information to the patient and his or her family.  

    Colonic Surveillance and Surgical Recommendations 

  Surveillance recommendations   for biallelic  MUTYH  carriers have been issued by a 
number of expert groups (i.e., National Comprehensive Cancer Network, American 
Medical Association/National Coalition for Health Professional Education in 
Genetics). Per the guidelines of the National Comprehensive Cancer Network 
(NCCN), colonoscopy is recommended beginning at 25–30 years and repeating 
every 2–3 years if negative [ 20 ]. If polyps are identifi ed, then colonoscopy should 
be repeated every 1–2 years. If the polyp burden becomes too burdensome to be 
managed endoscopically with polypectomy, then surgical intervention is recom-
mended, with consideration of colectomy with ileorectal anastomosis (IRA) or 
proctocolectomy with ileorectal pouch anastomosis (IPAA) depending on rectal 
polyp burden. Post-colectomy, endoscopy of any remaining rectum is recommended 
every 6–12 months.  
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    Chemoprevention 

 There are results from  randomized   placebo-controlled clinical trials proving the 
effect of aspirin [ 21 ], non-steroidal anti-infl ammatory agents such as Sulindac [ 22 ] 
and cyclo-oxygenase-2 (COX-2) inhibitors [ 23 ,  24 ] in the regression and modula-
tion of adenomatous polyps in patients diagnosed with polyposis secondary to a 
diagnosis of FAP. However, there is virtually no controlled data generated for 
patients and families diagnosed with MAP. There is a case report in the literature 
that reports the successful modulation of polyposis using COX-2 inhibitors indi-
cated for the treatment of arthritis in a patient with MAP [ 25 ]. After the discontinu-
ation of Celecoxib the patient presented with progression of the polyp counts and 
required prophylactic surgery. There is some low level scientifi c evidence support-
ing the use of NSAIDs such as the fi nding of upregulation by both immunohisto-
chemistry and RNA expression of COX-2 in polyps and CRCs of patients with 
MAP, which is an analogous situation to the FAP context [ 26 ]. Although there is no 
evidence to support the prophylactic use of NSAIDs or COX-2 inhibitors, the imple-
mentation of clinical trials testing this intervention should be encouraged in this 
patient population. It could be reasonable to try this group of agents as prophylaxis 
in selected situations under the condition of close endoscopic surveillance and clini-
cal management attentive to potential side effects, always keeping in mind the rela-
tively low frequency of this syndrome (N of 1 trials).  

    Extracolonic Surveillance 

 Few recommendations have been  made   regarding extracolonic cancer risks for indi-
viduals with MAP. As the highest reported extracolonic risk is for small bowel polyps 
and cancer, biallelic  MUTYH  carriers are recommended to undergo baseline esopha-
gogastroduodenoscopy (EGD) beginning at age 30–35 years, following FAP rec-
ommendations based on duodenoscopic fi ndings [ 20 ]. In addition, individuals with 
MAP are recommended to undergo annual physical exam. No recommendations 
have been made regarding surveillance for the other cancers associated with MAP.  

     MUTYH  Heterozygotes 

 As genetic testing for  MUTYH   has   entered the algorithm for germline testing, either 
through cancer-specifi c genetic testing or via next-generation sequencing panels of 
hereditary cancer genes, this has led to the identifi cation of monoallelic carriers of 
 MUTYH  mutations. The risk of CRC to  MUTYH  carriers was initially studied in 
parents of patients with biallelic  MUTYH  mutations and was estimated to be approx-
imately twofold the general population incidence [ 27 ]. However, a more recent 
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study of 2,332 patients with monoallelic  MUTYH  mutations found that the risk to 
carriers was dependent upon the family history of CRC. In fact, the risk for CRC, 
irrespective of family history, was 5.6 % for females and 7.2 % for males, while 
CRC risk for individuals with a fi rst-degree relative with CRC was 10 % for women 
and 12.5 % for men [ 28 ]. Current surveillance guidelines recommend that  MUTYH  
heterozygotes follow general population screening practices for CRC [ 20 ]. 
Extracolonic cancer risks in  MUTYH  carriers have not been well studied and no 
additional surveillance guidelines have been issued.     
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    Chapter 3   
 Infl ammatory “Cap” Polyposis                     

        Giovanni     De Petris        and     Shahrooz     Rashtak    

          Introduction 

 Polyposes of the gastrointestinal tract not currently linked to specifi c molecular 
alterations include Cronkhite–Canada syndrome (CCS), infl ammatory “cap” pol-
yposis (ICP), infl ammatory polyposis of infl ammatory bowel disease (IBD), and the 
exceptional pyogenic granulomatosis associated with endocrine tumors [ 1 ]. 

 ICP is an uncommonly recognized sporadic polyposis limited usually to the colon 
(indeed only two cases were found associated with gastric polyposis and a single case 
manifested as isolated gastric polyposis) [ 2 ]. It is characterized  by   red- and white-
capped polyp(s), usually sessile, with elongated, only slightly tortuous, crypts, and 
superfi cial erosion. The number of polyps spans from one [ 3 ] to hundreds per patient. 

  The   epidemiology of ICP is limited due to the low number of cases, mainly 
reported in small case series or case reports. Less than 100 cases have appeared in the 
literature since the fi rst description of 15 patients with mucous diarrhea and hemato-
chezia by Williams, Bussey, and Morson about three decades ago [ 4 ]. The rarity of 
the disease, and/or the diffi culty in diagnosis, can be appreciated by the fact that 8 
years passed after the initial report when two additional cases were found [ 5 ] and by 
the observation that several different conditions are confused with ICP. Additionally 
nonspecifi c endoscopic and pathology fi ndings of ICP may lead to under recognition 
of the disease and contribute to poor understanding of the etiology, natural course, 
and effective treatment of this condition. ICP affects women more than men and is 
 most   frequent during the fi fth decade of life with  preponderance of cases originating 
from Asia. The age of the patients ranges from 5 to 90 years [ 4 ,  6 ].  
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    Etiology 

  The   etiology of ICP is unknown. Williams et al. [ 4 ] suggested that the polyps are 
caused by chronic mucosal prolapse. The endoscopic appearance of the polyps, 
their common location in the left colon (especially in the rectum) and association 
with constipation, all overlap with mucosal prolapse syndrome. However given 
the documented occasional association of ICP with colitis and colorectal cancer, it 
can be hypothesized that ICP is a nonspecifi c abnormal response to an underlying 
infl ammatory process [ 7 ] rather than a consequence of prolapse injury. The resolu-
tion of several ICP cases after treatment with anti-infl ammatory agents, antibiotics, 
and therapy of coexistent  Helicobacter pylori  ( H. pylori ) infection [ 8 ], as well as 
reported cases of polyps extending all the way to the cecum and the association with 
gastric ICP, all argue against ICP being caused by motility disorder of the rectum. 

 ICP epithelial  cells   secrete a different type of mucus compared to normal colonic 
mucosa. ICP polyps produce predominantly non-sulphated mucins and exhibit 
abnormal expression of MUC4, MUC3, and MUC5ac genes [ 9 ]. These differences 
are not specifi c to ICP. The proliferative compartment of the crypts in ICP is irregu-
lar and extends along the crypts [ 10 ]. In addition focal p16 expression is seen in ICP 
which is similar to hyperplastic polyps and sessile serrated adenoma without dys-
plasia [ 10 ,  11 ]. The expression of claudin-2, a pore-forming claudin, was found to 
be abnormally upregulated in a single case of ICP with protein losing enteropathy 
[ 12 ] and claudin-7, a pore-sealing claudin, was found to be down-regulated. These 
observations suggest that ICP is an abnormal infl ammatory response  to   various 
stimuli, but the underlying mechanisms leading to this dysregulated response remain 
unknown.  

    Endoscopic Appearance 

 Polyps of ICP preferentially present in the left colon, particularly in the rectum,    but 
they may arise throughout the colon. It has been observed that polyps form fi rst in 
the rectum before “marching” proximally. Approximately 36 % of subjects have 
rectal polyps detectable on digital rectal examination [ 13 ]. The proximal polyps 
typically are smaller than distal ones [ 14 ]. Polyps can reach several centimeters in 
size, especially in the rectum. On visual inspection at colonoscopy, polyps are fl at 
or protruding fl at-topped, even plaque-like formations due to aggregation of several 
polyps,  less commonly they are pedunculated or semi-pedunculated. The polyps 
typically straddle the colonic plicae (Fig.  3.1 ) and are covered by a cap of whitish 
fi brin: rinsing off the fi brin cap reveals a dark red friable surface. The mucosa 
between polyps is generally unremarkable (Fig.  3.1 ) but occasionally may be dot-
ted with a few white specks [ 14 ]. A milder form of the disease typifi ed  by   ery-
thematous and edematous patches of mucosa scattered throughout the colon has 
been reported [ 15 ].
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       Histology 

  The   histological features of the cap polyp include the presence of elongated crypts; 
enlargement of the luminal third into cup-shaped or cystic-shaped crypts; attenua-
tion or erosion of the surface epithelium; and a cap on the eroded surface of the 
majority of polyps consisting of mucus, infl ammatory, and detached epithelial cells 
and fi brin. Dysplasia has never been reported in ICP. Serration of the contour of the 
crypt is minimal, usually in the mid crypt, just below the dilated portion of the crypt 
(Figs.  3.2  and  3.3 ). The crypt lining epithelium appears eosinophilic and mucin- 
poor cells line the dilated portion of the crypts (Fig.  3.3 ). Regenerative changes are 
likely secondary to the erosion and loss of surface epithelium that characterize this 
condition.    Only the larger polyps display smooth muscle fi bers emanating from the 

  Fig. 3.1    Endoscopic appearance of ICP. The polyps show uniformly a whitish or red cap, have 
variable dimensions, in the top left photograph there is suggestion of fusion of polyps to create a 
plaque-like area. The larger photograph at the bottom shows the preference of the polyps to strad-
dles across the colonic plicae. The larger photograph is reproduced with permission from De Petris 
G et al. International Journal of Surgical Pathology 22(4), 378–382, 2014       
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  Fig. 3.2    Typical infl ammatory cap polyp (Hematoxylin–Eosin stain, 4× magnifi cation). Notice 
the elongated crypts with dilatation in the upper third with erosion and fi brin, the minimal serration 
of the crypts profi le in the mid third. Boot- or L-shaped crypts are not present as also absent is 
fi bromuscularization of the lamina propria. The lamina propria is not edematous or expanded, as 
is the case in juvenile polyps or Cronkhite–Canada syndrome polyps, and is not particularly 
infl amed. Dysplasia is absent. Reproduced with permission from De Petris G et al. International 
Journal of Surgical Pathology 22(4), 378–382, 2014       

  Fig. 3.3    Higher magnifi cation (Hematoxylin–Eosin stain, 10× magnifi cation) of the upper third of 
an infl ammatory cap polyp. Typical cystic dilatation of the glands that have attenuated or missing 
epithelium lining their walls and are fi lled by muco-infl ammatory exudate. The surface (upper 
aspect) of the polyp is eroded. Reproduced with permission from De Petris G et al. International 
Journal of Surgical Pathology 22(4), 378–382, 2014       
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muscularis mucosae into the epithelium but the muscularis mucosae of the inter-
vening colon is intact. The presence of smooth muscle fi bers in the large polyps 
may be secondary to prolapse of the polyp itself, and most polyps are otherwise 
devoid of smooth muscle in the lamina propria. Remarkably only mild infl amma-
tion due to mononuclear cells, more prominent in the luminal aspect of the mucosa, 
are elicited by the erosion seen in these polyps.  Rarely   colitis cystica profunda 
develops and can arise in direct association with the polyps or in the nonpolypoid 
areas of the colon [ 16 ].

        Clinical Aspects and Differential Diagnosis 

 ICP may develop at any age with female predominance.  Affected   individuals 
 usually have no family history of polyposes. Rarely ICP is asymptomatic [ 17 ], but 
the condition is more likely to present with rectal bleeding (82 %), mucoid diarrhea 
(46 %), chronic straining and/or constipation (both 64 %) [ 13 ]. In a series from 
Singapore, rectal bleeding was found in all pediatric patients [ 18 ]. Mucoid diarrhea 
can be abundant and lead to incontinence and protein losing enteropathy, character-
ized by weight loss, fat soluble vitamin defi ciencies, and hypoalbuminemia with 
resultant lower extremity pitting edema. The chronicity of the bloody diarrhea can 
result in anemia. 

 The natural history of ICP is unknown, but occasionally spontaneous  resolution 
  occurs, irrespective of the extent of disease [ 19 ]. Treatment with simple polypec-
tomy, medical therapy, or surgery to remove affected portions of the colon may be 
required in symptomatic patients. 

 Overlapping histologic features of mucosal prolapse may lead to a misdiagnosis 
of ICP. This condition is also often confused by polyposis syndromes such as 
Serrated Polyposis Syndrome, (SPS), CCS, Juvenile Polyposis Syndrome (JPS), 
Cowden Syndrome (CS), or IBD with pseudopolyps. 

 The features of ICP are distinct from those of SPS, in which the majority of 
lesions  are      sessile serrated polyps (SSP). The SSP has a typical L- or inverted 
T-shaped crypt appearance and marked serration with fl ask- or booth-shaped crypts, 
in contrast to the modest serration in the mid portion of the crypts in ICP. SPS 
 polyps lack the diffuse surface erosion of ICP. In addition other types of polyps such 
as hyperplastic and adenomatous polyps also arise in SPS. Nor do ICP polyps 
resemble traditional serrated adenoma (TSA) which exhibit small lateral gland out- 
pouching, complex villiform growth, eosinophilia, or the penicillate nuclei of TSA. 

 CCS can be differentiated from ICP by the phenotypical manifestations of nail 
dystrophy, dysgeusia, and hair loss associated with  CCS   but not present in ICP 
patients. The histology of CCS is distinctive with edematous and atrophic mucosa 
in both nonpolypoid and polypoid mucosa, as is the clinical feature of involvement 
of the entire digestive tract in CCS while polyps are confi ned to the colon in ICP 
patients. 
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 The superfi cial cystic dilatation of the crypts and the adherent mucin cap present 
in ICP are not seen in JPS. Instead, in JPS polyps the gland dilatation is basal, and 
the stroma of the polyp has marked infl ammation often with eosinophils, while ICP 
polyps are scantily infi ltrated by infl ammatory cells. 

  Cowden Syndrome (CS)   polyps can mimic ICP; however, in CS cryptic cystic 
dilatation  can   be seen throughout the polyp. CS is an hereditary syndrome charac-
terized by macrocephaly, skin lesions including trichilemmoma, and an increased 
risk for breast (often bilateral), uterine, thyroid, and colorectal cancers. CS is one 
manifestation of the PTEN Hamartoma Tumor Syndrome (PHTS) caused by germ-
line mutations in the  PTEN  tumor suppressor gene. The second manifestation of 
PHTS is Bannayan–Riley–Ruvalcaba Syndrome, a condition that presents at a 
younger age of onset and more often arises in males compared to the adult onset, 
female predominant presentation of CS, but which shares the same benign tumor 
and cancer risks associated with CS. These extra intestinal manifestations are absent 
in ICP and may guide the clinicians to the proper diagnosis. 

 The lack of mucosal changes of chronic colitis injury in the nonpolypoid  mucosa 
  distinguishes the majority of cases of ICP from IBD. Pseudomembranous colitis 
could be confused with ICP by both endoscopist and pathologists not well versed in 
ICP but evaluation for Clostridium diffi cile infection may help direct the care pro-
vider to the diagnosis.  

    Treatment 

 Only a minority of cases of ICP resolve spontaneously. The optimal therapy of ICP 
in the majority of patients remains to be established and is presented in Table  3.1 . 
The possibility of ICP as a  nonspecifi c   response to an infection has been put forth. 
Oiya et al. recently showed cure of ICP by eradication of  H. pylori  [ 8 ], an observa-
tion repeated in multiple case reports and small series mainly from Japan [ 15 ,  20 ]. 
Shimizu suggested ICP may be due to  Escherichia coli  ( E. coli ) infection [ 7 ]. 
It is possible that another infectious agent that responds to antibiotic therapy for 
 H. pylori  is associated with ICP. However, cure of this condition by antibiotics is not 
universally achieved, and recurrence after initial remission is documented [ 21 ]. The 
response of ICP to metronidazole reported which may be due to the anti-infl amma-
tory capability of the drug rather than its anti-microbial activity. ICP may respond to 
treatment of prolapse (such as simple avoidance of straining) [ 19 ], steroids [ 21 ], 
infl iximab [ 22 ], endoscopic or surgical resection [ 5, 23 ]. However, the results are 
inconsistent, and the dosage and duration of drug treatments have not been standard-
ized, since no randomized, placebo controlled clinical trials have been performed.

   Resolution of polyps and symptoms after steroids (e.g., prednisolone 40 mg/day 
at start) can occur in 1–2 months [ 21 ] but the rate of early relapse is high. Treatment 
with the TNF alpha inhibitor, infl iximab was reported to be highly effective in sev-
eral patients following either 4 infusions at 8 weeks intervals or a single infusion [ 22 , 
 24 ]. However, treatment failures  to   infl iximab associated with no impact of the drug 
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on TNF alpha levels in the tissue [ 25 ] have also been described. Limited by the small 
numbers of treated patients and the unknown natural history of ICP, these therapeutic 
reports have been unable to discern which patients will be resistant to therapy. 

 In practice,  initial   treatment approach is focused on symptomatic relief directed 
toward reducing excessive straining and treating constipation. Polypectomy gener-
ally is recommended. Eradication of  H. pylori  can be considered in  H. pylori - 
positive patients that remain symptomatic. This may be followed by anti-infl ammatory 
agents such as steroids and infl iximab, with the goal of achieving remission and 
avoiding surgery which may be considered in case of failure to the above-mentioned 
therapies. ICP has been shown to recur in the colon in up to 37 % of patients under-
going limited resection of the affected area [ 7 ]. 

 In summary ICP remains a disease of unknown etiology with the natural course 
 and   lack of established therapeutic guidelines.  
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   Table 3.1    Therapeutic considerations for CAP polyposis   

 Intervention/Medication  Mechanism of action  Indication/Effi cacy  Reference 

 Biofeedback treating 
constipation 
 Avoid straining 

 Avoiding 
intraluminal trauma 

 Symptomatic relief  Oriuchi et al. [ 26 ] 
 Konishi et al. [ 27 ] 

 Antibiotics 
 Metronidazole 
  H. pylori  eradication 

 Anti-microbial effect 
and reducing 
infl ammation (may 
have direct anti-
infl ammatory effect) 

 Controversial 
remission or 
response 

 Shimizu et al. [ 7 ] 
 Akamatsu et al. [ 15 ] 
 Oiya H, et al. [ 8 ] 
 Takeshima et al. [ 20 ] 

 Anti-infl ammatory/
Immunomodulators 
 Oral aminosalicylates 
 Topical 
steroids(betamethasone 
enemas) 
 Systemic steroids 

 Preventing mucosal 
injury 

 Ineffective 
 Controversial 
 Controversial, 
associated with 
high recurrence 
rate 

 Akamatsu et al. [ 15 ] 
 Chang et al. [ 21 ] 
 Suzuki et al. [ 28 ] 

 Biologics 
 Infl iximab 

 Anti TNF  Controversial  Bookman et al. [ 22 ] 
 Kim et al. [ 24 ] 
 Maunoury et al. [ 25 ] 

 Endoscopic approach  Polypectomy/argon 
plasma coagulation 

 For <10 polyps, 
High recurrence 
rate unless solitary 

 Ng et al. [ 13 ] 

 Surgical resection  Proctocolectomy  For refractory 
symptoms, 
recurrence possible 
following resection 

 Konishi et al. [ 27 ] 
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    Chapter 4   
 Serrated Polyposis Syndrome                     

       Miriam     Juárez    ,     Eva     Hernández-Illán    ,     Oscar     Murcia    , 
    María     Rodríguez-Soler    , and     Rodrigo     Jover    

          Introduction 

 Serrated polyposis syndrome (SPS), formerly known as hyperplastic polyposis 
 syndrome, is an uncommon disease characterized by the presence of multiple ser-
rated polyps throughout the colorectum [ 1 ]. Although SPS was described for the 
fi rst time in the early 1970s [ 2 ], until now, its genetics, molecular, and clinical char-
acteristics continue to be unknown. Nevertheless, SPS shows differential character-
istics that suggest a genetic predisposition, such as multiplicity of lesions, young-age 
onset, and family history of this disease [ 3 ]. Consistent with this, several studies 
have previously reported families from which both an autosomal recessive and 
autosomal dominant inheritance could be considered [ 4 – 6 ]. 

 The  real   prevalence of SPS in the general population is diffi cult to be deter-
mined due to several factors, such as the lack of recognition of this syndrome 
among the physician community [ 7 ]. Even so, the prevalence of patients diag-
nosed with this syndrome is estimated  as   less than 1 %, with a range from 0.033 % 
to 0.055 % [ 8 ,  9 ]. 

 Traditionally, the main pathway toward CRC has been attributed to activation of 
WNT signalling which leads to transformation from a pre-neoplastic adenoma to 
carcinoma. This “traditional pathway,” which represents between 70 % and 80 % of 
CRC, is initiated with a mutation of the  APC  gene, with adenomatous polyps being 
precursor lesions to adenocarcinoma in the colon [ 10 – 12 ]. However, a newly 
described alternative pathway known as  the   serrated pathway of carcinogenesis, via 
progression of serrated polyps to CRC, has been found to be responsible for about 
a quarter of all CRC cases [ 11 ]. This pathway is characterized by somatic mutations 
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in  BRAF  or  KRAS , microsatellite instability (MSI) and epigenetic silencing  of   tumor 
suppressor genes. Recently, there is growing recognition that there are different 
types of serrated polyps which can be subdivided with respect to their morphologic 
appearance, molecular alterations, and risk of malignant transformation. Several 
studies have shown the dominance of the serrated pathway of carcinogenesis in 
patients diagnosed with SPS [ 13 ,  14 ]. For that reason, this syndrome could be 
considered as the paradigm of the serrated pathway of carcinogenesis. Patients with 
SPS could provide a valuable model to achieve a deeper understanding of the 
features that drive progression from serrated (hyperplastic) polyps to CRC through 
this pathway [ 12 ,  15 ].  

    Epidemiology and Clinical Characteristics 

    Epidemiology 

 There  are   substantial differences in the published data about the real prevalence of 
this disease in the population. Several studies have suggested that the prevalence of 
SPS, estimated out of CRC endoscopy-based screening programs on average risk 
individuals, is relatively low. Lockett [ 16 ] described a prevalence rate of 1 in 3000 
individuals. However, this prevalence is based on individuals in whom more than 
20 distal hyperplastic polyps (HP) were previously found during a fl exible sigmoid-
oscopy screening trial [ 16 ]. In another study carried out in a population-based 
screening program, only 28 patients out of 50,148 participants, met clinical criteria 
for SPS (0.056 %) [ 8 ]. 

 In addition,  two   studies have recently published the prevalence of SPS in two 
prospective cohorts of patients under CRC screening programmes. On one hand, 
Biswas et al. [ 17 ] evaluated the prevalence of this syndrome in 755 patients who 
undertook screening fl exible sigmoidoscopy between April 2010 and January 2012, 
fi nding the prevalence of this disease to be 0.66 %, a 20-fold increase compared to 
the previously described rate [ 17 ]. On the other hand, in the study made by Moreira 
et al. [ 18 ], 8 cases of SPS were diagnosed in a cohort of 2,355 patients between 50 
and 69 years (1/294, 0.34 %), with positive fecal immunochemical testing (FIT) in 
the CRC screening programme of Barcelona [ 18 ]. 

 In spite of  this   diversity in the prevalence rates, it seems that this syndrome 
occurs at a frequency comparable with other familial polyposes, such as familial 
adenomatous polyposis or  MUTYH -associated polyposis. These differences in the 
rates between studies can be explained by several factors that may be determi-
nant, such as: endoscopists’ experience and their ability to detect serrated lesions, 
   adequate bowel preparation, health and pre-colonoscopy counselling, use of high- 
defi nition instruments and knowledge about this syndrome in the physician 
community.  
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    Diagnostic Criteria 

 The clinical criteria  for   diagnosis of SPS were fi rstly described by Burt and Jass 
[ 19 ] for the World Health Organization (WHO). These criteria were redefi ned in 
Berlin in 2010 [ 1 ]. The clinical diagnosis of this syndrome is established when 
patients fulfi ll, at least, one of the three WHO criteria (Table  4.1 ).

   In general population, the proportion of patients who meet these three individual 
criteria remains unknown [ 7 ]. It is important to note that the number of polyps is 
cumulative over time for the C criterion, and polyps detected should be counted 
toward the total number of colonoscopies [ 20 ]. Moreover, these  20   polyps must be 
distributed throughout the colon, excluding patients with only HPs located within 
the sigmoid and rectum. 

 However, these criteria have been considered arbitrary and restrictive [ 1 ], possibly 
leading to an underestimation of the frequency of this syndrome [ 21 ]. Because of 
that, patients with multiple but fewer than 20 HPs, as well as patients with several 
serrated lesions who do not fulfi ll the A criterion, are excluded from the defi nition 
of SPS [ 22 ]. Moreover,    because of the diffi culty of diagnosis and the low frequency 
of this syndrome, many patients do not know whether their relatives have this dis-
ease. Hence, a recent study suggests that SPS may be largely unrecognized during 
colonoscopy in community and academic endoscopic practices [ 7 ]. This circum-
stance could be due to the lack of knowledge of the WHO criteria for the diagnosis 
among physician community. In this sense, the mentioned study found that only 1 out 
of 20 patients who fulfi lled the WHO criteria for SPS, was correctly identifi ed by 
the referring physician and half of those patients (50 %) by the endoscopist [ 7 ]. 
Other important factors contributing for the probable under-diagnosis of this 
syndrome can be  the   diffi culty of endoscopic detection of serrated lesions and the 
lack of consensus about the histological classifi cation of this type of polyps.  

    Clinical Features 

 This syndrome is present in similar proportions in men and women but it has  a   higher 
prevalence in north-western European countries [ 23 ]. The mean age at diagnosis is 
between 40 and 60 years of age [ 4 ,  22 ,  24 – 27 ] with a range between 11 and 83 years 
of age [ 28 – 30 ]. 

   Table 4.1    The World Health Organization’s clinical criteria for the identifi cation of serrated 
polyposis syndrome   

 A  At least fi ve serrated polyps proximal to the sigmoid colon, with two or more of these 
being larger than 10 mm 

 B  Any number of serrated polyps proximal to the sigmoid colon in an individual who has 
a fi rst-degree relative with SPS 

 C  More than 20 serrated polyps of any size, distributed throughout the colon 
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 Although the majority of polyps in patients diagnosed with SPS are serrated, the 
presence of synchronous adenomatous polyps has also been described in up to 
approximately 70 % of SPS patients [ 22 ,  31 ]. 

 There is substantial phenotypic diversity in patients harboring SPS [ 1 ,  26 ]. This 
phenotypic heterogeneity in SPS has been suggested to result from different subja-
cent molecular backgrounds [ 22 ]. The WHO recognizes the existence of two differ-
ent phenotypes within the SPS according to the location of the serrated polyps 
throughout the colon:  Type 1  is the right-sided phenotype with the presence of a 
limited number  of   large serrated polyps, whereas in  Type 2,  a higher number of 
small serrated polyps are present throughout the colon [ 1 ]. The risk of cancer in 
patients classifi ed as Type 1 is considered by some authors to be substantially higher 
than in patients with Type 2 [ 1 ,  32 ]. However, other studies do not fi nd differences 
between both types [ 33 ]. This study did not fi nd substantial differences according to 
demographic, pathological, or molecular characteristics between both phenotypes 
[ 33 ]. Finally, Kalady et al. in a recent study suggested the existence of a third 
“mixed” phenotype,    which shares features with the Type 1 and 2 phenotypes and is 
present in slightly more than one-third of patients with SPS [ 22 ].   

    Characteristics of Serrated Lesions 

    Histological and Morphological Features of Serrated Lesions 

 Serrated polyps  are   defi ned as epithelial lesions with a serrated “saw-tooth” appear-
ance on histological section due to infolding of colonic crypts [ 15 ]. According to 
the latest WHO classifi cation in 2010 [ 1 ], serrated polyps can be classifi ed into 
three groups: hyperplastic polyps (HPs), sessile serrated adenomas/polyps (SSAs), 
and traditional serrated adenomas (TSAs) [ 1 ]. 

  HPs  are the  most   frequent colorectal polyps. They are typically small (2–5 mm), 
can become numerous and are mainly distributed in the sigmoid colon and rectum 
[ 24 ,  34 ]. This group is divided into three histological groups: microvesicular hyper-
plastic polyps (MVHPs), in which columnar cells have mucin-fi lled vesicles within 
atypical cytoplasm; goblet cell hyperplastic polyps (GCHPs) with conspicuous gob-
let cells and predominantly distal colon location; and the least frequent mucin-poor 
hyperplastic polyps (MPHP) [ 12 ,  34 ,  35 ] (Table  4.2 ).

    SSAs  are  usually   larger than HPs and mainly right-sided. They are histologically 
distinguished from HPs by the presence of inverted T- or L-shaped crypt bases that 
refl ect disordered proliferation [ 15 ]. Other features include dilated crypts and serration 
extending into the lower third of the crypts, increased mucin production, absence of 
enteroendocrine cells, and absence of a thickened basement membrane under the sur-
face (Fig.  4.1 ) [ 36 ]. SSAs can progress to dysplasia and cancer [ 37 ] and they represent 
around 18 % of all the serrated lesions (Table  4.2 ) [ 38 ]. MVHPs seem to be their pre-
cursor lesions, especially when they are located into the right colon [ 39 ]. In fact, both 
entities, MVHPs and SSAs, share their molecular profi le harboring  BRAF  mutations, 
and being MSI-H and CpG Island Methylator Phenotype (CIMP) positive.

M. Juárez et al.



47

    TSAs  are  less   frequent and usually located in the left colon. They are dysplastic 
polyps with patterns more similar to conventional tubulovillous adenoma architec-
ture [ 12 ,  34 ,  40 ]. Ectopic crypt formation, defi ned by the presence of crypts with 
bases not seated adjacent to the muscularis mucosae, is a feature that makes possible 
to distinguish between TSAs and SSAs (Fig.  4.2 ) [ 12 ]. TSAs are more frequently 
associated with  KRAS  mutation, and are MSI-L and CIMP-L [ 37 ] (Table  4.2 ). 
Malignancy risk and rate of progression  to   carcinoma are unknown in these lesions 
[ 35 ]. GCHPs usually mimic SSAs and seem to be the precursors of these dysplastic 
TSAs [ 40 ,  41 ].

       Endoscopic Features of Serrated Lesions 

 Serrated polyps  show   endoscopic features that help physicians to distinguish them 
from adenomatous polyps. HPs are typically diminutive and located in the distal colon 
and rectum (Fig.  4.3 ). They are characteristically pale, translucent, glistening and fl at 

     Table 4.2    Features of serrated polyps   

 Polyp subtype 
 Proportion 
(%)  Morphology  Location  Molecular features 

 HP  GCHP  20–30 %  Conspicuous goblet cells  Distal  Frequent  KRAS  
mutations (54) 

 MVHP  40–50 %  Columnar cells with 
mucin-fi lled vesicles within 
atypical cytoplasm 

 Distal  Frequent  BRAF  
mutation (76) and 
CIMP-H (68) 

 SSA  17–30 %  Advanced type of serrated 
polyps with architecture and 
abnormal proliferation. 
Dilated crypts and serration 
extending, mucin production, 
absence of enteroendocrine 
cells, and absence of a 
thickened basement 
membrane under the surface 

 Proximal  Frequent  BRAF  
mutations (75–82) 
and CIMP-H (92); 
MSI-H 

 TSA  2–5 %  Serrated architecture with 
dysplasia. Presence of crypts 
with bases not seated 
adjacent to the muscularis 
mucosae 

 Distal  Molecular 
heterogeneity. 
Associated with 
 KRAS  mutation and 
 BRAF  mutations, 
MSI-L and CIMP-L 

 MP  –  Two different components: a 
hyperplastic component and 
another dysplastic 
adenomatous component 

 –  Frequent mutations 
in  BRAF  especially 
when SSA is part of 
the lesion 

   HP  hyperplastic polyps,  GCHP  goblet cell hyperplastic polyps,  MVHP  microvesicular hyperplastic 
polyp,  CIMP-H  CpG island methylator phenotype high,  SSA  sessile serrated adenoma,  MSI-H  
microsatellite instability-high,  TSA  traditional serrated adenoma,  MSI-L  microsatellite instability- 
low,  CIMP-L  CpG island methylator phenotype low,  MP  mixed polyp  
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or sessile, and usually covered by mucus. Their vascular network is weak, in contrast 
to that of hypervascular adenomas. In total, these make HPs look very similar to the 
surrounding mucosa and less visible with insuffl ations [ 15 ,  39 ] (Fig.  4.4 ).

    SSAs are typically fl at or with non-polypoid morphology, making their detection 
even more diffi cult [ 37 ]. They often have the appearance of redundant or thickened 
mucosa altering the contour of a fold. Moreover, they have a mucus layer as a 
distinctive feature, which is adherent to the surface of the lesion, giving it  a   yellow 
or rust-colored appearance in contrast to the surrounding mucosa, which can help to 

  Fig. 4.1    Histology of sessile serrated adenoma (SSA)       

  Fig. 4.2    Histology of traditional serrated adenoma (TSA)       
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delineate the lesion [ 15 ,  39 ]. Their fl at morphology may make them diffi cult to be 
detected and completely excised by endoscopists, what may explain the variation in 
detection rates. In this sense, it has been shown that the miss-rate of polyps smaller 
than 10 mm can be as high as 23 % [ 42 ]. In fact, incomplete colonoscopy detection 
has become an important issue in the proximal colon, where the effectiveness of 
colonoscopy to prevent CRC is clearly lower than within the distal colon and rectum, 

  Fig. 4.3    Multiple hyperplastic polyps in the colorectum       

  Fig. 4.4    Hyperplastic 
polyp with sessile 
morphology       
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possibly related to failures into SSAs recognition and resection [ 39 ]. In this regard, 
it is not surprising that there has been suggested a link between the serrated pathway 
and risk for interval cancers [ 43 ]. 

 Newly advanced endoscopic techniques, such as chromoendoscopy or narrow- 
band imaging (NBI), may signifi cantly improve  the   detection rate of serrated 
lesions [ 15 ]. Indeed, areas of dysplasia within an SSA can be distinguishable with 
image enhancement techniques and/or optical magnifi cation colonoscopies [ 39 ]. 
Published randomized trials have shown that pancolonic chromoendoscopy almost 
doubles the rate of detection of sporadic serrated polyps compared to conventional 
 endoscopy [ 44 – 46 ]. Toyoshima et al. [ 47 ] found a prevalence of SPS of 8.4 % in a 
cohort of 249 patients with HPs using chromoendoscopy [ 47 ]. NBI is also useful 
to differentiate adenomas from HPs [ 48 ,  49 ], and the  prospective   study made by 
Boparai et al. [ 50 ] in SPS patients showed promising results supporting the use of 
this technology.   

    The Serrated Pathway of Colorectal Carcinogenesis 

 The serrated pathway  of   carcinogenesis is an alternative and recently recognized 
tumorigenesis pathway that involves the malignant transformation of serrated 
polyps into CRC. This serrated pathway accounts for 15–30 % of all of CRCs 
[ 43 ]. The serrated pathway  of   carcinogenesis is considered a distinct entity from 
the other two classical CRC pathways—chromosomal instability (CIN) and MSI 
pathways—where adenomas are traditionally considered the precursor lesions. 
The serrated pathway involves epigenetic hypermethylation of CpG islands within 
promoter regions of tumor suppressor genes. This mechanism results in the silenc-
ing of these genes, and these tumors are known as CIMP-positive tumors. This 
epigenetic event is usually the fi rst step of a cumulative set of alterations in which 
 BRAF  V600E mutation has been suggested as a precursor step. The role of this 
mutation could be related to apoptosis evasion [ 51 ,  52 ], that may result in the 
development of cancer. 

 It is well  established   that CIMP-H is strongly associated with  BRAF  mutations as 
well as with MSI, probably through  MLH1  methylation. On the other hand, CIMP-L 
phenotype is associated with  KRAS  mutations [ 53 ], mainly involving codons 12 and 
13. Both  KRAS  and  BRAF  are proto-oncogenes involved in the upstream activation 
of the mitogen activated protein kinase (MAPK) pathway, which promotes prolif-
eration, cell survival, and gene expression. These oncogene-activating mutations, 
together with the development of the CIMP phenotype, promote accumulation of 
alterations in serrated precursor lesions that can fi nally lead to carcinoma formation 
[ 39 ]. These CIMP-positive tumors seem to be associated with a good prognosis 
[ 54 ], although it has been shown that they do not respond to 5-FU-based chemo-
therapy [ 55 ]. Molecular events leading to  these   clinicopathological differences 
remain unknown. 
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    Molecular Hallmarks of Serrated Pathway 

 There is some evidence to hypothesize the coexistence of  two   different serrated 
pathways regarding their different molecular profi les. One of them involves  BRAF  
mutation and usually leads to CIMP-H tumors. These tumors are usually MSI, 
although their MSI status will depend on the somatic hypermethylation of the 
 MLH1  promoter [ 12 ,  34 ,  36 ,  56 ]. This hypermethylation could precede the develop-
ment of cytologic dysplasia [ 57 ]. This pathway usually results in neoplasia in the 
proximal colon [ 34 ,  37 ]. 

 The precursor lesions in this serrated pathway would be fi rst MVHP that would 
progress next to SSA [ 58 ].  BRAF  mutation and CIMP-H status are molecular events 
shared by both type of polyps, thus supporting this theory [ 59 ]. The role of  BRAF  
mutation evading apoptosis [ 51 ,  52 ]; and the silencing of genes involved in cellular 
cycle silencing through methylation of their promoters (such as  CDKN2A , I GFBP7 , 
and  TP53 ) could help these cells to escape senescence [ 12 ]. 

 In the  second   serrated pathway subtype, microsatellite stable (MSS) tumors 
could evolve from TSAs when the  MLH1  promoter is not affected (and thus MSI is 
not developed). These tumors harbor  KRAS  mutations more frequently than  BRAF  
mutations, possibly due to silencing of  MGMT  gene [ 34 ,  60 ]. This pathway is usually 
CIMP-L and results in more distal colon neoplasia. 

 Finally, although both  BRAF  and  KRAS  mutations are associated with pathogenesis 
of SSAs and TSAs respectively, the progression to highly dysplastic lesions or inva-
sive carcinomas requires the presence of  additional   alterations in tumor suppressor 
genes, including  p53  or β- Catenin  [ 61 ]. In fact, aberrant nuclear accumulation of 
 p53 , which regulates cellular response to stress throughout cell cycle control, cor-
relates with dysplastic changes in a proportion of SSAs and TSAs [ 39 ,  61 ,  62 ]. 
 p53  has been found more commonly mutated in CIMP-L MSS cancers, compared 
to MSI ones, which could explain the aggressiveness and worse prognosis of those 
tumors [ 12 ,  34 ,  39 ]. It is possible that  MLH1  methylation and  p53  mutation are critical 
alterations leading to  neoplastic   change and transition to either MSI or MSS CRC, 
respectively [ 39 ] (Fig.  4.5 ).

       Molecular Markers of Serrated Pathway in SPS Patients 

 Some studies have evaluated the use of  BRAF  and  KRAS  mutation  and   CIMP status 
as biomarkers of SPS [ 56 ,  63 ]. This would become particularly useful considering 
the diffi culties for SPS diagnosis due to the stringent WHO criteria. Guarinos et al. 
[ 33 ] detected a high rate of somatic  BRAF  mutations and CIMP-H phenotype in the 
polyps of 50 SPS patients. Moreover, all these SPS patients had mutations in either 
 KRAS  or  BRAF  in at least 25 % of their polyps, suggesting these mutations as poten-
tial biomarkers for this disease. Similarly, Carvajal-Carmona et al. [ 9 ] proposed 

4 Serrated Polyposis Syndrome



52

those molecular criteria as complementary to the clinical WHO criteria for SPS 
diagnosis. They recommended  SPS to be diagnosed if either somatic  BRAF  or 
 KRAS  mutations  are   present in a high frequency in HPs; and conversely, to be 
excluded if both mutations were present in less than 10 % of HPs, or if less than 5 % of 
HPs were MSI-H. 

 Nevertheless, there is still some controversy about the usefulness of these molecular 
markers for SPS, since the SPS-related CRCs do not exhibit consistent molecular 
patterns in this regard. Rosty et al. reported that only half of the CRCs of SPS 
patients—those with distally located and MMR profi cient cancers—had somatic 
 BRAF  or  KRAS  mutations [ 31 ]. This discrepancy in the molecular profi le between 
polyps and CRC of SPS patients could  be   explained if a proportion of the CRCs 
of SPS patients do not develop through the serrated pathway but the traditional 
adenoma–carcinoma pathway instead.  

    Methylation of Normal Colorectal Mucosa in SPS Patients 

  BRAF  mutation  and   DNA methylation seem to be the earliest events of the serrated 
pathway of carcinogenesis. Extensive DNA methylation in normal colorectal 
mucosa has been described in patients with SPS compared to patients with sporadic 
serrated polyps [ 52 ]. This suggests a fi eld defect in epigenetic regulation associated 
with senescence and inappropriate rapid aging of the colonic mucosa, which would 
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  Fig. 4.5    Model of serrated pathway of carcinogenesis.  MVHP  microvesicular hyperplastic polyp, 
 SSA  sessile serrated adenoma,  SSA-D  sessile serrated adenoma with dysplasia,  MSI  microsatellite 
instability,  MSS  microsatellite stable,  CIMP  CpG island methylator phenotype,  GCHP  goblet 
cell serrated polyp,  TSA  traditional serrated adenoma,  TSA-D  traditional serrated adenoma with 
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drive an underlying genetic predisposition to extensive DNA methylation. Thus, 
this phenomenon would be associated with a predisposition to young-onset multiple 
serrated polyps and conventional adenomas, and fi nally to CRC arising through 
the serrated pathway [ 15 ,  64 ]. However,  the   sequence of events involved in this 
constitutive epigenetic disorder has not been elucidated yet [ 15 ,  65 ].   

    Risk of Cancer in SPS 

    CRC Risk in SPS Patients 

 Although SPS was originally considered to have no clinical consequences [ 66 ], it is 
now accepted that there is  a   substantial risk of CRC among patients with this syn-
drome. Nevertheless, the magnitude of this risk has still to be precisely determined 
[ 67 ]. Several studies have reported different CRC risks in SPS patients, ranging from 
20 to 70 %, depending on the moment of its determination, which can be at the time 
of diagnosis or during polyps surveillance [ 3 ,  4 ,  16 ,  24 – 26 ,  33 ,  68 ] (Table  4.3 ).

   In a recent retrospective study of 77 SPS patients, up to 35 % had CRC, of which 
28.5 % were detected at time of SPS diagnosis, and 6.5 % developed   it   during the 
subsequent 5 years of polyps surveillance [ 26 ]. The cumulative risk of CRC was 6.5 % 
during a follow-up of a mean of 5.6 years [ 26 ]. Similar rates were found in another 
cohort of 44 patients, where 4.5 % of them were diagnosed with CRC in surveillance 
colonoscopies [ 68 ]. 

 It is important to note that, due to the phenotypic heterogeneity of this disorder, the 
risk of CRC is not likely to be uniform [ 69 ]. Moreover, it seems that the occurrence 
and the risk of cancer increase with  the   number and size of serrated polyps [ 26 ,  70 ]. 
This situation acquires signifi cant relevance because the number of polyps detected in 
surveillance colonoscopies increases 40 % per year over the baseline polyp number 
[ 68 ]. In addition, these patients can also have synchronous conventional adenomas 
[ 25 ,  71 ]. In fact, the presence of at least one adenoma in patients with multiple serrated 

   Table 4.3    Colorectal cancer (CRC) risk in patients fulfi lling World Health Organization (WHO) 
criteria for serrated polyposis syndrome (SPS)   

 Author (year) 
 Number of 
SPS patients 

 Diagnostic 
(mean, years)  WHO  CRC (% patients) 

 Ferrandez [ 24 ]  15  52  Yes  – 
 Rubio [ 25 ]  10  61  Yes  70 % 
 Chow [ 4 ]  38  44  Yes  26 % 
 Boparai [ 26 ]  77  56  Yes  35 % 
 Win [ 3 ]  100  48  No (>5 serrated polyps)  69 % 
 Edelstein [ 68 ]  44  52  Yes  7.6 % 
 Guarinos [ 33 ]  50  49  Yes  18 % 
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polyps is associated with a 4 times higher risk of CRC [ 72 ]. The existence of missed 
lesions in previous colonoscopies or rapidly growing tumors following the serrated 
pathway of carcinogenesis  have   been suggested as possible causes of this high risk of 
CRC development in SPS patients [ 73 ].  

    Risk of Extracolonic Cancers in SPS patients 

 Several studies have reported incidence rates  of   extracolonic cancers between 16 % 
and 28 % in patients with SPS [ 22 ,  27 ,  74 ,  75 ]. Edelstein et al. reported that 16 % of 
64 SPS patients developed extracolonic cancers [ 74 ] and Jasperson et al. found that 
24 % of SPS patients had a history of an extracolonic tumor [ 27 ]. Breast, lung and 
prostate cancers are the most common extracolonic cancers seen in SPS families 
[ 22 ]. Pancreatic cancer is also associated with this syndrome [ 3 ]. Supporting that, 
Kalady et al. reported, in a cohort of SPS patients, that pancreatic cancer was the 
most common cancer overall, affecting 15 % of male patients. In the same study, 
9 % of the  pedigrees analyzed had gastric cancers [ 22 ]. 

 However,  other   series do not show any increase of the risk of extracolonic neo-
plasms in SPS patients either in their fi rst-degree relatives [ 76 ]. Environmental fac-
tors may partly be responsible for the phenotypic differences of SPS patients and 
they may be interacting with the genetic predisposition to both colonic and extraco-
lonic cancers. Several studies have suggested that factors such  as   smoking, over-
weight or use of certain drugs may be potential risk factors for the development of 
hyperplastic polyps and serrated polyposis [ 72 ,  77 – 79 ].  

    Risk in Relatives of SPS Patients 

 Serrated polyposis has many features suggestive of an  underlying   genetic predispo-
sition, including young-onset of CRC, multiplicity of neoplastic lesions, and an 
ethnicity and familial aggregation of SPS and CRC. However, the pattern of inheri-
tance and the exact familial risk of SPS remain unknown and both dominant and 
recessive patterns have been described [ 4 ,  22 ,  50 ]. Published case series indicate 
that the rate of CRC in fi rst-degree relatives of SPS patients ranges between 0 % and 
59 % [ 4 ,  5 ,  22 ,  25 ,  27 ]. Reasons for this high variability in reported family history 
of CRC are largely unknown, but they may be secondary to selection bias. Boparai 
et al. have recently reported an increased risk for both CRC and SPS in fi rst-degree 
relatives of SPS patients, compared to general population.  They   estimated that fi rst- 
degree relatives of SPS patients had a fi ve-fold greater risk of CRC and 39 times 
higher incidence of SPS compared to general population [ 50 ]. Win et al. observed 
similar fi ndings in a retrospective cohort of 1,639 fi rst and second-degree relatives 
of 100 index cases with SPS from different countries. Second-degree relatives of 
these SPS index cases also had an increased risk of CRC [ 3 ]. In a prospective study, 

M. Juárez et al.



55

 the incidence of SPS among fi rst-degree relatives of the SPS patients analyzed was 
32 % [ 80 ]. Besides, in the 11 SPS families described by Young et al., six of them 
fulfi lled Amsterdam criteria I for Lynch Syndrome. The phenotype of  these   tumors 
was variable in MSI status, and 70 % of them showed mutation in  BRAF  and 80 % 
hypermethylation of  MINT31 . Moreover, CRCs were associated with young age of 
onset and a serrated architecture in those cases [ 81 ]. 

 Some patients with  MUTYH -associated polyposis (MAP) fulfi ll the WHO criteria 
for SPS [ 4 ,  82 ,  83 ]. These MAP patients account for approximately 1 % of all the 
SPS patients, and these individuals commonly show a mixed phenotype, with both 
hyperplastic and serrated polyps. Mutations in other tumor suppressor genes have 
also been reported. Sweet et al.  found   mutations in  PTEN  in 2/23 patients with a 
combination of hyperplastic and adenomatous polyps [ 84 ]. Moreover, one case with 
a missense mutation in  EPHB2  has also been reported [ 85 ]. Germline whole exome 
sequencing in 20 patients with multiple SSAs detected mutations in 35 % of these 
patients in six genes involved in oncogene-induced senescence ( ATM ,  PIF1 ,  TELO2 , 
 XAF1 ,  RBL1 , and  RNF43 ) [ 86 ]. Other studies that aimed to identify specifi c genes 
in  target   regions for SPS or for multiple serrated polyps did not fi nd any germline 
candidates [ 4 ,  87 ,  88 ].   

    Recommendations for Treatment and Surveillance 

    Recommendations for SPS Patients and Relatives 

 Recommendation for surveillance and management of SPS patients are exclusively 
based on experts opinions, although CRC surveillance guidelines do have recom-
mendations regarding management of SSAs outside the context of SPS. 

 Recent guidelines for CRC screening recommend a complete polypectomy of all 
the polyps larger than 5 mm and located in proximal colon [ 89 ]. Surveillance colo-
noscopy is recommended after 1 to 3 years depending on the features of polyps 
found, being especially important a high number, SSA histology, proximal location 
or large size of polyps [ 5 ,  23 – 25 ,  70 ]. In this sense, a recent study shows that annual 
endoscopic surveillance with removal of all polyps greater than 3 mm prevents CRC 
in SPS patients [ 76 ]. 

 Surgery with total colectomy and ileorectal anastomosis is indicated when CRC 
is diagnosed, or the  number   and/or size of polyps make the endoscopic manage-
ment unfeasible, either there is no possibility of surveillance [ 35 ]. Annual follow-
up colonoscopies are indicated post-surgery for the assessment of the remaining 
colon and rectum. 

 In fi rst-degree relatives, a screening colonoscopy is recommended from the age 
of 35–40 or 10 years younger than the index case with SSAs or HPs. In the same 
way, surveillance colonoscopies are recommended in these relatives every 5 years, 
with shorter intervals when polyps are detected [ 35 ,  50 ,  89 ]. 
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 In any case,  the   management of patients with SPS and their relatives requires a 
multidisciplinary assessment in a context of high-risk units of CRC prevention. 
High quality colonoscopy with use of complementary techniques in order to improve 
polyp detection should be guaranteed for SPS patients and their relatives.      
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    Chapter 5   
 Polymerase Proofreading Associated 
Polyposis, and Other New Syndromes 
of Hereditary Colorectal Cancer                     

       James     Church     

          Introduction 

 The hallmarks of hereditary colorectal cancer include multiple neoplasms in multiple 
organs, cancer arising at a young age, and a family history suggestive of inheritance. 
When a patient and family present in this way, genetic counseling and testing some-
times reveal the mutation causing the syndrome. The most common hereditary pol-
yposis syndromes are familial adenomatous polyposis (FAP) and  MYH  associated 
polyposis (MAP). Recently new syndromes of inherited colorectal cancer have been 
reported, involving germline mutations in genes coding for proteins that help to main-
tain the fi delity of DNA reproduction. This chapter will describe these syndromes: 
polymerase proofreading associated polyposis (PPAP) [ 1 ],  NTHL1  associated pol-
yposis (NAP) [ 2 ], polyposis associated with mutations in  FAN1  [ 3 ] ,  and hereditary 
colon cancer associated with mutations in   BUB1 / BUB3   . They are summarized in 
Table  5.1 . However before discussing the syndromes it is important to emphasize the 
critical nature of DNA repair to health in general, and carcinogenesis in particular.

       The Importance of Faithful DNA Reproduction 

 Whenever a cell divides its genetic material is passed into  the   daughter cells. Ideally 
there should be an exact replication of the sequence of nucleotide bases that consti-
tute the DNA. Of course there is considerable redundancy in the genetic code and 
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so some discrepancy is tolerated, but sometimes even a change in one base is 
 harmful. There are multiple systems of DNA proofreading and repair that are highly 
conserved between species. This conservation and the redundancy in the genetic 
code refl ect the importance of faithful DNA replication to the survival of the 
organism. 

 Failure of DNA repair has  serious   implications for the genome of the daughter 
cells as the mistakes that go uncorrected become incorporated into the DNA and are 
passed on to all subsequent generations of the affected clones as mutations: perma-
nent structural changes. The results of DNA repair failure are often characteristic of 
the repair system involved. For example, failure of mismatch repair causes unstable 
DNA microsatellites and is recognized clinically as microsatellite instability in 
tumors [ 4 ]. Genes that contain microsatellites are at risk of acquiring mutations. 
Failure of base-excision repair due to loss of MYH function results in GC:AT trans-
versions (substitution of two ring purines for one ring for pyrimidines) that cause 
mutations in multiple genes. Typically  APC  is affected, and these  APC  mutations 
act as a driver  for   colorectal carcinogenesis, producing the clinical picture of attenu-
ated FAP that is termed  MYH  Associated Polyposis (MAP) [ 5 ]. However the pheno-
type varies according to the spectrum of genes involved by the effects of the germline 
mutation. For example, if  KRAS  acquires the GC:AT transversions, patients tend to 
develop serrated polyps. A second gene involved in base-excision repair— NTHL1 —
has been described in association with a MAP-like syndrome characterized by 
recessive inheritance, attenuated adenomatous polyposis, and extracolonic tumors. 
This syndrome has been named  NTHL1  associated polyposis (NAP) [ 2 ]. Another 
mechanism of DNA repair that, when failing, has downstream effects on multiple 
genes, is DNA polymerase proofreading. As the new strand of DNA is formed, 
proofreading proteins check for mistakes in nucleotide base incorporation. When 
proofreading fails, mutations occur  in   multiple genes, including  APC, KRAS , and 
 BRAF . When the failure is inherited as a germline mutation in a proofreading gene, 
it leads to a dominantly inherited syndrome of young onset colorectal cancer and 

   Table 5.1    Newly described syndromes of hereditary colorectal neoplasia   

 Syndrome  Gene(s)  Mechanism  Inheritance  Phenotype 

 Polymerase 
proofreading 
associated polyposis 
(PPAP) 

  POLE, 
POLD1  

 DNA polymerase 
proofreading 

 Dominant  >5 adenomas, young age 
of onset colorectal cancer, 
endometrial cancer 
( POLD1 ) 

  NTHL1  associated 
polyposis (NAP) 

  NTHL1   Base-excision 
repair 

 Recessive  Oligopolyposis, young 
age of onset colorectal 
cancer 

  FAN1  associated 
young colorectal 
cancer 

  FAN1   Interstrand 
crosslink repair 

 Dominant  Young age of onset 
colorectal cancer 

  BUB1/BUB3  young 
colorectal cancer 

  BUB1, 
BUB3  

 Spindle 
checkpoint 
assembly 

 Young age of onset 
colorectal cancer 
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adenomatous polyps. This is PPAP [ 1 ]. Finally a recent report describes germline 
mutations in a gene associated with DNA interstrand crosslink repair ( FAN1 ) in 
patients with Amsterdam positive colorectal cancer families with microsatellite 
stable tumors [ 3 ]. 

 This relative plethora of  new   syndromes of hereditary colorectal cancer increases 
the complexity of the fi eld, but at the same time fi lls in gaps that existed in our abil-
ity to fi nd a molecular explanation for inheritance of the disease. In the context of 
the increasing use of Nextgen sequencing and cancer panels, variants in rare genes 
may be identifi ed in families and so an increase in knowledge and understanding of 
the implications of these gene mutations is important.  

    Polymerase Proofreading Polyposis 

 DNA polymerases are responsible for replication of the DNA molecule. This is a 
complex process involving multiple isomers of the polymerase proteins. The pro-
cess  of   replication is begun by Polα and continued by Polε on the leading strand and 
Polδ on the lagging strand. Inherent to the accurate replication of DNA by Polδ and 
Polε is a 3′ exonuclease function that corrects mistakes in the process. Mutations 
that interfere with the proofreading function of these genes produce a mutator phe-
notype that has been associated with a dominantly inherited syndrome of young 
onset colorectal cancer, oligopolyposis, and endometrial cancer [ 1 ,  6 – 11 ]. 

 In February 2013, Palles et al. published the results  of   whole genome sequencing 
of 15 probands who presented with at least 10 adenomas diagnosed before they 
turned 60 years of age [ 1 ]. Five relatives of the probands were also sequenced. Eight 
of these 20 patients had developed colorectal cancer, and the remaining 12 each had 
an affected fi rst degree relative. Patients had been screened for germline mutations 
in  APC ,  MYH , and the DNA mismatch repair genes: one patient had attenuated FAP 
and another had Lynch syndrome. Analysis of  the   remaining patients revealed a 
variant at  POLE  L424V that was predicted to have severe deleterious effects on 
protein function. 

  Clinical and genetic analysis   of the affected patients and their tumors followed. 
There was variability in the severity of the phenotype but the kindreds showed 
dominant inheritance of multiple adenomas and young onset, microsatellite stable 
cancer. Ages at diagnosis of cancer ranged from 28 to 53 years (median 33 years), 
the range of number of adenomas was from 1 to 68 (median 10), and the time dur-
ing which the adenomas accumulated was from 10 to 22 years. Thirty-nine tumors 
from 11 carriers were genetically analyzed, and base substitution  mutations   were 
found in multiple genes including  KRAS ,  BRAF , and  APC . This  APC  mutation 
pattern was different to that found in sporadic tumors, where the majority of 
mutations are frameshifts. A second variant was found in three other families: 
 POLD1  S478N. Tumors in these patients were similar to those found in  POLE  
mutation  carriers   but the cancer spectrum for  POLD1  included endometrial and 
brain cancer [ 1 ]. 
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 Since this original report, others have screened various groups of patients  for 
  germline mutations in  POLE  or  POLD1 . Elsayed et al. tested 1188 genetically undi-
agnosed patients with familial colorectal cancer or polyposis for the variants  POLE  
p.L424V and  POLD  p.S478N [ 6 ]. They found three index cases with POLE p.
L424V, one of which seemed to be de novo. Neoplasms from three patients in two 
of the families were microsatellite unstable and on immunohistochemistry lacked 
expression of MSH2/MSH6. There were no germline mutations in these DNA mis-
match repair genes and the authors theorized that this mismatch repair defi ciency 
was due to the hypermutator phenotype caused by the  POLE  mutation, the same 
phenomenon that is  sometimes   seen in patients with biallelic  MYH  mutations. 

 Valle et al. screened 858 patients  with   polyposis and familial/young age of 
onset colorectal cancer and found a de novo  POLE  p.L424V mutation in a 28 
years old with polyposis and colorectal cancer [ 7 ]. In addition a new mutation 
( POLD1  p.L474P) was found in a mismatch repair profi cient family fulfi lling 
Amsterdam II criteria. Chubb et al. [ 8 ] studied 646 unrelated individuals with 
colorectal cancer diagnosed under 56 years old and with at least one affected fi rst 
degree relative, and found pathogenic mutations in  POLE  in two and  POLD1  in 
one. Age at diagnosis ranged from 28 to 45 years, and there was an average of 4 
affected relatives for  POLE  and 2 for  POLD1 . These large studies by Elsayed 
et al., Valle et al., and Chubb et al. show that PPAP is rare, even in families with a 
suggestive family history. They show  that   mutations in polymerase proofreading 
genes can occur de novo (that is, without a family history), and that they can pro-
duce tumors with a Lynch syndrome phenotype. These are all important fi ndings 
in the context of investigating patients and families that may have an hereditary 
colorectal cancer syndrome. 

 Whole exome sequencing is a technique that limits testing to  the   protein coding 
regions of the DNA (the exome); 5 % of the whole genome. It identifi es variants 
segregating with disease that are likely to have a deleterious effect on protein for-
mation [ 13 ]. At a recent meeting of the International Society for Gastrointestinal 
Hereditary Tumors (InSiGHT), four abstracts reported the results of exome 
sequencing in families with apparent dominant inheritance of adenomatous polyp-
osis and/or young age of onset colorectal cancer [ 8 – 11 ]. While this work does not 
establish the incidence of  POLE  and  POLD1  mutations  in   patients and families 
with this phenotype, it does increase our knowledge of the phenotype. This is 
shown in Table  5.2 .

       Diagnosis, Surveillance, and Treatment 

 The  clinical features   of PPAP seem to be variable but include a dominantly inherited 
pattern of predisposition to colorectal neoplasia, such as attenuated polyposis, mul-
tiple advanced adenomas, microsatellite stable or unstable colorectal cancer, and 
endometrial cancer, all happening at relatively young ages. Thus PPAP can account 
for an unknown percentage of patients currently defi ned as Familial Colorectal 
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Cancer Type X, and for some patients with MSI cancers lacking MSH2/MSH6 
expression but without germline mutations in the corresponding genes. The option 
of sequencing  POLD1  and  POLE  is beginning to be added to Nextgen panels by 
commercial genetic testing companies. This will make the diagnosis easier. Once a 
genetic diagnosis is made, patients can be followed yearly with colonoscopy and 
pelvic ultrasound. Prophylactic colectomy and hysterectomy can be discussed 
though there is very little data on which to make an informed recommendation to 
the patient and family. The number of adenomas reported by Palles et al. suggests 
that many patients can potentially be managed  by   colonoscopy, either of the intact 
colon or after a segmental colectomy for a presenting cancer. 

  Management of an   existing colorectal cancer can be segmental colectomy or 
total colectomy and ileorectal anastomosis. The limited literature suggests a highly 
penetrant disease, but there is no long-term follow-up on gene carriers to look at the 
risk of metachronous tumors. The following suggested surveillance program is 
extrapolated from other syndromes and falls on the more aggressive side of 
surveillance. 

   Table 5.2    Genotype and phenotype of patients and families with polymerase proofreading 
associated polyposis (PPAP)   

 Authors  Gene(s) 
 Colorectal 
phenotype 

 Extracolonic 
cancers 

 Family history 
of cancers 

 Spier [ 9 ]   POLE  Leu 
424Val 

 3/77 with Amsterdam 
positive families, 
2/30 with 
adenomatous 
polyposis 

 Duodenal 
adenomas (63 %), 
duodenal cancer, 
ovarian cancer, 
glioblastoma 

 Hansen [ 12 ]   POLE  
p.Tyr458Phe 

 Variable  Ovaries, small 
intestine pancreas 

 Rosner [ 10 ]   POLD1  
p.V759I,  POLE  
p.E277G 

 Adenomas, advanced 
adenomas, 
hyperplastic polyps, 
left sided colorectal 
cancer 

 Glioblastoma 
multiforme, café au 
lait spots (POLE) 

 Lung cancer, 
lymphoma, 
skin, and gum 
cancer 

 Nordling [ 11 ]   POLE  
p.Asn363Lys 
p.Lys425Arg 

 Young onset CRC  Ovary, 
endometrium, brain 

 Elsayed [ 6 ]   POLE p. L424V  Multiple adenomas, 
young age of onset 
colorectal cancer 
(MSS and MSI) 

 Endometrium, 
brain 

 Liver cancer 

 Valle [ 7 ]   POLE  p.L424V 
 POLD1  
p.L474P 

 Polyposis and 
colorectal cancer 

 Endometrial, 
gastric, brain, 
bladder 

 Chubb [ 14 ]   POLE  p.L424V 
 POLD1  
p.S478N 6 
other variants 

 Young age of onset 
colorectal cancer 
with affected fi rst 
degree relative 
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 Management of the at risk relatives requires colonoscopic screening from the 
lower age of 25 years, or 5 years younger than the youngest affected relative. For 
 POLD1  families, or untested families with endometrial cancer as part of the pheno-
type, yearly pelvic examinations with  ultrasound   should begin at age 30. 
Hysterectomy should be considered after childbearing has been completed. A base-
line EGD should be done at diagnosis, and repeated every 5 years or more often if 
there are polyps. When there is a Familial Colorectal Cancer Type X family, in 
whom genetic testing is uninformative, a similar surveillance program should apply 
to all at risk relatives. When genetic testing  identifi es   a deleterious mutation, at risk 
relatives can be triaged by screening for the mutation.  

     NTHL1  Associated Polyposis 

 In a recent letter  to   Nature Genetics, Weren et al. reported the results of whole exome 
sequencing in 51 unrelated patients with multiple adenomas [ 2 ]. They found homozy-
gous germline mutations in a base-excision repair gene ( NTHL1 ) in seven affected 
individuals from three unrelated families. All three families showed recessive inheri-
tance of adenomas and predisposition to colorectal and endometrial cancer. The carrier 
state of the mutation (heterozygous mutation) occurred in 0.0036 % of 2329 controls. 
Examination of tumors in affected individuals showed an excess of CG:TA transver-
sions in the DNA, different to the CG:AT transversions seen with MAP. Affected genes 
included  APC, TP53, KRAS , and  PIK3CA , typical driver genes for colorectal neopla-
sia. Clinical features of the homozygous mutation carriers included multiple colorectal 
adenomas and multiple metachronous colorectal cancers, premalignant or malignant 
endometrial tumors, and duodenal neoplasia. Serrated polyps were not seen. 

 In this one study, NAP  is   behaving in a similar way to MAP, with early onset of 
colorectal cancer, multiple adenomas, endometrial cancer, and a picture reminiscent 
of attenuated FAP. This is not surprising because the molecular mechanism of the 
disease is very similar. For the moment, patients and families can be managed simi-
larly to those with MAP. The colon may be managed endoscopically and surveyed 
yearly if this is practicable given the ease of the examination and the aggressiveness 
of the polyposis. EGD and thyroid screening are performed as indicated by fi ndings 
on the early examination. If endoscopic treatment is impossible or inadequate for 
cancer prevention,  prophylactic   surgery is performed.  NTHL1  sequencing is not yet 
commercially available, but may come in to colorectal cancer testing panels in the 
relatively near future.  

     FAN1  and  BUB1/BUB3  

 Whole exome sequencing  of   Familial Colorectal Cancer Type X families 
(Amsterdam positive family history and microsatellite stable tumors) has recently 
uncovered germline mutations in  FAN1 , a gene which encodes a nuclease involved 
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in DNA interstrand crosslink repair [ 3 ]. The FAN1 protein interacts with compo-
nents of DNA mismatch repair such as MLH1, PMS2, and PMS1. Germline  FAN1  
mutations were detected in approximately 3 % of familial colorectal cancer Type X 
families, offering  another   molecular explanation for this genetically heterogeneous 
group.   BUB1  and  BUB3    are spindle assembly checkpoint genes, ensuring normal 
chromosome segregation during mitosis and preventing aneuploidy. De Voer et al. 
found haploinsuffi ciencies or heterozygous germline mutations in 2.9 % of 208 
patients with colorectal cancer under the age of 40 years, or with familial aggrega-
tion of the disease [ 14 ]. In addition to the colorectal cancer these patients showed 
variegated aneuploidy in multiple tissues. We await  more    detailed reporting of the 
phenotypes and the incidence of the genotypes of  FAN1  and  BUB1 / BUB3  associ-
ated colorectal cancer. In the meantime their inclusion in genetic panels will make 
the genetic diagnosis of hereditary colorectal cancer more complete.     
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    Chapter 6   
 Juvenile Polyposis Syndrome                     

       Kendall     Keck      and     James     R.     Howe     

          Introduction 

 Juvenile polyps are the most common polyps seen in children [ 1 ]. It has been esti-
mated that as many as 1 % of the population will have one of these polyps in their 
lifetime, but in most cases these disappear, and patients do not have ongoing issues 
related to them, such as bleeding or prolapse. In some individuals, these polyps are 
multiple, and may continue to form throughout a person’s life. These people have a 
different situation, where they are born with an autosomal dominant syndrome pre-
disposing them to developing these polyps. It has been estimated that this condition, 
Juvenile Polyposis (JP), affects approximately 1 in 100,000 individuals [ 2 ]. There is 
an equal incidence between males and females, and an increased incidence in indi-
viduals of Northern European descent [ 3 ]. JP patients most commonly  develop 
  hamartomatous polyps throughout the colon (Fig.  6.1 ), but may also have polyps in 
other portions of the GI tract as well, usually within the stomach (Fig.  6.2 ). Patients 
with JP have an increased risk of GI cancers, with the highest risk being for colorec-
tal cancers, but there is also increased risk for gastric and  pancreatic   tumors.

    The earliest case of JP described in the literature is unclear, but some  attribute 
  this to Hertz et al. in 1914. He described a family consisting of four children all hav-
ing rectal polyps and bleeding, and asymptomatic parents [ 4 ]. These polyps were 
never confi rmed to be juvenile histologically, but this was very likely the earliest 
description of a JP family. In 1939, Diamond reported a 30-month-old child with 
constipation and hematochezia with a pedunculated, sessile polyp of the rectum, 
prone to prolapse [ 5 ]. This 2.5 cm polyp, although described as an adenoma, had  the 
  histologic features we have come to know as a juvenile polyp. 
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 Helwig described the histologic fi ndings of hamartomatous polyps in 1946, 
including stroma embedded with mucus-fi lled, glandular structures, and associated 
infl ammatory cell infi ltration. There were no dysplastic  or   adenomatous changes 
noted within the epithelium [ 6 ]. Ravitch described a 10 month old with upper and 
lower GI juvenile polyps in 1948, who suffered from severe anemia, malnutrition, 
and prolapsing rectal polyps, and subsequently died from this at an early age [ 7 ]. In 
1957, Horilleno fi rst introduced the term hamartomatous polyp [ 8 ], and shortly 
thereafter, Morson spelled out the differences between adenomatous, infl ammatory, 
Peutz-Jeghers, and Juvenile polyps [ 9 ]. 

 Despite these previous observations  and   Hertz’s early report, it was not until 
1966 that an autosomal dominant inheritance pattern was suggested by Smilow and 
associates, after studying a three generation family with JP [ 10 ]. This was further 

  Fig. 6.1    Multiple juvenile polyps in the cecum. Note many diminutive polyps and several larger, 
red, pedunculated, and multilobular polyps       

  Fig. 6.2    Gastric polyposis at the GE junction, sparing the more distal stomach in a JP patient. 
Note the diffuse, frond-like nature, rather than the pedunculated polyps as seen in the colon       
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reinforced by a 1975 report by Stemper and associates, who described a kindred 
with ten affected individuals with colorectal or gastric polyps. There were also 11 
members of the family who developed GI cancer, predominantly of the colon, but 
also of the stomach, duodenum, and pancreas [ 11 ]. The link between hamartoma-
tous polyps and GI cancer was strengthened by the fi nding of Liu et al. of a focus of 
signet ring cell carcinoma within a juvenile polyp in a 16-year-old boy [ 12 ]. Since 
then,  multiple   reports have confi rmed this relationship between JP and the develop-
ment of GI cancer [ 13 – 16 ].  

    Morphology and Histology 

 Juvenile polyps  are      frequently rounded and pedunculated on a stalk. They may 
range in size from a few mm to up to 5 cm. They can also be sessile, especially when 
in the stomach. Their surface has a thin mucosa, which may become eroded, leading 
to bleeding [ 17 ,  18 ]. In those with JP, there may be just a few polyps at a time, or 
there may be a 100 or more, even within members of the same family. Looking at 
them microscopically, there is an expansion of the lamina propria with abundant 
stroma, cystically dilated glands, and infi ltration of infl ammatory cells (Fig.  6.3 ). 
Overlying  this      markedly expanded lamina propria is a relatively normal layer of 
epithelium. This epithelium can occasionally become dysplastic, but this is rela-
tively rare. When biopsied, these hamartomatous polyps may be diagnosed as 

  Fig. 6.3    Microscopic view of a polyp showing an expanded lamina propria with cystically dilated 
glands with infl ammatory infi ltrate, covered by thin layer of epithelium       
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juvenile polyps, hyperplastic polyps, or infl ammatory polyps. They differ from 
hamartomatous polyps in Peutz-Jeghers  patients      in that the latter contain areas of 
smooth muscle within the lamina propria.

       Clinical Presentation 

 The most  common   presentation is anemia, which is often accompanied by rectal 
bleeding. Other signs and symptoms may also include abdominal pain, diarrhea, 
prolapse of a rectal polyp, and intussusception [ 19 ,  20 ]. The most frequent associ-
ated anomalies include macrocephaly, mental retardation, Meckel’s diverticulum, 
malrotation, pulmonary arteriovenous malformations (AVMs), telangiectasias, 
atrial and ventricular septal defects, pulmonic stenosis, and cryptorchidism [ 21 ,  22 ]. 
The diagnosis of JP is made based on the clinical criteria initially proposed by 
Sachatello et al. [ 23 ], with the number of polyps later reduced from 10 to 5 by Jass 
and colleagues [ 24 ]. These criteria for JP require

    1.    At least 5 juvenile  polyps   within the colorectum; or   
   2.    Juvenile polyps in both the upper and lower GI tract; or   
   3.    Any number of juvenile polyps in a patient with a family history of JP    

  After one of  these   conditions is satisfi ed, JP patients can be further subclassifi ed 
into Juvenile Polyposis Coli (where patients have only colorectal polyps), general-
ized Juvenile Polyposis (where patients have polyps in both the upper and lower GI 
tract), and JP of infancy. These fi rst two usually present with rectal bleeding, pro-
lapse, anemia, diarrhea, or abdominal pain within the fi rst two decades of life [ 25 , 
 26 ]. The latter condition is uncommon, but has an earlier and more severe presenta-
tion, including protein losing enteropathy, anemia, anasarca, bloody diarrhea, fail-
ure to thrive, and often death before age 1 [ 23 ,  27 ,  28 ]. 

 Other conditions  that   may present in a similar fashion include the PTEN 
Hamartoma Tumor syndromes of Bannayan–Riley–Ruvalcaba syndrome (BRRS) 
and Cowden syndrome (CS). Polyps in patients with these conditions are histologi-
cally indistinguishable, but these syndromes can be differentiated by genetic testing 
and other characteristic phenotypic features. Patients with BRRS may have macro-
cephaly, developmental delay, prominent corneal nerves, lipid myopathy, lipomas, 
genital pigmentation, and angiolipomas [ 29 ]. Patients with CS have facial trichilem-
momas, acral keratoses, papules, breast cancer,    fi brocystic disease of the breast, 
benign or malignant thyroid lesions, mental retardation, lipomas, or fi bromas [ 30 ].  

    Genetics 

 The  autosomal   dominant inheritance pattern for JP was fi rst revealed in the 1966 
publication of three affected members in three generations by Smilow et al. [ 10 ]. 
Approximately 75 % of patients with JP have a family history, and the remainder 
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have de novo mutations leading to JP [ 31 ]. Clues to the genes predisposing to JP 
remained elusive until the late 1990s. In 1997, Jacoby described a patient with fea-
tures of JP and macrocephaly, who had a deletion of chromosome 10q22 [ 32 ]. 
Olschwang et al. then reported three patients with germline  PTEN  mutations (which 
maps to 10q22) thought to have JP [ 33 ], but further scrutiny suggested that these 
patients might actually have had CS rather than JP [ 34 ]. Additional studies examin-
ing JP patients for germline   PTEN  mutations   were negative, confi rming the idea that 
 PTEN  was not the JP gene [ 35 ,  36 ]. 

    SMAD4 

 It was in 1998 that  the   fi rst hard evidence for the location of a JP gene was estab-
lished. Howe et al. studied 43 members (including 13 affected) of the family origi-
nally reported by Stemper et al. [ 11 ], and established genetic linkage with 6 
markers from chromosome 18q21, with a maximum lod score of 5.00 with 
 D18S1099  (at  θ  = 0.001). Critical recombinants placed the JP gene within a 11 cM 
region between  D18S118  and  D18S487  [ 37 ,  38 ]. Sequencing of candidate genes 
from this region revealed that all affected  members   of this kindred shared a frame-
shift mutation, a 4 base pair deletion in exon 9 of the  SMAD4  gene. In this report, 
5 of 9 total JP families tested were found to have germline  SMAD4  mutations [ 39 ]. 
This fi nding was soon confi rmed by several other investigators in additional JP 
families [ 40 – 42 ]. 

  SMAD4  was  originally   called  deleted in pancreatic cancer 4 ( DPC4 )  , because 
of the fact that it is inactivated in approximately 50 % of pancreatic adenocarci-
noma specimens [ 43 ].  DPC4  was later renamed  SMAD4  when it became clear 
that this was the common intracellular mediator of the transforming growth fac-
tor-beta (TGFβ) superfamily, which signals through  SMAD  genes [ 44 ,  45 ]. 
 SMAD4  is comprised of 11 coding exons, encoding a 552-amino acid cytoplas-
mic protein. Within the TGFβ, activin, bone morphogenetic protein (BMP), and 
inhibin pathways, the function of SMAD4 is to bind to SMAD proteins phos-
phorylated by the type 1 receptor, after it has been phosphorylated by the type 2 
receptor following ligand binding.  SMAD4   binds to co-SMADs 1, 5, and 8 in the 
BMP pathway, and with co-SMADs 2 and 3 in the TGFβ pathway. The complex 
of SMAD4 and these co- SMADs then migrates to the nucleus, where it recruits 
a DNA-binding protein, and then binds directly to specifi c promoters to regulate 
transcription (Fig.  6.4 ).

   In a 2009 paper by Calva et al., 77 of 357 JP probands (21.6 %) were found to 
have germline  SMAD4  mutations by sequencing.    Of these mutations, 78 % were 
within exons 8–11 (encoding for the mad homology 2 domain), 17 % within exons 
3–7, and 5 % in exons 1 and 2 (Fig.  6.5 ) [ 46 ]. A smaller percentage of JP patients 
have been found to have deletions of  SMAD4 , which have been identifi ed using the 
mixed ligation-dependent probe amplifi cation assay (MLPA) [ 47 ,  48 ].  Combining 
  the largest studies using this technique, 7 of 128 (7 %) of JP probands were found 
to have  SMAD4  deletions [ 31 ].
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       BMPR1A 

 After it became apparent that only 20 % of JP families had  germline   changes in 
 SMAD4 , it seemed likely that there must be other JP genes. In 2001, Howe et al. 
found a suggestion of a second JP locus in four unrelated JP families, with a lod 
score of 2.33 at  θ  = 0.10 with the marker  D10S573 . This was in the vicinity of the 
 PTEN  gene on chromosome 10q22-23, but these families had already been 
sequenced for  PTEN  and found to not have mutations. Another gene involved in the 
TGFβ superfamily was found to map to this general region, and  they   identifi ed 2 
polymorphic simple tandem repeat markers 49 and 76 kb upstream from this gene. 
When these markers were tested in these four families, the maximum lod scores 
were 4.17 and 4.74 at θ = 0, proving linkage at this locus. Sequencing in these fami-
lies revealed that all affected members had germline mutations of  BMPR1A , which 
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were frameshift in two families and nonsense mutations in the two others [ 49 ]. This 
fi nding was confi rmed in other JP families shortly thereafter [ 50 ,  51 ].  BMPR1A  
encodes for the type I receptor in the BMP pathway, and  is   comprised of 11 coding 
exons. This receptor is a 532-amino acid transmembrane protein that associates 
with and is phosphorylated by the type II receptor (BMPR2) after it binds to extra-
cellular BMP ligands. BMPR1A then phosphorylates co-SMADs 1, 5, and 8, which 
form oligomers that bind to intracellular SMAD4. This complex then migrates to 
the nucleus, recruits DNA-binding proteins, then binds directly to promoters to acti-
vate transcription (Fig.  6.4 ) [ 31 ,  37 ]. 

 Calva et al. found that 62 of 336 JP probands (18.5 %) had  germline    BMPR1A  
mutations by sequencing. Of these mutations, 52 % were within the intracellular 
protein kinase domain (exons 7–11), and 31 % in the Mad homology I domain 
(exons 2–4). No mutations have been described within the transmembrane region 
of the receptor, and the mutations seen in  BMPR1A  are more uniformly spread out 
and more likely to be unique than seen with  SMAD4  mutations in JP patients (Fig. 
 6.6 ) [ 46 ]. A small percentage of JP patients have been found to have larger dele-
tions of  BMPR1A  by MLPA, affecting 8 of 128 probands tested (6.3 %) [ 31 ,  47 , 
 48 ]. Another small group of JP patients have been  found   with mutations in the 
promoter of  BMPR1A , including one family with ten affected individuals all shar-
ing a 12,433 bp deletion lying 119 kb upstream from the coding region, deleting a 
non-coding exon and a promoter. This paper reported fi ve unrelated probands with 
deletion or missense mutations of the  BMPR1A  promoter which led to reduced 
luciferase activity in in vitro promoter constructs [ 52 ]. One study recreating JP 
patient  BMPR1A  missense mutations in a cell line demonstrated that the protein 
was held up intracellularly  and   did not effi ciently translocate to the cell mem-
brane, suggesting one potential mechanism through which BMP signaling may be 
reduced [ 53 ].

        Other JP Genes 

 Sweet et al. reported that 2 of 14 JP patients that did not have either  SMAD4  or 
 BMPR1A  germline mutations  had   changes in the  endoglin (ENG) gene  , one of the 
genes responsible for hemorrhagic hereditary telangiectasia (HHT); neither of these 
two probands had signs of HHT [ 54 ]. Howe et al., by sequencing  ENG , found sub-
stitutions in  ENG  in 6 of 31 JP probands (without  SMAD4  or  BMPR1A  mutations), 
but these substitutions were also found in control patients, and this study concluded 
that it was not clear whether  ENG  was a predisposing gene for JP [ 55 ]. No confi r-
matory studies have been published since these reports to confi rm that  ENG  really 
is a gene predisposing to JP. 

 The confusion surrounding whether   PTEN    is a JP gene was discussed earlier, and 
patients with juvenile polyps and germline  PTEN  mutations are likely to have CS or 
BRRS rather than JP. However, some patients with JP have been described that have 
contiguous deletions of both  PTEN  and  BMPR1A , which lie within 1.1 Mb of one 
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another on chromosome 10q22-23. Delnatte et al. described four patients with 
 deletions of both these genes, all of who had presentation at an early age, upper and 
lower GI juvenile polyps, and macrocephaly, suggestive of JP of infancy [ 56 ]. 
Salviati et al. described a JP patient with deletion of both genes, presenting at age 3 
with mild dysmorphic features, but not macrocephaly [ 57 ]. Menko et al. described 
four additional cases, in which all patients had macrocephaly and dysmorphic 

  Fig. 6.6    Distribution of mutations in  BMPR1A . The  rectangle  above represents the coding exons 
of the gene, with nucleotides at each exon boundary shown underneath. The  rectangle  below rep-
resents the protein, with corresponding nucleotide numbers listed above and below domain bound-
aries. Mutations listed above the exons are those described in the present study, and those below 
the exons are from the literature (Figure originally from  Clinical Genetics ) [ 46 ]       
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 features [ 58 ]. The effect  of    contiguous deletion of these two genes is not entirely 
clear, but appears to result in a more severe phenotype, combining some features of 
BRRS with those of JP, and sometimes with JP of infancy [ 59 ].  

    Genotype–Phenotype Correlations 

 Patients with mutations of  SMAD4  are more likely to have gastric  polyposis   than 
patients with  BMPR1A  mutations [ 48 ,  51 ,  60 ,  61 ]. In 2007, Aretz et al. found that 
72 % of patients who had upper endoscopy results and a  SMAD4  mutation were 
found to have gastric polyps while only 8 % of patients with  BMPR1A  mutations 
that had upper endoscopy were found to have polyps. On average, gastric polyps 
were found much later in life with a median age of 41 years at the time of discovery 
[ 48 ]. Sayed et al. showed that JP patients with germline  SMAD4  mutations had a 
higher rate of positive family history of UGI polyps than those with  BMPR1A  muta-
tions (86 % vs. 10 %,  p  < 0.01) [ 60 ]. Juvenile polyps from patients with  SMAD4  
germline mutations generally have a more proliferative epithelium and decreased 
stroma when compared to polyps from patients with  BMPR1A  germline mutations 
[ 62 ]. Handra-Luca et al. found  that   patients with germline  SMAD4  mutations had 
more low-grade adenomas than those with  BMPR1A  mutations, and that only 
patients with  SMAD4  mutations had high-grade dysplasia or  carcinomas   within 
their polyps [ 61 ].  

    Combined JP and HHT 

 In the early 1980s, Cox et al. and Conte et al. described individuals with JP that 
also had pulmonary AVMs, telangiectasias, and digital clubbing [ 63 ,  64 ]. In 1999, 
 Inoue   described a teenage girl who presented with nosebleeds beginning at age 6 
and rectal bleeding at age 14. Work-up revealed 30 colonic juvenile polyps, and 
features of HHT (telangiectasias of the skin, a dilated hepatic artery, and pulmonary 
AVMs) [ 65 ]. 

 Gallione et al. studied 14 individuals from 7 families with combined  JP   and 
HHT, none of whom had mutations of the two known HHT genes,  ENG  or the 
activin receptor type I ( ACVR1 ). All of the patients were found to have germline 
 SMAD4  mutations, three of which were de novo [ 66 ]. Gallione et al. later tested 30 
unselected patients with HHT who did not have  ENG  or  ACVR1  mutations and 
found that 3 had  SMAD4  mutations and endoscopic evidence of JP [ 67 ]. The fre-
quency of HHT in JP patients with known  SMAD4  mutations has been reported to 
be between 15 % and 22 % [ 48 ,  66 ]. The majority of the  SMAD4  mutations resulting 
in this combined syndrome are within the MH2 domain of the gene involving exons 
8–11 [ 66 ]. Mutations at other sites within the  gene   have been described but are less 
common [ 68 ]. The phenotypic presentation of combined JP/HHT due to  SMAD4  
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mutations is variable, but includes multiple juvenile polyps, mucocutaneous telan-
giectasias, pulmonary AVMs, hepatic AVMs, cerebral AVMs, GI AVMs, and epi-
staxis [ 37 ]. O’Malley et al. analyzed 21 individuals with JP/HHT and found epistaxis 
in 71 %, pulmonary AVMs in 81 %, visceral AVMs in 86 %, and telangiectasias in 
57 % of patients [ 69 ]. Wain et al. found that 76 % of JP patients with  SMAD4  
 mutations had  some   feature of HHT [ 70 ]. Based upon the results of this study, com-
bined JP and HHT appears to be much more common than originally thought, and 
screening for HHT should be strongly considered in any JP patient found with 
germline  SMAD4  mutation.  

    The Malignant Potential of Juvenile Polyps 

 When JP was fi rst described, most people felt that since these polyps  were   hamarto-
matous, that they had no malignant potential. This continued despite several exam-
ples of patients having both JP and GI cancers, and even the publication of the large 
Iowa kindred in 1975 with 11 individuals with GI cancer was careful not to stress 
the connection between juvenile polyps and GI cancer [ 11 ]. Further histologic 
investigation of 1032 polyps from 80 JP patients by Jass et al. revealed that 840 
were typical juvenile polyps, 169 were multilobulated or villous polyps, 21 were 
adenomas, and 2 hyperplastic polyps. A total of 9 % of the juvenile polyps harbored 
dysplastic changes while 47 % of the villous polyps had dysplasia. They estimated 
the risk  of   developing colorectal cancer to be greater than 50 % for patients with JP, 
with a mean age of onset of colorectal cancer at 34 years of age [ 24 ]. Giardiello and 
colleagues found that only 4 % of patients with 1–2 juvenile polyps and no family 
history of JP had adenomas or adenocarcinoma, versus 29 % of those with  > 3 pol-
yps or a family history of JP. The mean age at diagnosis of neoplasia was 37 years 
old for the JP patients within this study [ 71 ]. 

 Further evidence that carcinoma may develop from juvenile  polyps   has been 
provided by several case reports. In 1978, Liu et al. described a 16 years old with 
an adenocarcinoma arising from within a juvenile polyp [ 12 ]. In 1979, Goodman 
et al. described a case of a 23-year-old woman with multiple upper and lower GI 
juvenile polyps who underwent proctocolectomy and antrectomy. Several different 
kinds of polyps were seen, including small hyperplastic polyps, typical juvenile 
polyps, juvenile polyps with adenomatous epithelium, and adenomas. There was a 
rectal adenocarcinoma among the polyps, and the  authors   suggested that there was 
likely a progression from hyperplastic to adenomatous change in JP that eventually 
leads to adenocarcinoma [ 13 ]. In support of this, Jarvinen and Fransilla reported 2 
JP patients with severe dysplastic change in juvenile polyps [ 14 ] and Ramaswamy 
et al. described a 19 years old with generalized JP and dysplastic changes with 
carcinoma in situ [ 15 ]. Jones et al. described a case of an intramucosal carcinoma 
arising within a typical juvenile polyp in a patient without JP, suggesting that cancer 
can arise in these lesions, albeit very rarely [ 72 ]. Longo et al. reported a case of a 
patient with generalized JP and osteoarthropathy who had a subtotal colectomy at 
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age 6, and then a proctectomy and Swenson pull- through   at age 12 (leaving 2 cm of 
rectum). At age 17, he developed a large tubulovillous adenoma in the rectal rem-
nant which was removed, then 2 years later underwent completion proctectomy for 
what proved to be a poorly differentiated adenocarcinoma arising within a juvenile 
polyp [ 73 ]. 

  Coburn   studied 218 JP patients and found that the mean age of diagnosis was 
18.5 years for JP and 35.5 years for GI cancer. A total of 36 patients (17 %) devel-
oped GI cancer, 34 of the colorectum, 1 gastric, and 1 duodenal [ 74 ]. Howe et al. 
found that within the Iowa JP kindred, that 16/29 affected members (55 %) devel-
oped GI cancers, including 11 (38 %) with colorectal cancer, and 6 (21 %) with 
upper GI cancers (4 gastric, 1 pancreatic, 1 duodenal). The median age at presenta-
tion or diagnosis of JP was 32.7 years (range 6.0–68.2 years), and the median age of 
colorectal cancer was 42.0 years (the youngest was 17.4 years old) and 57.6 years 
for upper GI cancers (the youngest was 20.5 years old) [ 75 ]. Brosens et al. studied 
84  patients   from 44 families and found 8 with colorectal cancer (mean age of 43.9 
years) and calculated the lifetime colorectal cancer risk to be 38 % (and a 34-fold 
increased relative risk compared to the normal population). They had no cases of 
upper GI cancer in their cohort [ 76 ]. 

 The process by which juvenile polyps undergo transformation to malignant pol-
yps has not been thoroughly established,    although the development of adenomatous 
elements and later adenocarcinoma as suggested by Goodman et al. seems most 
plausible [ 13 ]. The specifi c mechanisms of how germline mutations in  SMAD4  or 
 BMPR1A  lead to polyps and cancer continue to be a matter of speculation. One the-
ory, the landscaper hypothesis, postulates that stromal changes lead to cancer in the 
overlying epithelium. This is based upon the observation that the majority of histo-
logic changes within juvenile polyps are found within the stroma, which might then 
create an abnormal landscape, and aberrant signaling (presumably in the BMP or 
TGFβ pathway) in this layer leads to neoplastic change within the adjacent epithe-
lium [ 77 ]. Another  possibility   is a tumor suppressor model, where germline mutation 
of one copy followed by somatic loss of the other within epithelial cells leads to 
cancer [ 78 ,  79 ]. Although neither of these models has been defi nitively proven, both 
should be considered useful paradigms of how polyps may transform into cancers.  

    Management 

 Patients presenting with symptoms of JP, including rectal bleeding,    changes in 
stool, abdominal pain, and intussusception should be worked up with a thorough 
history and physical. If colonoscopic evaluation yields fi ndings consistent with a 
possible diagnosis of JP (see diagnostic criteria) then follow-up should be per-
formed as described below. In addition, individuals who are fi rst-degree relatives of 
those with JP should also be worked up. 

 Individuals from a JP family with a known mutation in either  SMAD4  or  BMPR1A  
should undergo genetic testing within the fi rst 5 years of life [ 31 ]. If the results of 
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 the   genetic test are negative, then the patient does not need enhanced surveillance 
and may follow the same recommendations for colorectal cancer screening as the 
normal population. Patients who are found to have a mutation should follow the 
same screening regimen recommended for all JP patients. This includes  colonoscopy 
and upper endoscopy beginning either at age 15 or earlier if symptoms develop 
(such as anemia, bleeding, and abdominal pain). If an individual is found to have 
polyps, the gastroenterologist or surgeon should attempt to remove them colono-
scopically. If polyps are found, then repeat screening in 1 year is recommended, 
unless the polyps cannot be cleared. If  no   polyps are found, then colonoscopy and 
upper endoscopy can be extended out to every 3 years. If no mutation has been 
found within a family with JP, but a patient is at risk by virtue of having an affected 
fi rst-degree relative, then this person should undergo the same surveillance as rec-
ommended for someone with a known mutation above (Fig.  6.7 ) [ 80 ].

   When polyps are found, the management has been evolving. The early recom-
mendations from Sachatello et al. were for polypectomy or fulguration with resec-
tion of the affected bowel outside the rectum [ 28 ]. Grosfi eld et al. were  more 

  Fig. 6.7    Recommended screening algorithm for patients at risk for JP. This screening guideline is 
recommended for anyone who meets the criteria for JP or who otherwise has a family history of JP 
with unknown polyp status.  CBC  complete blood count (Figure originally from  Surgery ) [ 79 ]       
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  aggressive and recommended subtotal colectomy with ileorectal anastomosis (IRA) 
for patients with anemia from chronic rectal bleeding, hypoproteinemia resulting in 
failure to thrive, and recurrent intussusceptions [ 81 ]. These indications were 
expanded to all JP patients by Jarvinen et al. in 1993 when they recommended 
 prophylactic colectomy with IRA for patients with JP in their early 20s, in order to 
reduce the risk of colorectal cancer [ 82 ]. Oncel et al. compared their results of per-
forming subtotal colectomy with IRA with total proctocolectomy and ileoanal 
pouch (IPAA) in JP patients.    The functional results were better with IRA, and 
although 4 of 7 IRA patients eventually underwent completion proctectomy, the 
authors concluded that both procedures were reasonable options [ 83 ]. Howe et al. 
supported the use of subtotal colectomy with IRA in severe cases (100 or more 
polyps, signifi cant anemia, dysplasia), but recommended aggressive colonoscopic 
polypectomy as initial treatment for colorectal polyps in JP patients. In those having 
resection and IRA, screening would include fl exible sigmoidoscopy and upper 
endoscopy every 3 years [ 75 ]. Patients who have colonoscopic polypectomy should 
be screened yearly until polyp free, and then every 3 years thereafter. 

 The treatment  of   gastric polyps is more technically diffi cult due to their sessile 
nature and the fact that polyps are more diffuse and without well-defi ned stalks. If 
signifi cant anemia develops, or polyps develop dysplastic changes, then subtotal or 
total gastrectomy is recommended. As described earlier,    patients with  SMAD4  
mutations are at increased risk and may need more frequent screening than patients 
with  BMPR1A  or unknown mutations.  

    Summary 

 Our understanding of JP has come a long way over the past 2 decades. It has been 
recognized that despite the fact that patients have hamartomatous polyps, they are at 
signifi cant risk for colorectal and upper GI malignancies. Two predisposing genes 
have been clearly identifi ed which cause JP, and there are likely others since these 
only explain roughly one-half of cases. Understanding the genetics of JP has helped 
clarify and allowed separation from other hamartomatous polyposis syndromes, and 
suggested potential mechanisms by which cancers may develop in these patients. 
Screening algorithms have been suggested for JP based upon the age of onset of 
cancers and symptoms, and taking into account the results of genetic testing.     
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    Chapter 7   
 PTEN Hamartoma Tumor Syndrome                     

       Jessica     L.     Mester     

          Introduction and Overview 

 PTEN Hamartoma Tumor syndrome (PHTS, OMIM +601728) includes individu-
als with diverse clinical diagnoses, most commonly Cowden syndrome (CS, 
OMIM #158350) or Bannayan–Riley–Ruvalcaba syndrome (BRRS, OMIM 
#153480), found to have germline mutation of the  PTEN  tumor suppressor gene. 
 PTEN  was fi rst described as a tumor suppressor through studies identifying loss of 
heterozygosity and somatic mutations in glioma, prostate, breast, kidney, and 
endometrial tumors and cell lines [ 1 – 4 ].  PTEN  acts as a dual-specifi city phospha-
tase that interacts with both lipid and protein substrates [ 5 ,  6 ]. Its canonical func-
tion is to inhibit the AKT/mTOR pathway, and it also has an inhibitory role in the 
MAPK pathway. When  PTEN  is not functioning properly, these pathways become 
upregulated, leading to tumorigenesis through prolonged cell survival and enhanced 
cell migration [ 7 – 9 ]. 

 At approximately the same time its tumor suppressor role was elucidated, link-
age studies led to the identifi cation of  PTEN  as the causative gene for CS, and 
germline mutations were identifi ed in affected families [ 10 ,  11 ]. Given its clinical 
overlap as another hamartomatous polyposis syndrome,  PTEN  was interrogated in 
individuals with BRRS and mutations were identifi ed, some of which had been 
observed in CS kindreds [ 12 ,  13 ]. The features which typifi ed CS tended to occur in 
adulthood and more often in women, and the opposite was true  in   BRRS (Table  7.1 ), 
leading to gender- and age-related biases in clinical diagnosis [ 14 ]. Thus PHTS is 
currently used as the unifying diagnostic term for any person with a germline  PTEN  
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mutation and therefore the same risk assessment and management guidelines apply 
to any patients with PHTS regardless of clinical presentation.

   Several individuals with other seemingly separate phenotypes—Lhermitte–Duclos 
disease and macrocephaly plus autism—have also been identifi ed as having germline 
 PTEN  mutations, further expanding the phenotypic spectrum of PHTS [ 15 – 19 ].  

    Cancer Risks, Other Syndrome Features, and Management 
Recommendations 

 When fi rst described, CS was considered primarily to be a dermatologic disease, 
and as more affected individuals were identifi ed and described in the literature, 
associations  with   cancer risks and other phenotypes began to be recognized. The 
characteristics of PHTS can now be grouped into three main categories—malignancies, 
benign neoplasias, and neurodevelopmental features. As previewed in Table  7.1 , 
many of the organs susceptible to benign neoplasia in PHTS are those in which risk 

     Table 7.1    Features of PTEN Hamartoma Tumor syndrome by age of onset and 
gender-specifi city   

 Affected gender  Typical age of onset 

 Female  Male  Pediatric  Adult 
 Malignancies 
   Breast cancer  ✓  Rare  ✓ 
   Thyroid cancer  ✓  ✓  Rare  ✓ 
   Renal cancer  ✓  ✓  ✓ 
   Endometrial cancer  ✓  ✓ 
   Colorectal cancer  ✓  ✓  ✓ 
   Melanoma  ✓  ✓  ✓ 
 Benign Neoplasias 
   Vascular malformations/hemangiomas  ✓  ✓  ✓ 
   Lhermitte–Duclos disease  ✓  ✓  ✓ 
   Gastrointestinal polyposis  ✓  ✓  Rare  ✓ 
   Oral papillomatosis  ✓  ✓  ✓  ✓ 
   Palmoplantar keratosis  ✓  ✓  ✓ 
   Trichilemmomas  ✓  ✓  ✓ 
   Lipomas  ✓  ✓  ✓  ✓ 
   Fibromas  ✓  ✓  ✓ 
   Freckling of the glans penis  ✓  ✓ 
   Benign breast lesions  ✓  Rare  Rare  ✓ 
   Thyroid goiter/nodules/Hashimoto’s thyroiditis  ✓  ✓  ✓  ✓ 
   Other genitourinary tumors  ✓  ✓  ✓  ✓ 
 Neurologic 
   Macrocephaly  ✓  ✓  ✓ 
   Autism/developmental delay  ✓  ✓  ✓ 
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for malignancy is also increased. Thus we will fi rst focus on reviewing the overall 
cancer risks in PHTS, and then discuss management recommendations which apply 
to both malignant and non-malignant fi ndings together. 

    Cancer Risks in PHTS 

 In patients with germline  PTEN  mutations and thus PHTS, three studies to date have 
examined risks for malignancy (Table  7.2 ) [ 20 – 22 ]. Interestingly, some of the com-
ponent cancers with the highest lifetime risks—breast, endometrial, and renal—
were among the fi rst to be commonly associated with somatic PTEN loss or 
alterations. To date, strong genotype–phenotype correlations have not been eluci-
dated [ 22 ], and signifi cant intrafamilial variability as well as overlapping mutation 
spectra have been observed [ 14 ]. These fi ndings reinforce the need for every indi-
vidual with PHTS to be offered high-risk management options for all associated 
cancers regardless of mutation type, family history, or clinical presentation.

   Diverse other  malignancies   have been described in isolated case reports of indi-
viduals with PHTS, but none at a frequency requiring investigation into lifetime risk 
for that cancer type or addition to screening recommendations.  

    System-Based Management of PHTS 

  Breast     With risk estimates for breast cancer ranging from 67 % to 85 %, overlap-
ping with the risk quoted to women with Hereditary Breast and Ovarian Cancer 
syndrome (caused by mutation of the  BRCA1  or  BRCA2  genes), it makes sense for 
women with PHTS to be offered similar screening and management options.    Both 

   Table 7.2    Results from studies analyzing lifetime cancer risks in patients with PHTS [ 20 – 22 ]   

 Tan et al. [ 23 ] 
( N  = 368) 

 Bubien et al. [ 20 ] 
( N  = 146) 

 Nieuwenhuis et al. [ 21 ] 
( N  = 180) 

 Median age of dataset (years)  39  36  32 
 Lifetime cancer risks a  
   Female breast  85 %  77 %  67 % 
   Thyroid  35 %  38 %  Women: 25 % 

 Men: 6 % 
   Renal  34 %  Elevated in women  Women: 9 % 

 Men: 2 % 
   Endometrial  28 %  Elevated  21 % 
   Colorectal  9 %  Elevated in men  Women: 17 % 

 Men: 20 % 
   Melanoma  6 %  Elevated  Men: 2 % 

   a Lifetime risks calculated to age 70 by Tan and Bubien; to age 60 by Nieuwenhuis  
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 the   National Comprehensive Cancer Network (NCCN) and PHTS experts recom-
mend imaging surveillance begin by age 30, and that this should include both mam-
mography and MRI [ 22 ,  24 ]. Some women with PHTS have a striking degree of 
benign breast lesions, leading to diffi cult radiologic interpretation and need for mul-
tiple call-backs and biopsies [ 25 – 27 ]. For these reasons, some women may wish to 
consider prophylactic mastectomy, which within the Hereditary Breast and Ovarian 
Cancer syndrome population has been shown to reduce breast cancer risk by 90 % 
[ 28 ]. Women with PHTS who have already had one breast cancer diagnosis are at 
29 % risk for another primary breast cancer within the next 10 years [ 29 ]; this rein-
forces a need for continued high-risk surveillance following a fi rst breast cancer 
diagnosis and for mastectomy and contralateral prophylactic mastectomy to be 
offered as surgical options.  

  Thyroid     By early adolescence, most individuals with PHTS have some form  of 
  thyroid disease, presenting with multiple nodules, Hashimoto’s thyroiditis, or a 
combination of the two [ 30 ]. Among those cancers seen most often in PHTS, thy-
roid cancer has the earliest age of onset, and several diagnoses in the pediatric popu-
lation have been reported, the youngest being at age 6 [ 31 ,  32 ]. Given that risk for 
thyroid cancer begins to elevate in childhood and that ultrasound is a no-risk screen-
ing option, both syndrome experts and the NCCN recommend all patients begin 
routine thyroid ultrasound at the age of diagnosis, with follow-up on a yearly basis 
if normal [ 22 ,  24 ]. If surgery becomes necessary—either due to positive FNA or if 
compressive symptoms occur—total thyroidectomy is recommended, even if only 
one side of the thyroid appears affected, due to the high likelihood for additional 
disease and need  for   future surgery. Prophylactic thyroidectomy has also been pro-
posed as an option for patients with autism or other cognitive defects who will not 
tolerate thyroid ultrasound without sedation [ 30 ].  

  Endometrial     While most endometrial cancer diagnoses in PHTS have occurred 
after the age when most women have  completed   childbearing, earlier diagnoses 
have been reported, with one case report describing a diagnosis at age 14 [ 33 ]. 
Prophylactic hysterectomy can be considered as a surgical option. Ovarian cancer 
has not been over-reported in women with PHTS, implicating that simultaneous 
oophorectomy need not be performed, helping these women avoid the morbidity 
incurred by surgically induced menopause. Both NCCN and syndrome experts also 
give blind endometrial biopsy and ultrasound surveillance as screening options to 
begin at age 30–35, but it bears recognition that these screening  modalities   have not 
been proven in PHTS or other syndromes causing high endometrial cancer risk to 
reduce morbidity or mortality [ 22 ,  24 ].  

  Renal     While small patient series and case reports described occasional patients 
with CS or PHTS  and   renal cancer, it was not until the recent studies analyzing 
lifetime cancer risks in individuals with PHTS that a true syndrome-associated risk 
was appreciated. On review by a dedicated genitourinary pathologist, most of the 
renal cancers in patients with PHTS are either papillary or chromophobe in nature, 
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and PTEN protein expression is absent in papillary tumors, indicating a possible 
future role for immunohistochemistry screening similar to that performed in Lynch 
syndrome [ 34 ]. While bilateral tumors have been reported, metastatic disease has 
not. Both syndrome experts and NCCN recommend imaging surveillance begin at 
age 40 with repeat every 1–2 years [ 22 ,  24 ]. While ultrasound will likely detect 
most tumors, CT may be considered given its enhanced ability to  detect   smaller 
papillary lesions [ 35 ]. With individuals with PHTS being at risk for multiple pri-
mary tumors, identifying lesions when small enough to permit nephron-sparing sur-
gery may reduce need for renal dialysis secondary to nephrectomies if bilateral 
tumors occur.  

  Gastrointestinal     While risk for colorectal cancer is not as high as the other cancer 
types seen in PHTS,    gastrointestinal polyposis is a common occurrence. In series of 
individuals with PHTS who had undergone endoscopy, 80–93 % had polyps [ 36 –
 38 ]. The number and type of polyps vary dramatically among affected individuals. 
While some have only a few hyperplastic polyps, others have thousands of polyps 
of diverse histologies including multiple adenomas. Hamartomatous polyps were 
the histologic subtype fi rst associated with CS, BRRS, and PHTS, and are second in 
frequency to hyperplastic polyps in the series of patients cited above, followed by 
ganglioneuromas, adenomas, infl ammatory, and juvenile polyps. Upper endoscopy 
frequently reveals polyps as well, most often hyperplastic and hamartomatous, and 
may also identify glycogenic acanthosis.  

 Both NCCN and syndrome experts recommend fi rst colonoscopy to occur at age 
35–40 with frequency no less than every 5 years and follow-up interval determined 
by the number and type of polyps identifi ed [ 22 ,  24 ]. At this time, prophylactic 
colectomy is not routine and does not appear warranted for the average patient. It 
could  be   considered for the patient having several adenomas on subsequent scopes, 
with such a large number of other polyps that there is concern adenomas will be 
missed among the fi eld of hamartomatous, hyperplastic, and other polyp types. 

 PTEN is adjacent to BMPR1A, one of the genes causing Juvenile Polyposis 
syndrome (JPS), and patients with chromosome deletions including both genes have 
been reported [ 39 ,  40 ]. With these individuals having absence of both the PTEN and 
BMPR1A genes, they are at risk to develop the cancers and other features associ-
ated with both PHTS and JPS, and should be managed accordingly. 

  Dermatologic     A slight increase in risk for melanoma (6 % compared to 2 % in the 
general population) has also been reported for patients with PTEN mutations [ 22 ]. 
 Yearly   dermatologic examination is recommended for this purpose and can also 
prove useful in monitoring the many benign skin lesions characteristic of PHTS 
(summarized in Table  7.1 ), most of which increase in number and type as an indi-
vidual progresses through adulthood. Fortunately these lesions are not at high risk 
to undergo malignant transformation and should not require removal unless they are 
painful or bothersome to the patient or appear to be undergoing rapid growth [ 41 ]. 
Biopsy of skin lesions can be helpful when histologic confi rmation is needed to help 
clinicians decide whether to refer the patients for genetics evaluation and can help 
genetics providers understand whether  PTEN  gene testing is appropriate.  
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 Hemangiomas requiring surgical intervention have been described in series of 
patients with PHTS [ 42 ,  43 ]. The unique pathologic nature of these lesions has 
recently been elucidated. As opposed to solely involving vascular tissue, in persons 
with PHTS lipomatous and muscular tissues are also involved in a disorganized 
growth pattern, giving rise to the moniker PTEN-related Hamartoma of Soft Tissue 
(PHOST) as an appropriate descriptor [ 44 ]. Unfortunately  some   patients develop 
multiple troublesome PHOSTs which have not responded well to surgical manage-
ment via resection or embolization and have tended to recur post-treatment [ 42 ]. 
PHOSTs affecting the limbs have caused some patients signifi cantly reduced mobil-
ity and troubles with daily living activities. 

  Neurologic      Macrocephaly   and developmental delay or autism spectrum disorders 
(ASD) are the fi ndings which prompt genetics referral for many children ultimately 
diagnosed with PHTS. Approximately 94 % of persons with PHTS have head circum-
ference which measures >2 standard deviations from the norm for age and gender. 
Average head circumference for children measures +4.89 standard deviations above 
the mean and for adult men and women measures 62.8 and 60.0 cm, respectively [ 45 ]. 
Case reports and small imaging series have found the enlarged head circumference in 
PHTS is owed to overgrowth of brain tissue as opposed to hydrocephalus [ 46 ,  47 ].  

 Within series of children with macrocephaly and autism, up to 17 % are found to 
have PHTS [ 19 ]. Ascertainment bias creates diffi culty when attempting to estimate 
the percent of individuals with PHTS and neurocognitive delay, as this can be a 
driving force behind genetics referral and syndrome recognition. Neurodevelopmental 
evaluation should be performed for children with PHTS so that any needed thera-
peutic interventions may begin as early as possible [ 22 ,  24 ]. In comparison with 
individuals with idiopathic ASDs, persons with PHTS and autism demonstrated 
reduced processing speed and working memory [ 48 ]. In older individuals with 
PHTS not selected for ASD phenotype and with normal IQ range, Busch et al. [ 49 ] 
found defi cits  in   motor function, executive function, and memory recall, suggesting 
an underlying issue with frontal lobe circuitry. 

 Lhermitte–Duclos disease, also known as dysplastic cerebellar gangliocytoma, is a 
rare benign brain tumor occurring in less than 10 % of individuals with PHTS [ 21 ]. 
Cerebrovascular malformations including dural arteriovenous fi stulas, cavernous hem-
angiomas, small developmental venous anomalies, and paraspinal  arteriovenous mal-
formations have been reported in individuals with PHTS and in some cases have been 
diffi cult to treat [ 43 ,  50 – 53 ]. While routine MRI imaging is not currently recommended, 
 symptoms   concerning for either of these issues (especially onset of seizure, unresolved/
worsening headache, or vertigo) warrant immediate attention and investigation.   

    Keys to Recognizing Individuals at Risk for PHTS 

 PHTS can be diffi cult to recognize due to the diverse presentations observed among 
affected individuals and the subtle nature of some presenting features. Additionally, 
detecting at-risk patients may require asking questions or checking for fi ndings such 
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as enlarged head circumference, that while easy to assess, are unlikely to be part of 
the offi ce visit routine. However, there are some characteristics which should raise 
 strong   clinical suspicion for PHTS given their rarity in the general population and 
are easily identifi able through  quick   pathology/history review or brief physical 
examination:

•    Lhermitte–Duclos disease (dysplastic cerebellar gangliocytoma)  
•   Extreme macrocephaly (children, +5 standard deviations above the mean or 

higher; adult women >60 cm, adult men >63 cm)  
•   Oral mucosal papillomatosis (Fig.  7.1 )
•      Penile freckling  
•    Hamartomatous   gastrointestinal polyps  
•   Pediatric non-medullary thyroid carcinoma    

 These fi ndings were among the highest-scoring components on the Cleveland 
Clinic PTEN Risk Calculation tool, which calculates a patient’s a priori  PTEN  
mutation risk [ 23 ]. This tool, freely available online at   http://www.lerner.ccf.org/
gmi/ccscore    , awarded a weighted score for each characteristic after comparing 

  Fig. 7.1    Papillomas of the gums ( top ) and tongue ( bottom ) in persons with PHTS       
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 age- related prevalence within mutation positive and negative research participants 
to expected community frequencies as derived from published literature and the 
Surveillance Epidemiology and End Results database.  The   calculation provides a 
percentage risk for PTEN mutation in adults and recommendation whether or not to 
pursue PTEN testing/genetics referral for both pediatric and adult patients. 

 The generic “red fl ags” for  cancer   genetics referral can also be useful in identify-
ing patients at risk for PHTS. These include

•    Early onset diagnosis for the cancer type  
•   Multiple primary tumors  
•   Multifocal/bilateral tumors  
•   Rare histologies  
•   Family history of similarly affected relatives    

 Additionally, any individual who reports a family member previously diagnosed 
with Cowden syndrome,    BRRS, PHTS, or any other hereditary cancer  predisposition 
syndrome should always be referred to cancer genetics for further evaluation and 
testing.  

    Inheritance, Genetic Testing, and Genetic Counseling 

 PHTS is inherited in an  autosomal   dominant manner. For conditions with this inher-
itance pattern, each child of an affected individual has a 50 % chance to inherit the 
mutation and thus share their parent’s disease predisposition. An individual’s  PTEN  
mutation might have been inherited from their parent or could have been a de novo 
occurrence, meaning that neither parent was affected, and the gene mutation 
occurred sporadically in either the sperm or egg cell or very early in embryonic 
development. In PHTS, the condition is estimated to occur in a de novo manner in 
10–44 % of cases [ 54 ], meaning that in most cases the mutation is shared by one of 
the individual’s  parents   and could have been present for several generations. 

 Disease-causing  PTEN  mutations have been identifi ed in all nine  PTEN  exons 
and include mutations causing gene truncation, a single amino acid change (mis-
sense mutation), or large deletion or duplication [ 55 ]. Genetic variants have also 
been identifi ed in the  PTEN  promoter region. Gene sequencing is the most com-
mon methodology employed by laboratories for mutation detection, but this tech-
nology cannot detect large deletions or duplications involving one or more exons. 
To detect these types of mutations a second methodology such as targeted microar-
ray or multiplex- ligation probe amplifi cation (MLPA) is required.    Care should be 
taken to select a laboratory whose test methodology would allow detection of all 
mutation types. 

 Analysis of the entire gene is needed to discover the location and exact sequence 
change involved for only the fi rst member of a family to undergo  PTEN  testing. 
After one family member’s mutation is identifi ed, it is possible for his or her rela-
tives to pursue targeted testing which only investigates the region of the gene where 
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the family member’s mutation was found. This  targeted   testing is highly accurate, 
less expensive than full gene analysis, tends to be well-covered by insurance carri-
ers, and provides family members with a direct “yes or no” answer regarding their 
mutation status. Family members found to share their relative’s mutation would 
then also be granted a PHTS diagnosis, and the same disease risk and management 
recommendations would also apply. If they are negative, their risks for PHTS- 
associated cancers and other complications would revert to that of any other person 
in the general population. 

 With thyroid cancer risk beginning to elevate during childhood for individuals 
with PHTS, predictive testing of children in a family with a known  PTEN  mutation 
is permitted, as opposed to conditions like Hereditary Breast and Ovarian Cancer 
syndrome, where management would not change until adulthood and testing is not 
offered until that time. The American Society of Clinical Oncology, American 
College of Gastroenterology, and other professional societies recommend genetic 
testing occur in the setting of both pre- and post-test genetic counseling [ 56 ,  57 ]. 
During pre-test counseling, the  genetic   counselor reviews the syndrome in question 
and helps the individual (or for children unable to consent themselves, their parents) 
understand whether the decision to pursue testing is the right one at this juncture of 
their life. The counselor also follows up to disclose results and if positive, explains 
the implications of these results for their care and helps guide them to appropriate 
subspecialists for needed management. 

 Receiving a diagnosis of PHTS or any other genetic condition can cause a strong 
emotional reaction in some individuals.    Genetic counselors are equipped to help 
their patients understand how to accept their new diagnosis and use this informa-
tion in a positive and empowering manner. After a genetic diagnosis is made, a 
genetic counselor will identify available support resources such as disease-specifi c 
support groups that the patient and their family may wish to connect with. Some 
individuals may have inaccurate preconceptions about risk for genetic discrimina-
tion. Genetic counselors are equipped to explain the risks and benefi ts of testing and 
protective laws such as  the   Genetic Information and Nondiscrimination Act, which 
makes it illegal for most employers and health insurance companies to discriminate 
against a person or treat them differently based on genetic testing or family history 
information (  http://www.genome.gov/Pages/PolicyEthics/GeneticDiscrimination/
GINAInfoDoc.pdf    ).  

    Summary and Resources 

 Early recognition of individuals at risk for PHTS and timely genetics referral has 
the potential to prevent cancer diagnoses and lessen disease morbidity and mortality 
for the affected patient as well as at-risk family members. Screening and manage-
ment guidelines have been developed to assist health care providers as they work to 
care for affected individuals in their practice. Partnering with a genetic counselor to 
ensure patients receive appropriate pre- and post-test counseling can ensure patients 
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make informed decisions regarding genetic testing and have access to a health care 
professional able to explain the results and implications for their care. The resources 
listed below may also be helpful to health care providers as well as individuals 
affected with PHTS. 

    PHTS Patient/Advocacy Groups 

  PTEN Hamartoma Tumor Syndrome Foundation :   www.ptenfoundation.org    . 501(c)3 
non-profi t organization developed to promote research for  and   awareness of PHTS 
and provide fi nancial assistance for research efforts and affected individuals. 

  PTEN World :   www.ptenworld.com    . Discussion forum-based resource providing 
support and connection to individuals with PHTS, their family members/loved ones, 
and health care providers. To protect privacy, membership and access granted fol-
lowing submission of application to group leadership. 

  PTEN Life :   www.ptenlife.com    . Posts recent news and research articles of interest 
to PHTS community. Also provides individuals an opportunity to share their or their 
affected child's story and pictures. 

  Facebook :   www.facebook.com    . Searches using the terms “PTEN,” “PHTS,” 
“Cowden syndrome,” or “BRRS” will identify multiple groups of interest.  

    Medical Resources/Research Studies 

  PTEN/Cowden Clinic :   www.clevelandclinic.org/ptenclinic    . Multi-disciplinary team 
through  the   Cleveland Clinic in Cleveland, OH. Provides care coordination for 
patients/families wishing to arrange medical visits with specialists knowledgeable 
about PHTS. 

  Natural History Study of Individuals with Autism and Germline Heterozygous 
PTEN Mutations :   https://clinicaltrials.gov/show/NCT02461446    . NIH-supported 
prospective observational cohort study with multiple recruitment sites across the 
USA. Purpose of study: to determine cross-sectional and longitudinal medical, 
behavioral, and cognitive differences between individuals with PHTS and ASD and 
other groups, as well as to identify cognitive, neural systems, and molecular bio-
markers specifi c ASD  in   individuals with PHTS. In addition, this study will be cre-
ating and maintaining a biorepository and linked phenotypic database for individuals 
with PHTS and ASD. 

  The PTEN Study :   www.lerner.ccf.org/gmi/research/pten    . Multi-faceted research 
study housed at the Cleveland Clinic. Combines clinical patient information with 
DNA, RNA, and protein studies of the PTEN gene and related pathways. Provides 
 PTEN  mutation analysis in a research laboratory setting and can forward results to 
clinical laboratories for targeted mutation confi rmation testing.  
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    Resources for Health Care Professionals 

  National Society of Genetic Counselors :   www.nsgc.org    . Contains searchable direc-
tory to assist in locating area genetic counselors. 

  National Cancer Institute Cancer Genetics Service Directory :   http://www.can-
cer.gov/about-cancer/causes-prevention/genetics/directory    . Searchable list  of   pro-
fessionals providing services related to cancer genetics.      
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    Chapter 8   
 Cronkhite–Canada Syndrome                     

       Thomas     G.     Cotter      ,     Badr     F.     Al     Bawardy      , and     Seth     Sweetser     

          Introduction 

    Background 

 Cronkhite–Canada syndrome (CCS) is a rare, noninherited condition, associated 
with high morbidity. It is characterized by gastrointestinal  infl ammatory   polyposis, 
alopecia, onychodystrophy, cutaneous hyperpigmentation, and diarrhea. The dis-
ease was fi rst described in 1955 by the American internist, Leonard Wolsey 
Cronkhite, and the American radiologist, Wilma Jeanne Canada, in the  New England 
Journal of Medicine  [ 1 ]. They described two cases of an unusual fatal syndrome 
consisting of generalized gastrointestinal polyps, cutaneous pigmentation, alopecia, 
and onychodystrophy. The term CCS was fi rst coined in 1966 by Jarnum and Jensen 
in describing two new observations in CCS patients: protein-losing enteropathy 
with electrolyte disturbances and the presence of non-adenomatous cystic polyps 
[ 2 ]. Since then, several case reports and a few small series have been published 
including the largest study by Goto on 100 Japanese cases of CCS in 1995 [ 3 ]. In 
this study, Goto divided the disease into fi ve groups according to the leading symp-
tom; type 1: diarrhea, type 2: dysgeusia, type 3: abnormal sensation in the mouth 
with thirst, type 4: abdominal symptoms other than diarrhea, and type 5: alopecia. 
At this time, about 450 cases of CCS have been described in the literature.  
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     Epidemiology   

  The estimated incidence of CCS is one per million according to the aforementioned 
study by Goto [ 3 ]. CCS occurs worldwide, however, 75 % of reports come from 
Japan, for an unknown reason. It is typically seen in adults between ages 31 and 80, 
with a mean age of onset of symptomatic disease of 60 years [ 3 ]. The youngest case 
reported was in a 17-year-old man [ 4 ]. There is a slight male predominance with a 
ratio of 3:2 [ 5 ].   

    Etiology and Risk Factors 

 The  etiology   of CCS is currently unknown. There is no strong evidence to suggest 
a familial predisposition. Evidence continues to emerge supporting an autoimmune 
basis. Infection is another theory suggested in the literature.  Mental and physical 
stress   have been confi rmed to be among the most important risk factors for this 
syndrome [ 3 ]. 

 CCS appears to be an infl ammatory condition and treatment with immunosup-
pressing anti-infl ammatory regimens often leads to complete clinical response and 
polyp regression [ 3 ,  6 – 9 ]. Immunologic dysfunction as an  etiology   fi rst raised the 
possibility of an autoimmune basis in the 1980s [ 10 ]. A number of CCS cases have 
been associated with autoimmune disorders including hypothyroidism [ 6 ,  11 ], sys-
temic lupus erythematous (SLE) [ 12 ], and membranous glomerulonephritis [ 13 ]. 
Patients with CCS have also been shown to possess elevated antinuclear antibodies 
(ANA) and anti-Saccharomyces cerevisiae antibodies (ASCA) [ 13 – 16 ]. Recently, 
research has centered on the relationship between Immunoglobulin G4 (IgG4) auto-
immunity and CCS. IgG4-associated systemic disease is an increasingly recognized 
multisystem immune-mediated disorder characterized by IgG4 plasma cell infi ltra-
tion with manifestations including autoimmune pancreatitis (AIP), sclerosing chol-
angitis, retroperitoneal fi brosis, sialadenitis, and papillitis [ 17 – 19 ]. IgG4 plasma 
cell infi ltration of CCS polyps was fi rst reported in 2007 [ 20 ]. A larger study re- 
affi rmed this fi nding with autoimmune-related IgG4 antibody increased in CCS pol-
yps compared to other diseases and normal control tissues [ 21 ]. However, a recent 
study of seven CCS patients found that all had histologic features commonly found 
in other immune disorders of the gastrointestinal tract, with only one patient having 
signifi cantly increased IgG4-positive plasma cells. The authors concluded that this 
further supported the hypothesis that CCS may represent an immune dysregulation 
syndrome, and suggested CCS is different from IgG4-related disease [ 22 ]. 
Regardless of whether this fi nding is linked to IgG4-related autoimmune disease or 
not, this fi nding provides a clue to the pathophysiology of CCS. Furthermore, it is 
postulated that this could be clinically useful when more information is needed to 
exclude or include the diagnosis of CCS. To surmise, the acknowledged response of 
CCS to immunosuppressing anti-infl ammatory regimens, the association with 
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 autoimmune disorders and autoimmune serum markers combined with the recent 
evidence of IgG4 infi ltration of CCS polyps is strong evidence of an autoimmune 
infl ammatory process underlying the  etiology   of CCS. 

 The possibility of an  infectious cause   has been suggested on the basis of infl am-
matory cell infi ltration with mononuclear cells and eosinophils [ 5 ,  23 ]. One series 
reported two cases of CCS with combined infection with two or more pathogens 
[ 14 ]. However, the authors did acknowledge that the relationship of these patho-
gens with diarrhea and CCS was diffi cult to determine.  Helicobacter pylori  infec-
tion has also been implicated in the number of case reports [ 24 – 26 ]. An  allergic 
  component of CCS has been proposed with the observation that after stopping the 
use of inducers—hair dye and topical medications, IgE and eosinophils levels 
decreased, and symptoms improved in CCS patients [ 14 ]. Furthermore, CCS has 
been described in association with arsenic poisoning [ 27 ]. Familial incidence has 
been described only once, in two members of one family—a 50-year-old man and 
his 22-year-old son [ 28 ].   

    Clinical Manifestations 

  The  clinical manifestations   of CCS can vary, but classically it is characterized by dif-
fuse gastrointestinal infl ammatory polyposis (sparing the esophagus), diarrhea, 
weight loss, and the dermatologic triad of cutaneous hyperpigmentation, alopecia, 
and dystrophic nails [ 1 ,  6 ,  29 – 31 ]. Regarding the unique ectodermal abnormalities, 
dystrophic nails present with thinning, splitting, and separation from the nail beds 
[ 32 ]. Alopecia affects the scalp and body hair with biopsy revealing a marked nonin-
fl ammatory loss of follicular units with dilated follicles and deposition of glycosami-
noglycans [ 6 ]. The diffuse cutaneous hyperpigmentation manifests with light to dark 
brown macular lesions most frequently observed on the extremities, face, neck, palms, 
and soles [ 6 ]. Microscopic examination of biopsied skin reveals abnormally increased 
melanin deposition with or without increased melanocyte proliferation [ 33 ,  34 ]. 

 An epidemiological study of the clinical features on 110 CCS patients by  Goto 
et al.  found that 35.4 % of people presented with diarrhea (Type I), 40.9 % with 
hypogeusia (Type II), 6.4 % with xerostomia (Type III), 9.1 % with abdominal dis-
comfort (Type IV), and 8.2 % with alopecia (Type V) [ 3 ]. The hypogeusia is thought 
to be related to zinc and copper defi ciencies in some patients [ 35 ]. Other common 
symptoms include edema (due to a protein-losing enteropathy), progressive 
anorexia, anemia, glossitis and neurological symptoms of paraesthesias, seizures, 
and tetany related to electrolyte abnormalities [ 6 ]. 

 There is a high morbidity associated with CCS, with the long-term prognosis 
being quite poor according to early studies. The 5-year survival rate has been 
reported at 55 % [ 3 ]. However, with improvement in medical therapy and increased 
recognition of the syndrome, the prognosis is now better compared to earlier case 
reports [ 36 ]. A number of possible complications may occur with CCS and can 
contribute to the poor outcome. These include potentially fatal gastrointestinal 
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bleeding, intussusception, and prolapse [ 6 ,  37 ]. Electrolyte abnormalities, dehydra-
tion, protein-losing enteropathy, and other nutritional defi ciencies due to malab-
sorption can also complicate the course of the disease. Patients with CCS are also 
predisposed to recurrent infections, however, it is not known whether this is related 
to malnutrition or is a primary immunological defi ciency [ 10 ].   

    Associated Syndromes 

 Although CCS has characteristic clinicopathological  features  , the differential diag-
nosis includes a number of polyposis syndromes, including familial adenomatous 
polyposis (FAP) and variants Turcot and Gardner syndrome, Peutz–Jeghers syn-
drome (PJS), Cowden disease, juvenile polyposis syndrome (JPS), and serrated pol-
yposis syndrome. Clinically, these diagnoses exhibit characteristics that distinguish 
them from CCS [ 38 ] (Table  8.1 ). However, the endoscopic and histologic features 
of CCS polyps and juvenile polyps overlap and may appear identical and distin-
guishing them requires the presence of the classic ectodermal changes of CCS [ 39 ]. 
There are also signifi cant similarities between the  features   of CCS and PJS, in par-
ticular in the morphology of intestinal hamartomatous polyps, mandating attention 
to detail to ensure the correct diagnosis is made [ 39 ,  40 ]. Such is the phenotypic 
overlap between CCS, JPS, and PJS, some authors have suggested that CCS might 
be related to PJS and JPS [ 41 ].

   In CCS, the polypoid lesions are non-neoplastic infl ammatory polyps with cystic 
dilation and typical glandular changes and are similar to hamartomatous polyps 
seen with either sporadic juvenile polyps or those associated with JPS [ 42 ]. The 
 polyps   occur throughout the entire gastrointestinal tract, with the exception of the 
esophagus [ 6 ]. There can be hundreds of polyps ranging in size from 1 mm to 3 cm. 
The colonic polyps are almost always sessile, even when large, which can assist in 
differentiating them from juvenile polyps [ 39 ]. Another useful distinction between 
these polyps is that the mucosa of polyps in CCS is histologically abnormal, reveal-
ing edema, congestion, and infl ammation of the lamina propria [ 39 ]. By contrast, 
the mucosa of juvenile polyps is histologically normal. More recently, IgG4 plasma 
cell infi ltration of CCS polyps has been described [ 20 ,  21 ] and IgG4 staining of 
intestinal polyps can provide histologic evidence when more information is needed 
to exclude or include the diagnosis of CCS [ 20 ,  21 ]. Due to these histological simi-
larities between JPS and CCS, one needs to take the clinical picture into account 
when making the diagnosis, rather than relying on polyp histology alone. JPS is an 
inherited condition associated with mutations in the MADH4 and BMPR1A genes 
and presents in the fi rst or second decades in life [ 42 ]. Furthermore,  JPS   is associ-
ated with an increased risk of gastrointestinal malignancy but lacks the ectodermal 
changes typical of CCS, and JPS polyps do not regress with steroid treatment [ 42 , 
 43 ]. Cancers appear to arise from adenomatous components present in some  juvenile 
polyps [ 44 ]. Despite these differences, CCS and JPS can occasionally be confused 
both clinically and histologically. 
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  PJS   is another similar hamartomatous polyposis syndrome inherited in an 
autosomal- dominant fashion [ 38 ]. The polyps are present throughout the entire GI 
tract (mostly in the small bowel) along with mucocutaneous melanin pigmentation 
spots that appear most commonly on the lips and buccal mucosa. Symptom onset 
usually occurs prior to 30 years of age. Many organs are prone to cancer in these 
patients with colorectal cancer being common in these patients. 

  Serrated polyposis syndrome   is an entity in which serrated polyps are found in 
abundance throughout the colon in the absence of gastric or small bowel involve-
ment and is more common in patients over 40 years of age. Usually, the polyps are 
large, fl at, and found along haustral folds. CCS polyps have been described and 
interpreted as serrated in appearance, but they are most appropriately characterized 
as infl ammatory and are distinct from serrated polyps. 

 Distinguishing CCS from  adenomatous polyposis syndromes   is often straight 
forward as the polyps are histologically distinct. Adenomatous polyposis syndromes 
are characterized by inheritance of an abnormal autosomal-dominant gene that 
results in multiple colorectal adenomatous polyps. FAP usually involves the col-
orectum, duodenum and, to a much lesser extent, the stomach and small bowel. In 
FAP patients, the risk of colorectal cancer approaches 100 % by the time these 
patients are 50 years of age. 

 While PJS and JPS have a proven  genetic component  , CCS is still thought to be 
nonhereditary. The other entities of the noninherited, non-adenomatous polyposis 
each exhibit unique clinical and pathological features helping to distinguish them 
from one another [ 5 ]. These conditions include CCS, lipomatous polyposis, nodular 
lymphoid hyperplasia, infl ammatory polyposis, and lymphomatous polyposis.  

    Diagnosis 

 There are no clear diagnostic tools for CCS. CCS is a clinicopathologic diagnosis 
based on features of malabsorption in the setting of characteristic clinical, endo-
scopic, radiologic, and histologic fi ndings. 

     Clinical Findings   

  Diarrhea   and  hypogeusia   are the most common initial symptoms, with the dermatologi-
cal changes of alopecia, cutaneous hyperpigmentation, and onychodystrophy occurring 
after a few weeks or months [ 6 ]. The main clinical effects of the gastrointestinal disease 
are protein-losing enteropathy caused by excess mucous secretion by intestinal crypt 
cells [ 45 ] with resultant hypoproteinemia and malnutrition. Laboratory fi ndings are 
non-specifi c; however, they may include electrolyte abnormalities (hypokalemia, hypo-
calcemia, hypomagnesemia), depressed serum levels of zinc, iron, copper and vitamin 
B12, anemia, hypoalbuminemia,  elevated   erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP), elevated ANA, and raised serum levels of gastrin.  
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    Endoscopic and Radiographic Findings 

  Endoscopy   reveals polypoid lesions of the sessile or semipedunculated type through-
out the entire gastrointestinal tract, except for characteristic sparing of the esophagus 
[ 6 ]. Endoscopic appearance of CCS varies according to current literature. Gastric 
mucosa can reveal red and edematous granular polyps with thickened mucosal folds 
(Fig.  8.1 ), mimicking Menetrier’s disease, to atrophic appearing with polypoid 
lesions [ 46 ]. Similar polyps can be found in the small intestine with some small 
denuded areas without villi being typical (Fig.  8.2 ). Colonic polyps are characterized 
as sessile and can be “strawberry-like” according to some studies (Fig.  8.3 ) [ 47 – 50 ].

     Other imaging studies which may be helpful in diagnosing CCS include abdomi-
nal CT scanning which may reveal thickened gastric folds and CT enterography or 
enteroclysis, capsule endoscopy or small intestine double-contrast  radiology   exami-
nation which may reveal small intestinal polypoid lesions. Multidetector CT 
(MDCT) imaging has also been shown to be useful for the detection of CCS polyps 
and for the monitoring of effects of therapy [ 51 ].  

     Histologic Findings   

 As described in detail previously when comparing CCS to other polyposis syn-
dromes, CCS polyps are typically hamartomatous or juvenile type characterized by 
their broad sessile base and exhibit glandular hyperplasia (Fig.  8.4 ), cystic dilation, 

  Fig. 8.1    CCS with extensive infl ammatory gastric polyps       
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mucosal dilation with edema of the lamina propria (Fig.  8.5 ), and eosinophilic 
infl ammation [ 6 ,  9 ,  15 ,  23 ,  39 ]. Interestingly, the surface of duodenal, jejunal, and 
ileal mucosa can be rather fl at due to subtotal and/or total atrophy of villi. CCS 
polyps have been shown to be infi ltrated with IgG4 plasma cells [ 20 ,  21 ]  which   may 
help distinguish it from JPS.

  Fig. 8.2    Severe infl ammatory duodenopathy in CCS       

  Fig. 8.3    CCS colon polyps       
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  Fig. 8.4    Proliferative, tortuous glands in CCS polyp. Courtesy of Thomas C. Smyrk, M.D., 
Department of Pathology, Mayo Clinic, Rochester, Minnesota       

  Fig. 8.5    Edematous lamina propria in CCS. Courtesy of Thomas C. Smyrk, M.D., Department of 
Pathology, Mayo Clinic, Rochester, Minnesota       
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         Management 

 Given the rarity of CCS, there are no evidence-based therapies, and no systematic 
investigations of medical or surgical interventions have been conducted to guide 
management. Interestingly, one case of  spontaneous remission   has been described 
[ 52 ]. However, this is extremely rare and intervention is usually mandated. Several 
different treatment approaches have been attempted, with varying degrees of suc-
cess. Such treatments include hyperalimentation, corticosteroids, H2-receptor 
antagonists, antibiotics, acid suppression, cromolyn sodium, anabolic steroids, sur-
gery, and combinations of these therapies [ 53 ]. 

 As weight loss, malabsorption and micronutrient defi ciencies are common in 
patients with CCS, aggressive nutritional support, and electrolyte replacement is 
required in the majority of patients.  Nutritional support   is the cornerstone of patient 
management. In fact, there are reports of complete and sustained remission being 
achieved with nutritional support alone in the form of enteral feeding or parenteral 
nutrition with complete symptomatic improvement and resolution of ectodermal 
changes [ 6 ,  54 – 57 ]. Traditionally, total parenteral nutrition has been preferred to 
enteral nutrition because of the supposed effect of bowel rest, however, this is not 
evidence based [ 58 ]. Most patients, however, do not respond to nutritional therapy 
alone, and current literature favors a combination therapy based on  nutritional sup-
port   and corticosteroids [ 7 ]. 

  Corticosteroids   are frequently used and are considered the mainstay of medical 
treatment for CCS, in combination with nutritional supplementation. Notably, ste-
roids produced a transient response in one of the fi rst two reported cases of CCS [ 1 ]. 
Corticosteroids have been shown to induce sustained remission in patients [ 7 ,  53 , 
 59 ]. However, the specifi c preparation, dose and duration of corticosteroid treat-
ment used have varied widely in  the   literature [ 6 ]. Once a sustained response is 
achieved, corticosteroids should be tapered and discontinued. Duration of therapy is 
determined by a patient’s response to therapy and the resolution of disease manifes-
tations [ 53 ]. The typical steroid treatment regimen is 40 mg of prednisone for 1 
week, with a 5-mg decrease every week until the patient is tapered off. In one study, 
a symptomatic response was seen within 3 months in 10 of 11 CCS patients treated 
with this regimen [ 21 ]. However, relapse of symptoms is common during the taper 
of corticosteroids; therefore, a steroid-sparing strategy can be employed using 
immunomodulatory agents such as azathioprine, which was used in the previously 
mentioned study [ 21 ]. Five CCS patients who responded to  corticosteroid   treatment 
were placed on azathioprine (2 mg/kg/day) with achievement of clinical remission 
and no relapse after 5 years of follow-up [ 21 ]. Recurrence of disease may require 
corticosteroid re-treatment [ 53 ]. 

 Multiple other agents have been described in the literature for treating 
CCS. Various  antibiotics  , usually in combination with other modalities, have been 
used with varying degrees of success [ 6 ]. Disease remission has also been reported 
after  H. pylori  eradication and acid-suppressive therapy with histamine receptor 
antagonists [ 24 ,  25 ,  60 ,  61 ]. It has been hypothesized that mast cells may play a role 

8 Cronkhite–Canada Syndrome



112

in the development of CCS and accordingly a patient has been described who 
improved with cromolyn sulfate, a mast cell stabilizer. Specifi cally, a combination 
therapy including cromolyn sulfate, histamine receptor antagonists, corticosteroids, 
and antibiotics was used [ 53 ,  60 ]. The use of  mesalazine   has also been reported to 
be effective in one case study [ 62 ]. Due to the suspected autoimmune component, 
azathioprine in combination with tacrolimus or cyclosporin has also been adminis-
tered to some patients with improvement reported [ 46 ,  63 ]. An  anti-TNF- α  therapy   
was considered in one paper due to strong intracellular expression of TNF- α  in the 
small intestinal mucosa, however, before the medication could be introduced, the 
patient died [ 47 ]. Subsequently, the use of  infl iximab   was described in another 
patient with refractory CCS with remission achieved leading the authors to con-
clude that infl iximab offers both a promising new therapy and potential insight into 
the pathogenesis [ 64 ]. The use of the antifi brinolytic, tranexamic acid, resulted in 
symptomatic improvement in one patient [ 65 ]. The proposed mechanism is that this 
agent impairs  fi brinolysis   in the gastrointestinal tract, thereby reducing the loss of 
proteins. Unfortunately, due to the rarity of CCS, randomized controlled trials to 
determine optimal treatment will likely never be possible. Anecdotal evidence with 
careful tailoring of the treatment regimen to the individual patient, with the likely 
use of corticosteroids, will have to suffi ce. 

 The role of surgery in the treatment of CCS is undefi ned.  Surgical treatment   for 
the complications of CCS has been advocated as resection of the specifi c sections 
of the gastrointestinal tract that appears to be responsible for particular complica-
tions and appears to be benefi cial in some cases. There have been case reports 
describing improvement in hypoalbuminemia, resulting from protein-losing enter-
opathy, in patients with CCS after undergoing a right hemicolectomy and a subtotal 
colectomy [ 66 ,  67 ]. 

 The question of whether polyps in CCS possess malignant potential is controver-
sial. However, colorectal neoplasia risk appears to be increased in CCS. There are 
case reports to suggest that both typical adenomatous and serrated polyp pathways 
may be involved, and the overall risk of colorectal cancer has ranged from 14 % to 
25 % in the literature [ 21 ,  68 – 72 ]. The histology of these cancers is adenocarci-
noma. It is unknown whether the duration and/or extent of polyp formation acceler-
ate the risk of  neoplasia   in CCS patients. There is debate also as to whether these 
cancers are coincidental or if they begin as infl ammatory polyps and then develop 
malignant transformation. One study suggested the possibility of serrated polyps, a 
precursor to adenocarcinoma, being more common in CCS than conventional ade-
nomatous polyps. In these cases of CCS, both the serrated polyps and the adenocar-
cinoma demonstrated microsatellite instability and overexpression of the p53 
protein [ 72 ]. The serrated-adenoma–carcinoma sequence is a recognized pathway 
of colon carcinogenesis. A mechanistic explanation for a  serrated-adenoma–carci-
noma sequence   in patients with CCS is that both CCS and serrated adenomas arise 
from abnormal intestinal crypt cell proliferation. Pathologic studies in patients with 
CCS have suggested that selective damage to the crypt epithelium occurs with the 
aberrant maturation of crypt cells [ 45 ]. Similarly, serrated polyps have crypt abnor-
malities that are demonstrated histologically by saw-toothed, elongated, and dilated 
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crypts with a high proliferative activity [ 73 ].  Aberrant crypt maturation   in CCS and 
the high proliferative rate of serrated polyps may be the common pathway that pre-
disposes to mutations and the development of neoplasia. Other theories include the 
possibility that chronic generalized mucosal infl ammation in CCS may increase 
neoplastic transformation similar to the infl ammation-induced mutagenesis of idio-
pathic infl ammatory bowel disease [ 74 ] and the theory of sporadic adenocarcino-
mas occurring in a background of non-adenomatous polyps. 

 Unfortunately, due to the rarity of this disease, optimal screening protocols have 
not been developed for CCS patients. Careful follow-up is recommended. 
Surveillance endoscopies should be employed to assess the response to treatment 
and for the  early detection   of gastrointestinal and colorectal neoplasia, with most 
clinicians recommending annual surveillance [ 53 ]. This schedule is optimally aimed 
at controlling polyp burden and detecting colorectal cancer.  Early detection   of 
malignancy can be challenging against the backdrop of hundreds of infl ammatory 
polyps that may persist despite treatment. A recommended solution to this dilemma 
is to perform a repeat endoscopy after successful treatment, as treatment causes 
remission of most CCS polyps that are potentially infl ammatory and non- neoplastic. 
Anecdotally, some clinicians have advised systematic resection of all polyps that 
are >1 cm in diameter at colonoscopy, as these are more likely to contain an adeno-
matous component than smaller polyps [ 25 ,  75 ], and this approach in conjunction 
with effective medical therapy may possibly help prevent the development of 
colorectal cancer [ 53 ]. Despite prolonged corticosteroid treatment, infl ammatory 
CCS polyps may not regress. If repeat biopsy samples of persistent polyps in CCS 
patients show any degree of dysplasia, intestinal resection should be considered.     
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    Chapter 9   
 Peutz-Jeghers Syndrome                     

       Douglas     Riegert-Johnson    

          Introduction 

 Peutz-Jeghers syndrome (PJS) is a rare autosomal dominant disorder characterized 
by melanotic macules, intestinal polyps, and an increased cancer risk. It is caused 
by mutations in the serine/threonine kinase 11 gene ( LKB1 ,  STK11 ).  

    Epidemiology 

 PJS is a rare disease. (“Peutz-Jeghers syndrome is no frequent nosological unit” [ 1 ].) 
There are no high-quality estimates of the prevalence or incidence of PJS. Estimates 
have included 1 in 8500 to 23,000 live births [ 2 ], 1 in 50,000 to 1 in 100,000 in Finland 
[ 3 ], and 1 in 200,000 [ 4 ]. At Mayo Clinic from 1945 to 1996 the  incidence   of PJS was 
0.9 PJS patients per 100,000 patients. PJS has been reported in Western Europeans [ 5 ], 
African Americans [ 5 ], Nigerians [ 6 ], Japanese [ 7 ], Chinese [ 8 ,  9 ], Indians [ 10 ,  11 ], and 
other populations [ 12 – 15 ]. PJS occurs equally in males and females [ 7 ]. 

     Historical   Background 

   PJS was fi rst reported in a pair of identical twins with  melanotic macules (MMs)   
described by Connor in 1895 and illustrated by Hutchinson in 1896 (Fig.  9.1 ) 
[ 16 ,  17 ]. Later in life, the twins developed what are now known to be additional 
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features of PJS—one died of intussusception at age 20, the other died of breast 
cancer at age 52 [ 5 ,  18 ].

   Johannes Peutz reported two boys who were members of the same family with 
MMs and small intestine polyps in 1921 (Fig.  9.2 ) [ 19 ]. An English translation of 
Peutz’s paper is available online (  http://www.ncbi.nlm.nih.gov/books/NBK7027/    ). 
In 1949, Harold Jeghers and others reported an additional ten cases from several 
families (Fig.  9.3 ) [ 5 ]. The eponym PJS was coined in 1957 at the Mayo Clinic [ 20 ]. 
A history of PJS with biographies of Peutz and Jeghers has been published, and 
many early PJS papers have been made available online by the Jeghers Medical 
Index (  http://www.jeghers.com/pj_pubmed.aspx)     [ 21 ].

    Although Peutz described early jejunal adenocarcinoma in one of his patient’s 
polyps, it was controversial whether or not there was an increased cancer risk asso-
ciated with PJS until the 1980s [ 22 – 27 ]. The author of a 1974 JAMA editorial esti-
mated the lifetime intestinal cancer risk for PJS at only 2–3 %, whereas the most 
recent estimate is 57 % [ 23 ,  28 ]. 

 In 1997 the  PJS  locus was localized to 19p13.3 using comparative genome 
hybridization, loss of heterozygosity (LOH) studies, and targeted linkage analysis 
[ 29 ]. One year later, mutations in the  LKB1  gene at that locus were identifi ed in PJS 
patients by two groups [ 30 ,  31 ]. A follow-up study of Peutz’s original pedigree 
identifi ed an  LKB1  mutation in affected family members [ 32 ]. 

  Fig. 9.1    Illustration of the identical twins reported by Conner as rendered by Sir Jonathan 
Hutchinson’s artist. Connor’s report was published in  Lancet  (1895;2:1169) and the illustration 
was published in  Archives of Surgery  (London 7:290,1896). Note the perioral melanotic macules. 
The text of Connor’s report reads, “Dr. J. T. Connor showed two cases of Pigmentation, of the Lips 
and the Mouth, in twins, both girls, aged 12 years, of dark complexion and anaemic. The pigment 
spots, which were only noticed 2 years ago, were ink black in colour, mostly of very small size and 
scattered over the lips, (especially the lower), gums, hard palate, and not on the tongue.” Later in 
life, the twins developed additional features of PJS—one died of intussusception at age 20, the 
other died of breast cancer at age 52 [ 5 ,  18 ]. Courtesy of Victor McKusick, MD, Johns Hopkins 
Hospital       
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  Fig. 9.2    Reproduction of the single fi gure from Dr. Johannes Peutz’s 1921 paper. Pictured are a 
segment of jejunum with polyps and the patient demonstrating melanotic macules on his lower lip. 
The original caption read, “Concerning the unusual syndrome of familial polyposis of the gastro-
intestinal mucosa with that of the nasal cavity also in combination with strange pigmentation of the 
skin and mucosa.” The entire text of Peutz’s original paper in English is available by linking to 
Appendix I. Translation from Dutch by Wytske Westra, MD       

  Fig. 9.3    Photo of the 
patient described in case 5 
from the 1949  New 
England Journal of 
Medicine  report by Drs. 
Jeghers, McKusick and 
Katz (this photo was not 
included in that 
publication). Note the 
perioral and periocular 
melanotic macules. 
Provided by Lori 
M. Gawdyda, Medical 
Librarian, Jeghers Medical 
Index, St. Elizabeth Health 
Center, Youngstown, Ohio. 
(  http://www.jeghers.com/    )       
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  LKB1  is the original gene designation and is still used.  SKT11  is the offi cial designa-
tion for  LKB1  by the Human Genome Organization (HUGO) (  http://www.genenames.
org/data/hgnc_data.php?hgnc_id=11389    ).  LKB1  is the only gene associated with 
PJS. Mutations in  LKB1  can be found in about 75 % of PJS patients using sequencing 
and multiplex ligation-dependent probe amplifi cation (MLPA) (Table  9.1 ).  

        Support Group 

 A group of PJS patients holds annual meetings in the USA. The website for the PJS sup-
port group is    https://www.smartpatients.com/communities/peutz-jeghers-syndrome    . 

    Pathophysiology 

    LKB1 

 The LKB1 protein is a serine/threonine kinase. It is the only known tumor suppres-
sor kinase.  LKB1  consists of ten exons covering 22.6 kb of genomic DNA located 
at 19p13.3 (Fig.  9.4 ). Nine exons are coding; the fi nal exon is non-coding. Only one 
transcript isoform is known.  LKB1  codes for the 433 amino acid LKB1 protein that 
is expressed in most epithelial tissues, myocytes, glia cells, and the cells of the 
 seminiferous tubules   (Fig.  9.5 ) [ 33 ,  34 ]. Fetal tissues have higher expression than 
adult tissues [ 33 ]. LKB1 is present primarily in the cytoplasm [ 35 ].

    A multispecies alignment of the  amino acid   sequence of LKB1 across human, 
chimpanzee, dog, rat, mouse, chicken, xenopus, zebrafi sh, and drosophila reveals a 
highly conserved core of 245 amino acids, corresponding to the C-terminal portion 
of the LKB1 kinase domain (Figs.  9.5  and  9.6 ). Human and mouse share 98 % 
 identity and 99 % similarity across this region, versus 89 % identity and 93 % simi-
larity across the entire protein.

      Table 9.1    Identifi cation of LKB1 mutations in Peutz-Jeghers syndrome patients   

 Reference 
 Patients with 
mutations 

 Mutation by 
sequencing  Mutation by MLPA a  

 Hearle et al. [ 98 ]  28/46 (61 %)  19/46  9/18 
 Aretz et al. [ 208 ]  54/71 (76 %)  37/71  17/34 
 Volikos et al. [ 209 ]  59/76 (78 %)  48/76  11/28 
 Chow et al. [ 210 ]  24/33 (73 %)  14/33  10/14 
 Total  165/226 (74 %)  118/226 (52 %)  47/226 (21 %) b  

   a In the studies listed, MLPA was only performed on patients who did not have mutations identifi -
able by sequencing 
  b For the percentage of mutations detected by MLPA, the number of mutations detected by MLPA 
was divided by the total number of patients, not the number tested by MLPA.  MLPA  multiplex 
ligation-dependent probe amplifi cation  
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LKB1

22.99 Kb

  Fig. 9.4     LKB1  consists of 10 exons covering 22.6 kb of genomic DNA located at 19p13.3. Nine 
exons are coding; the fi nal exon is non-coding       

LKB1
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  Fig. 9.5    Exonic boundaries and the protein kinase domain of LKB1       

  Fig. 9.6    Sequence conservation of LKB1. A multispecies alignment of LKB1 amino acid 
sequence from nine vertebrates and one insect.  Drosophila  and  Xenopus  sequences have been 
truncated at C-terminal end for clarity.  Colors  denote amino acids with similar biochemical prop-
erties; an  asterisk  indicates amino acid identity;  two dots  indicate strong conservation;  one dot  
indicates weak conservation;  bars beneath alignment  indicate degree of conservation. Note the 
highly conserved region between residues 27 and 272 (corresponding to human residues 25–270) 
bounded by  red arrows . This region corresponds to a portion of the LKB1 kinase domain. 
Alignment was generated by ClustalX 2.0.5 (  www.clustal.org    )       
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       Peutz-Jeghers Syndrome Patients Without Identifi able LKB1 Mutations 

 Twenty-fi ve percent of PJS patients do not have detectable  LKB1   mutations   
(Table  9.1 ). These patients probably have large rearrangements of  LKB1 , including 
deletions, duplications, and inversions of areas larger than an exon. Large rearrange-
ments are common in familial cancer syndrome patients who do not have mutations 
detected by sequencing. Most of these will be detected by MLPA, while some may 
not be. Conversion technology has increased the mutation detection rate in familial 
cancer syndromes, but to date there are no reports of the use of conversion to identify 
 LKB1  mutations [ 36 ]. 

 Other possibilities less likely than large rearrangements include  LKB1  promoter 
mutations, mosaicism,  LKB1  intronic mutations, or a PJS locus other than  LKB1 . A 
search for promoter mutations in 33 PJS patients without an identifi able  LKB1  muta-
tion was negative, and  LKB1  mutation mosaicism has never been described [ 37 ]. 
Three lines of evidence support the hypothesis that there is another PJS locus in addi-
tion to  LKB1 . First, there are three PJS families reported that do not show linkage to 
the  LKB1  locus and one PJS family with linkage to 19p13.4 [ 38 ,  39 ]. In the 19p13.4 
family, analysis of four genes at 19q13.4 did not identify a mutation [ 40 ]. Second, 
 LKB1  sequencing has been able to identify a mutation in only 75 % of patients with 
a diagnosis of PJS (Table  9.1 ). Finally, a chromosomal translocation at the previously 
identifi ed 19p13.4 locus was identifi ed in a PJS-type polyp taken from a 6-day-old 
PJS patient [ 41 ]. Despite this data, identifi cation of a second PJS locus has been 
elusive, and no mutations have been found in any of the genes investigated. These 
include genes whose protein products interact with LKB1 ( STRAD25 ,  MO25 ,  BRG1 , 
 LIP ), proteins activated by LKB1 (MARK family of microtubule associated kinases), 
and candidate genes identifi ed in mouse models ( CDX2 ) [ 40 ,  42 – 45 ].  

    LKB1 in Normal  Physiology   

  LKB1 complexes with STE-20 related adaptor (STRAD) and mouse protein 25 
(MO25). STRAD is an inactive pseudokinase and MO25 is an armadillo repeat 
scaffolding protein. The catalytic activity of LKB1 increases when bound to 
STRAD, and when LKB1 is complexed with STRAD/MO25, it is sequestered in the 
cytoplasm [ 35 ]. 

 LKB1 functions are mediated through at least 13 downstream kinases that LKB1 
activates by phosphorylation of threonine residues in a lysine-X-threonine motif 
(AMPK, MARK1, MARK2, MARK3, MARK4, NUAK1, NUAK2, BRSK1, 
BRSK2, QIK, QSK, SIK, MELK) [ 46 ]. The most well-described functions of LKB1 
are as a sensor and regulator of cellular energy and in establishing cellular polarity. 
In stress conditions such as hypoglycemia or hypoxemia LKB1 down regulates 
 protein synthesis. The measure of energy availability that activates LKB1 is an 
increased AMP/ATP ratio. When activated, LKB1 phosphorylates AMPK, which in 
turn down regulates the mammalian target of rapamycin (mTOR) pathway through 
tuberin ( TSC2 ) [ 47 ]. 
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 LKB1 has also been shown to have a role in cellular polarity in cell systems, 
 Drosophila ,  Caenorhabditis elegans , and mouse oocytes. Experiments in cell sys-
tems have shown that activation of LKB1 by inducing STRAD causes the formation 
of an apical brush border and that LKB1 is necessary for mammalian brain axonal 
polarization [ 48 – 50 ]. Mutations in the  Drosophila  homolog of LKB1, AMPKα, 
result in the loss of epithelial cell polarity [ 51 ]. Limited data support a role for 
LKB1 orthologs in the development of asymmetry in  C. elegans  and in mouse 
embryogenesis [ 52 ,  53 ].   

    Lkb1-Defi cient  Mouse Models   

   Lkb1 -/- mice die in utero between 8.5 and 9.5 days post coitum [ 54 – 57 ]. These 
embryos have abnormal placental development, neural tube defects, vascular mal-
formations, and a hypoblastic or absent fi rst brachial arch [ 56 ]. 

  Lkb1 +/- mice recapitulate the human polyp phenotype. By 6.5 months of life 
they have developed hamartomatous polyps of the stomach; most are at the pylorus 
(Fig.  9.7 ) [ 58 ]. They have a median life expectancy of 14 months. Histologically, 
polyps from  lkb1 +/- mice consist of mucus, pyloric gland epithelium, and arboriza-
tion of connective tissue similar to the unique smooth muscle arborization seen in 
human PJS polyps (Fig.  9.8 ). Unlike human PJS patients,  lkb1 +/- mice rarely have 
small bowel polyps and do not have colon polyps or develop gastrointestinal, pan-
creatic, breast, or other carcinomas.

    After 50 weeks of life, some  lkb1 +/- mice do develop hepatocellular carcinoma 
(HCC) [ 59 ]. Analysis of the HCCs in these mice identifi ed LOH at the  lkb1  locus. 
 Lkb1 -/+ mice have been crossed onto COX-2 and P53 defi cient backgrounds show-
ing decreased and increased neoplasia, respectively [ 58 ,  60 ,  61 ]. 

 It has recently been reported that 12  lkb1 +/- asymptomatic mice sacrifi ced at 300 
days all had asymptomatic osteogenic tumors of the vertebral column [ 62 ]. 

a bLkb1+/+

Lkb1+/-

1 cm 1 cm

  Fig. 9.7    Panel ( a )  above , control mouse stomach and proximal small intestine;  below , distended 
stomach of the  lkb1 +/- mouse. Panel ( b ) Pyloric polyps in  lkb1 +/- mouse ( arrows ). Reproduced 
from Rossi and others, Proc Natl Acad Sci USA 2002: 12327–12332       
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Hypomorphic Lkb1 mice (Lkb fl /fl  ) have been created that express 10 % of the nor-
mal amount of Lkb1. These mice do not develop tumors or polyps [ 63 ].    

    Neoplasia in Peutz-Jeghers Syndrome 

    Cancer Paradigm: Two Hits or One? 

  The paradigm for neoplasia in familial cancer syndromes is the two-hit model 
(Knudsen hypothesis) [ 64 ]. The fi rst hit is inherited as a germline mutation, and the 
second hit occurs by chromosomal deletion (LOH), chromosomal rearrangement, 
hypermethylation, or somatic mutation. PJS differs from other familial cancer 
 syndromes in that there is data supporting both a one-hit (haploinsuffi ciency) and 
two- hit model. Data supporting the one-hit model includes that there is no LOH of 

Human
PJS-type polyp

LKb1 +/- Mouse
Pyloric Junction Polyp

a c

b d

  Fig. 9.8    Panels ( a ) and ( b ) are low and high power microscopic views, respectively, of a PJS-type 
polyp from a PJS patient. Panels ( c ) and ( d ) are low and high power microscopic views, respec-
tively, of pyloric junction polyp from an  lkb1 +/- mouse.  Arrows  in panels ( b ) and ( d ) indicate 
smooth muscle nuclei. Reproduced from Rossi and others, Proc Natl Acad Sci USA 2002: 
12327–12332       
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 lkb1  and 50 % Lkb1 expression in  lkb1 +/- mouse polyps, LOH at the  LKB1  locus is 
seen in only some human PJS polyps, and smooth muscle limited  Lkb1  mouse 
knockouts have the same polyp formation regardless if one or both  lkb1  alleles are 
knocked out [ 54 ,  65 ]. 

 Some data from human PJS patients supports the  two-hit model  . 
Immunohistochemistry studies of PJS polyps show some have a complete loss of 
LKB1 staining, and  LKB1  LOH is seen in about 50 % of PJS polyps and cancers 
studied (Table  9.2 ) [ 66 ,  67 ]. In the polyps without LOH there is evidence that either 
somatic mutations or hypermethylation are the second hit in some cases. In a study 
of 27 PJS polyps, 19 had LOH of  LKB1 , 5 had somatic mutations of  LKB1 , and 3 
had neither [ 68 ]. In the only study of  LKB1  hypermethylation, 4 of 22 PJS polyps 
showed  LKB1  hypermethylation [ 69 ]. 

       Precursor Lesions and Pathways (Hamartoma → Carcinoma Sequence) 

  Cancer precursors and pathways have only been well studied for intestinal cancer in 
PJS. The canonical precursor for cancer in PJS is the PJS hamartomatous polyp, and 
the canonical pathway for intestinal cancer in PJS is the hamartoma → carcinoma 
sequence (hamartoma → low grade dysplasia → high grade dysplasia → carcinoma). 
The  hamartoma → carcinoma sequence   also proposes that with each histological 
step toward carcinoma there are corresponding cumulative molecular events (e.g., 
 KRAS  mutations followed by  APC  mutations). This pathway is analogous to the 
adenoma → carcinoma sequence for sporadic colorectal neoplasia (Vogelstein 
paradigm). 

 The histological evidence supporting the hamartoma → carcinoma sequence 
includes reports of cancer developing in hamartomatous PJS polyps and no reports 
of cancer not associated with polyps. Also, dysplasia in PJS polyps is only seen in 
larger polyps which would agree with hamartoma → carcinoma sequence hypothe-
sis that as polyps become larger there are more molecular events leading to the 

   Table 9.2    Loss of heterozygosity at the  LKB1  locus in Peutz-Jeghers syndrome-associated polyps 
and cancers   

 Reference  LOH in PJS polyps  LOH in PJS cancers  Notes 

 De Leng et al. [ 84 ]  7/22  8/22 
 Enitus et al. [ 102 ]  15/39  5/5 
 Miyaki et al. [ 68 ]  19/27  1/1 
 Nakanishi et al. [ 197 ]  –  1/1  Single breast cancer 
 Nakamura et al. [ 211 ]  –  1/1  Single duodenal cancer 
 Wang et al. [ 212 ]  1/4  7/11 
 Gruber et al. [ 78 ] a   8/9  3/3 
 Total a   50/101 (50 %)  27/45 (60 %) 

   a Gruber et al. reported results for polyps and carcinomas as a single group. Combined results were 
LOH in 11 of 12 PJS polyps or carcinomas. In calculations of totals using results from Gruber 
et al., it was assumed that 8 of 9 polyps had LOH and 3 of 3 cancers had LOH  
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development of cancer. Many reports have followed the initial report of cancer in a 
PJS polyp in Peutz’s original description, and a 1994 review identifi ed 24 reports in 
20 patients [ 7 ,  8 ,  70 – 75 ]. Other than data showing somatic inactivation of LKB1 
(reviewed above), there is little molecular data supporting the underlying cumula-
tive molecular events presumed to be the basis of the hamartoma → carcinoma 
sequence. 

 An alternative theory to the hamartoma → carcinoma sequence was put forward 
by the authors of papers in 2006 and 2007 [ 76 ,  77 ]. The authors proposed that PJS 
polyposis occurs through loss of cellular polarization and is not the result of cumu-
lative genetic events as seen with sporadic colon polyps or the polyps of other 
colorectal familial cancer syndromes. They propose carcinogenesis in PJS occurs 
by well-established pathways, probably the Wnt/APC/β-catenin pathway, and is 
unrelated to events causing hamartomatous polyposis. Data supporting this hypoth-
esis comes from their study of polyps from two PJS patients. The polyps were found 
by them to be polyclonal with an expanded progenitor zone. The authors interpret 
the polyclonality of the polyps as not supporting hamartoma → carcinoma sequence, 
as polyps progressing through a pathway would be monoclonal, and they speculate 
that the expanded progenitor zone indicates asymmetrical cell division as the 
 pathway for carcinogenesis in PJS.   

    Molecular Pathways (Wnt/APC/β-Catenin, DNA Mismatch 
Repair and COX-2) 

  It is unclear whether the  molecular pathways   involved in other familial cancer 
 syndromes are also involved in PJS. PJS polyps do not have evidence of DNA 
 mismatch repair defects as seen in  Lynch syndrome   [ 78 ].  APC  somatic mutations 
and  APC  LOH with resulting nuclear β-catenin accumulation are characteristic of 
familial adenomatous polyposis (FAP) [ 79 ]. Somatic APC inactivation as a result of 
LOH or somatic mutations is rare in PJS (Table  9.3 ). Two of three studies of 
β-catenin nuclear accumulation in PJS polyps have found abnormal accumulation 
(Table  9.4 ).

   Table 9.3     APC  mutations and 5 q loss of heterozygosity in Peutz-Jeghers syndrome polyps and 
cancers   

 Reference  PJS polyps  PJS cancers 

 5 q LOH   APC  mutations  5 q LOH   APC  mutations 

 De Leng et al. [ 84 ]  –  0/22  –  2/11 
 Entius et al. [ 213 ]  –  12/12  –  4/5 
 Miyaki et al. [ 214 ]  0/27  0/27  –  – 
 Gruber et al. [ 78 ] a   0/9  –  0/9  – 

   a For Gruber et al. results for polyps and carcinomas were not reported separately. In calculations 
of totals using results from Gruber, the assumption was that 9 were polyps and 9 were cancers  
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    Of the several downstream pathways of LKB1, it has not been possible to 
 conclusively isolate which if any of them are responsible for PJS-associated neopla-
sia. Knockout mice of two of the downstream kinases activated by LKB1, AMPK 
α1/α2, and Emk/Park-1 (mouse homolog of LKB1 target MARK2), have not repro-
duced the PJS phenotype [ 80 – 82 ]. As noted above, LKB1 is a proximal member of 
the mTOR pathway, and treatment of  lkb1 +/- mice with the mTOR inhibitor 
rapamycin has been shown to suppress polyp formation [ 83 ]. 

 Investigations in PJS patients and the  lkb1 +/- mouse show a role for COX-2 in 
PJS neoplasia. COX-2 is over expressed in 60–80 % of PJS polyps (Table  9.5 ). One 
study showed COX-2 expression correlated with dysplasia, 24 % of hamartomas 
compared to 64 % of carcinomas having moderate or strong COX-2 expression 
[ 84 ]. Another study found a correlation between COX-2 and LKB1 staining in PJS 
polyps [ 67 ]. Crossing  lkb1 +/- mice onto a  COX-2-/+  or  COX-2-/-  background or 
treating them with a COX-2 inhibitor decreases polyp burden [ 61 ]. In the only study 
of chemoprevention in PJS patients, six patients were treated for 6 months with 
celecoxib 200 mg twice daily [ 61 ]. Two of six patients met the primary endpoint of 
a decrease in gastric polyps as assessed by endoscopy. 

         Pathology 

 PJS-type intestinal polyps are disorganized normal tissue (  hamartomas   ). PJS- 
associated polyps can be differentiated from sporadic hamartomatous polyps and 
hamartomatous polyps associated with other syndromes by a unique smooth muscle 
core that arborizes throughout the polyp (Fig.  9.9 ). PJS-type polyps do not have 
specifi c endoscopic features and can only reliably be distinguished from other types 
of polyps by histopathology.

   The unique PJS polyp pathology is best appreciated in PJS small intestine polyps 
[ 85 ]. The histopathology of PJS-associated gastric polyps can be similar to hyperplastic 

  Table 9.4    Nuclear β-catenin in Peutz-Jeghers 
syndrome polyps and cancers  

 Reference  PJS polyps  PJS cancers 

 De Leng et al. [ 84 ]  4/22  5/11 
 Back et al. [ 213 ]  12/12  – 
 Herter et al. [ 215 ]  0/6  – 
 Total  16/40 (40 %)  5/11 (46 %) 

   Table 9.5    COX-2 expression in Peutz-Jeghers syndrome polyps   

 Reference  PJS polyps with COX-2 over expression 

 Wei et al. [ 67 ]  28/33 
 Rossi et al. [ 216 ]  16/23 
 McGarrity et al. [ 217 ]  7/11 
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gastric polyps. Mucosal prolapse colon polyps can have a smooth muscle core similar 
to the one seen in PJS-associated polyps. A few PJS patients have been reported to also 
have adenomatous and hyperplastic polyps, and there is one case report of osseous 
metaplasia of PJS-type polyps [ 26 ,  86 ,  87 ]. 

    Pseudo-Invasion 

 The epithelium of PJS polyps can invade into the wall of the intestine without trans-
forming into cancer (Figs.  9.10 ,  9.11 , and  9.12 ) [ 88 ,  89 ]. This is termed  pseudo- 
invasion .  Pseudo-invasion   can mimic malignant invasion and has been misdiagnosed 
as small intestine cancer. It has been reported only in PJS small intestine polyps and 
not in PJS colon or stomach polyps [ 90 ]. In a review of PJS-type polyps at St. 
Mark’s Hospital, 10 % had pseudo-invasion [ 90 ].

         Sporadic Peutz-Jeghers-Type Polyps not Associated with PJS 

  Sporadic PJS-type polyps not associated with PJS are rare. Only 12 sporadic PJS 
duodenal polyps have been reported [ 91 ]. A study of 121 PJS-type polyps at Johns 
Hopkins Hospital was unable to defi nitively identify a patient with a PJS-type polyp 
who did not have PJS [ 85 ]. At the Cleveland Clinic, over a period of approximately 
20 years, eight patients with solitary PJS-type polyps were identifi ed. On follow-up, 
none of these patients developed features of PJS, although one patient died of colon 
cancer 12 years after identifi cation of the solitary PJS polyp. 

  Fig. 9.9    PJS-type polyp 
histology. Note the 
arborizing smooth muscle 
architecture unique to 
PJS-type intestinal polyps 
( arrows ). See also 
Figs.  9.10 ,  9.11 , and  9.12        
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  Fig. 9.10    High power microscopic view of a PJS-type jejunal polyp with pseudo-invasion.  Arrow  
indicates an area of low grade dysplasia. For lower power views see Figs.  9.11  and  9.12        

  Fig. 9.11    Low power microscopic view of a PJS-type jejunal polyp with pseudo-invasion.  Arrows  
indicate hamartomatous small intestine mucosa in the intestinal wall. See also Figs.  9.10  and  9.12        
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 The most common location for  sporadic PJS-type polyps   is the colon, followed 
by the rectum and the duodenum. Patients typically present later in life; in one study 
the mean age of presentation was 55 years [ 92 ]. The malignant potential of sporadic 
PJS-type polyps is unknown. Two sporadic PJS-type polyps have been reported to 
have a focus of adenocarcinoma [ 91 ,  93 ]. The authors recommend that all patients 
with a solitary PJS-type polyp be evaluated for PJS.   

     Melanotic Macules   

 PJS MMs have increased basal pigmentation and melanocytes with long pigment- 
fi lled dendrites [ 94 ]. Electron microscopy has shown a blockage in pigment transfer 
from melanocytes to keratinocytes in MMs of the fi ngers and toes [ 95 ].  

    Diagnosis 

 PJS is a clinical  diagnosis   based on MMs, PJS-type intestinal polyps, and family 
history. Genetic testing is usually not necessary (see  LKB1 Genetic testing in the 
diagnosis and management of Peutz-Jeghers Syndrome ). There is no consensus or 
society-endorsed diagnostic criteria. Table  9.6  shows the diagnostic criteria used at 
Mayo Clinic and that of Tomlinson and Houston.

  Fig. 9.12    Medium power microscopic view of a PJS-type jejunal polyp with pseudo-invasion. 
 Arrows  indicate hamartomatous small intestine mucosa in the intestinal wall. See also Figs.  9.10  
and  9.11        
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        Clinical Genetics 

    LKB1 Mutations in PJS Patients 

   Approximately 75 % of PJS patients have identifi able mutations in  LKB1  (Table  9.1 ). 
Two-thirds of mutations are detectable by sequencing and one-third by MLPA. A 
review of 145 germline PJS  LKB1  mutations found that 34 % were deletions, 21 % 
missense, 14.5 % insertions, 12 % nonsense, 14 % splice site, and 4.5 % deletions/
insertions, inversions, genomic rearrangements, and others [ 96 ]. One PJS family 
with a complete deletion of  LKB1  has been reported [ 97 ]. Seven percent of PJS 
families have been found to have either a 1-bp deletion or 1-bp insertion in a 
6- cysteine repeat mutation hotspot (c.837–c.842) [ 13 ,  96 ]. 

 A higher proportion of PJS patients has new  mutations   and no family history 
than do patients with other inherited cancer syndromes. The percentage of PJS 
patients without a family history is about 45 % [ 98 ]. For comparison, only 15 % of 
FAP patients do not have a family history. The reason for the high degree of new 
mutations in PJS is probably the low reproductive fi tness of PJS patients prior to the 
introduction of effective treatment for intussusception.    

    LKB1 Genetic Testing in Diagnosis and Management 

  LKB1  genetic testing plays a limited role in the  diagnosis and management   of PJS 
patients (see  Diagnosis ). As 25 % of confi rmed PJS patients will have a negative 
genetic test, a clinical diagnosis of PJS stands even when genetic testing is negative. 

   Table 9.6    Diagnostic criteria for Peutz-Jeghers syndrome   

 Mayo Clinic 
 A diagnosis of PJS can be made 
 In patients  without  a family history of PJS if either of the following are present: 
 • characteristic melanotic macules and one or more intestinal polyps with PJS-type histology, or 
 • two intestinal polyps with PJS-type histology 
 In patients  with  a family history of PJS in a parent or sibling, if any of the following are present: 
 • characteristic melanotic macules, or 
 • one intestinal polyp with PJS-type histology, or 
 • an  LKB1  mutation 
 Tomlinson and Houston [ 130 ] 
 A diagnosis of PJS can be made if there are 
 • two or more intestinal polyps with PJS histology, or 
 • one intestinal polyp with PJS-type histology with either typical melanotic macules or a 

family history of PJS, or 
 • a family history of PJS and characteristic melanotic macules 

   PJS  Peutz-Jeghers Syndrome  
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As there are no clinically signifi cant genotype/phenotype correlations, a positive or 
negative genetic test does not change management. 

 Molecular diagnostic laboratories advertise  LKB1  testing for PJS, including 
sequencing of coding regions, deletion/duplication testing by MLPA, linkage 
 analysis, prenatal and preimplantation testing. A list of laboratories offering  LKB1  
testing can be found at   www.geneclinics.org    .  LKB1  genetic testing can be diffi cult 
to coordinate and is expensive (>1000 US$).  

    Genotype/Phenotype Correlations 

  LKB1 /PJS  genotype  /phenotype correlations are of great interest as they could allow 
for targeted cancer surveillance. Unfortunately, no clinically signifi cant genotype/
phenotype correlations for  LKB1/ PJS have been identifi ed. A review of the largest 
cohort of PJS patients to date, 416 patients, found a nonsignifi cant trend for 
increased cancer risk in patients with truncating mutations as compared with 
nontruncating mutations [ 28 ]. Other reports of genotype/phenotype correlations 
have included an association between  LKB1  exon six mutations and increased 
 cancer risk, an increased risk for bile duct cancer in patients without detectable 
mutations, and no genotype/phenotype association [ 99 – 101 ]. 

 A somatic mutation/phenotype correlation for cancer has been reported. Enius 
and others found that polyps from PJS patients with cancer had a higher proportion 
of LOH at the  LKB1  locus than PJS patients without cancer [ 102 ]. Studies are 
 contradictory on the presence of a genotype/phenotype correlation for intussuscep-
tion in PJS [ 103 ,  104 ].  

    Penetrance,  Expressivity  , Mosaicism, and Modifi ers 

 PJS is highly penetrant with  variable   expression. Only one case of nonpenetrance of 
an  LKB1  mutation has been reported [ 38 ]. Almost all PJS patients will display the 
two cardinal features of the disease (MMs and PJS-type intestinal polyps) and most 
will develop a PJS-related cancer (Fig.  9.13 ). There is signifi cant variability in the 
timing and extent of the MMs, polyps, and cancers 1  (Tables  9.7  and  9.8 , and 
Fig.  9.14 ). Germline or somatic mosaicism of  LKB1  mutations has not been reported, 
and no genetic or environmental modifi ers of the  LKB1/ PJS phenotype have been 
identifi ed.

1   “… for each living being has his own individual peculiarities and whatever his disease it must be 
necessarily peculiar to himself – a new and complex malady unknown to medicine …”— War and 
Peace , Leo Tolstoy. 
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  Fig. 9.13    A graphical representation of the natural history of Peutz-Jeghers syndrome. Most 
patients will develop melanotic macules during the fi rst year of life and a patient’s fi rst intussus-
ception usually occurs between the ages of 6 and 18 years old. Cumulative lifetime cancer risk 
begins to rise in middle age. Cumulative risks by age 70 for all cancers, gastrointestinal (GI) can-
cers, and pancreatic cancer are 85 %, 57 %, and 11 %, respectively       

     Table 9.7    Intra- and inter-familial variability of Peutz-Jeghers syndrome   

 Kindred 

 Age at 
onset of 
MMs (years) 

 Age at onset of 
abdominal 
symptoms (years)  Status and notes 

 Peutz  First months  25  Dead, 50, breast cancer 
 Pedigree [ 32 ] a   “Young age”  17  Dead, 40, colon cancer 

 <1  <24  Dead, 40, squamous cell carcinoma of the 
nasopharynx 

 2 years  8  Dead, 70, peritonitis 
 <1  6  Dead, 30, gastrointestinal adenocarcinoma 
 <1  <10  Dead, 70, pneumothorax 
 First weeks  15  Living, 60 

 Harrisburg  –  –  Dead, 40, gastric adenocarcinoma 
 Family [ 218 ] a   –  8  Dead, 29, metastatic adenocarcinoma 

 –  20  Living, 68 
 Syracuse  Present at 8  –  Living, 26 
 Pedigree [ 147 ]  Present at 2  17  Living, 29 

 Present at 2  19  Living, 28 
 Present at 3  3?  Living, 30, SCTATs 
 Present at 6  –  Living, 33 
 Present at 12  12  Dead, 38, breast cancer age 36, jejunal 

adenocarcinoma 38 
 Present  19  Dead, 19, acute peritonitis of unknown cause 
 Present  Dead, 63, breast cancer 

   a Some family members not included. Also see Fig.  9.14  for graphical representation of data.  MMs  
melanotic macules.  SCTATs  sex cord tumor with annular tubules  
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           Natural History 

    Overview 

 MMs usually develop on the lips by the end of the fi rst year of life and are almost 
always present by 5 years of age (Fig.  9.1 ,  9.2 , and  9.3 ) [ 32 ]. Unless a family history 
of PJS is present, the MMs are usually interpreted as freckles and a diagnosis of PJS 
is not made. 

     Table 9.8    Youngest and oldest reports of cancer in Peutz-Jeghers syndrome patients   

 Cancer 
 Youngest reported case in 
a PJS patient (years) 

 Oldest reported case in 
a PJS patient (years) 

 Bile duct (cholangiocarcinoma)  6 [ 130 ]  – 
 Colorectal  10 [ 219 ]  71 [ 175 ] a  
 Small intestine  21 [ 175 ] a   84 [ 175 ] a  
 Stomach  13 [ 70 ]  61 [ 175 ] a  
 Breast  19 [ 175 ] a   57 [ 147 ] 
 Pancreatic  16 [ 220 ]  91 [ 221 ] 
 Invasive large cell calcifying Sertoli cell 
tumor of the testis 

 1 year, 7 months old [ 222 ]  14 [ 223 ] 

 Lung  41 [ 175 ]  70 [ 175 ] 

   a Secondary reference.  PJS  Peutz-Jeghers syndrome  

  Fig. 9.14    Cancer diagnosis in three well-described Peutz-Jeghers syndrome families. Some fam-
ily members who died at a young age from causes other than cancer are not included. See Table  9.7  
for source data       
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 Between the ages of 6 and 18 years most PJS patients will present with symp-
toms of obstruction due to small intestine intussusception. Some patients will present 
subacutely with intermittent bouts of abdominal pain while others present 
 emergently with severe abdominal pain, nausea, and vomiting. Most patients will 
undergo surgery at their initial presentation with abdominal pain, often before the 
diagnosis of PJS is made. Rarely patients will initially present with rectal bleeding 
or a prolapsing rectal polyp [ 105 ]. 

 Almost all PJS patients will be diagnosed with one or more cancers during their 
lives, usually in middle age or later. There is no current data available on the long- 
term survival of PJS patients. In a report of 72 PJS patients published in 1989, 48 % 
had died from cancer by the age of 57 years [ 25 ]. A study of the psychosocial impact 
of PJS found patients had mild depression but did not feel physically impacted by 
PJS [ 106 ].  

    Melanotic Macules 

 Melanotic macules (MMs) on and around the lips are a  cardinal feature   of PJS 
(Figs.  9.1 ,  9.2 , and  9.3 ). They can also be seen on the buccal mucosa, surrounding 
the eyes and ears, on the tips of the dorsal surface of fi ngers and toes, on the eyelids, 
and surrounding the anus and genitals. In a Japanese cohort, 94 % of patients had 
MMs surrounding the lips, 65 % on the buccal mucosa, 73 % on the fi nger tips, 
62 % on the toe tips, and 21 % on other locations [ 7 ]. 

 The  facial distribution   of the MMs is the inverse to that of freckles (ephilides); 
they have been referred to as  ephilides inversae  [ 107 ]. PJS MMs also can be distin-
guished from freckles by their presence on the buccal mucosa and hard palate. The 
macules are usually 1–5 mm in diameter and vary in color from “ink black” to dark 
chocolate to latte (Fig.  9.1  caption [ 16 ]). 

 MMs typically develop on the lips by the end of the fi rst year of life and are 
almost always present by 5 years (Table  9.7 ) [ 32 ]. They are rarely present at birth 
[ 108 ]. In puberty and adulthood PJS MMs fade and in many cases can disappear. 
Therefore, the absence of MMs in an adult patient presenting for PJS evaluation 
should not rule out the diagnosis of PJS. There is wide variation between patients in 
the distribution, intensity, and timing of appearance and disappearance of the 
macules. 

 A few PJS patients will not have MMs at anytime. In a series of 170 PJS patients, 
there were two cases of PJS with documented  LKB1  mutations without MMs [ 84 ]. 
Possible explanations include incomplete expressivity, slightly noticeable pigmen-
tation in childhood that was not noted and then faded, or mosaicism. 

 PJS-associated MMs can be removed for cosmetic reasons with laser treatment 
[ 109 – 111 ]. MMs associated with PJS have never been reported to  develop   into 
 melanoma or other malignancy. Two patients with PJS have been diagnosed with 
melanoma not associated with a melanotic macule [ 112 ,  113 ]. MMs have been 
reported in the psoriatic plaques of PJS patients with psoriasis [ 94 ,  114 ]. 
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  Laugier-Hunziker syndrome (LHS)   and isolated mucocutaneous melanotic 
 pigmentation (IMMP) patients can have MMs on the lips similar to PJS.  LHS   can 
be differentiated from PJS by a later onset of pigmentation in adulthood, pigmenta-
tion of the fi nger nails (longitudinal melanonychia), and lack of family history 
[ 115 ]. LHS is not associated with an increased risk of cancer or PJS-type intestinal 
polyps. The etiology of LHS is unknown; sequencing of  LKB1  in a patient with 
LHS did not identify a mutation [ 115 ]. IMMP patients have PJS-type MMs without 
any PJS- associated polyps, malignancies, or  LKB1  mutations. Female IMMP 
patients have an increased risk for gynecological cancers [ 116 ]. 

 For discussion of the pathology of MMs see  Pathology .   

    Nasal Polyposis and Other Sites of Extra-Intestinal Polyps 

    Nasal Polyposis and  Nasopharyngeal Carcinoma   

 A study found nasal polyps in 15 % of PJS patients studied (8 of 52) [ 117 ]. Six of 
22 members of the original Peutz pedigree have been diagnosed with nasal 
 polyposis [ 32 ]. Three PJS patients with nasopharyngeal carcinoma have been 
reported [ 32 ,  99 ]. 

  Nasal polyposis   has been molecularly confi rmed as a manifestation of PJS by 
LOH at the  LKB1  locus in the nasal polyps of PJS patients [ 118 ]. A comparative 
histological study of PJS-associated nasal polyps and sporadic nasal polyps found 
fewer eosinophils in the PJS polyps [ 117 ]. In the same study, 11 of 12 PJS-associated 
nasal polyps were found to express COX-2 compared with 19 of 28 sporadic nasal 
polyps. 

 There are no published recommendations for the surveillance and management 
of PJS nasal polyps. St. Mark’s Hospital, Johns Hopkins Hospital, and Mayo Clinic 
Florida PJS management protocols do not recommend routinely evaluating PJS 
patients for nasal polyps. PJS patients with sinus obstruction caused by polyps have 
been treated with surgery [ 119 ,  120 ].  

    Gallbladder and Bile Duct Polyps and Cancer 

 In a series of 72 PJS patients, three (4.1 %) had gallbladder polyps [ 11 ]. Also 
reported are one PJS patient requiring cholecystectomy for gallbladder obstruction 
by polyps and one PJS patient with common bile duct obstruction by polyps [ 121 , 
 122 ]. Two PJS patients with  gallbladder cancer   have been reported; one had 
 gallbladder cancer arising near but not in hamartomatous gallbladder polyps [ 7 , 
 123 ]. Several PJS patients have been reported with bile duct cancer (cholangiocar-
cinoma) [ 89 ,  100 ]. 

D. Riegert-Johnson



137

 There are no published recommendations for the surveillance and management of 
PJS gallbladder and common  bile duct polyps  . We recommend that gallbladder 
 polyps greater than 10 mm be removed by cholecystectomy. Smaller gallbladder polyps 
should be monitored at 3 and 6 months after diagnosis, and if stable then yearly.  

    Rare Sites of Extra-Intestinal Polyps in PJS Patients 

  Hamartomatous polyps   in PJS patients have also been reported in the ureter [ 124 ], 
respiratory tract [ 125 ,  126 ], and on the tonsils [ 127 ].   

    PJS-Type Polyps 

 PJS patients have polyps throughout the gastrointestinal tract. The  jejunum   is the 
most common location, followed by the ileum, colon, rectum, stomach, duodenum, 
appendix, and esophagus (Figs.  9.15 ,  9.16 ,  9.17 ,  9.18 , and  9.19 ) [ 128 ]. Some 
patients may develop thousands of small polyps carpeting the small intestine, others 
only a handful of polyps. The natural history of PJS-type polyps has not been well 
studied. From the authors’ and anecdotal experience, polyp growth is erratic, with 
polyps remaining the same size for many years. Some polyps may regress or 
autoamputate and spontaneously pass [ 7 ]. The pathology and surveillance regimens 
for PJS-type polyps are discussed separately ( Pathology, Small intestine polyp and 
cancer surveillance ).

  Fig. 9.15    Section of jejunum removed from a Peutz-Jeghers patient at surgery with multiple 
pedunculated polyps. Courtesy of Victor McKusick, MD, Johns Hopkins Hospital       
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       PJS polyps should be removed before they cause intussusception/obstruction, 
develop dysplasia, or become too large to remove endoscopically. Polyps occurring 
in the stomach, duodenum, and colon are easily reached and removed by standard 
endoscopy. The authors recommend polyps in these areas usually be removed. 
Small intestine PJS polyps can be much more diffi cult, if not impossible, to remove 
by endoscopy. Therefore, a cutoff for which small intestine polyps to invest the 
resources to attempt to remove has great clinical importance. 

  Fig. 9.16    Stomach polyps 
in a Peutz-Jeghers 
syndrome patient       

  Fig. 9.17    Duodenal polyp 
in a Peutz-Jeghers 
syndrome patient       
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 The fi rst proposed cutoff for small intestine polyp removal was 1.5 cm, proposed 
in 1994 by the Danish polyposis registry [ 129 ]. Further reports have expanded the 
cutoff range to between 1.0 and 1.5 cm [ 76 ,  129 ,  130 ]. In the authors’ experience, 
the 1.5 cm cutoff is appropriate. Small intestine polyps rarely intussuscept in adults 
until they are larger than 1.5 cm, dysplasia is rare until polyps are larger than 3.0 cm, 
and double balloon endoscopy (DBE) has been used to remove polyps as large as 
3 cm. The authors have developed a protocol for management of PJS small intestine 
polyps using extended endoscopy, DBE, and laparoscopic intraoperative endo-
scopic polypectomy (Fig.  9.20 ).

  Fig. 9.18    Ileal polyp in a Peutz-Jeghers syndrome patient       

  Fig. 9.19    Colon polyp in a 
Peutz-Jeghers syndrome 
patient       
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      Double Balloon  Endoscopy   

   DBE was approved by the US Food and Drug Administration in 2004, and the fi rst 
 DBE   procedure for PJS was reported in 2005 [ 54 ]. Since then, several case reports 
or small case series of DBE for the removal of small intestine polyps in PJS patients 
have been published [ 131 – 134 ]. There is no data on the long-term effi cacy of DBE- 
assisted polyp removal in PJS patients in preventing intussusceptions or cancer. 

 Pre-DBE imaging with MRI enterography and other small intestine imaging 
techniques provides the information needed to plan either an antegrade (oral) or 
retrograde (anal) approach in order to target the largest polyps. The primary objec-
tive at DBE is to remove the large polyps inaccessible to standard endoscopy. The 
authors do not usually remove small polyps (≤5 mm). 

 The DBE system (Fujinon Inc., Saitama, Japan) consists of a 200-cm long endo-
scope, an overtube, and a balloon pump controller to infl ate and defl ate two balloons 
affi xed at the tip of the endoscope and overtube (Fig.  9.21 ). The objective is to 
advance and reduce the endoscope and overtube in a repetitive sequential fashion 
that allows pleating of the small intestine onto the overtube. Yamamoto has 
 published a review of the technical details [ 135 ]. The DBE procedure can be 
 performed via the antegrade (oral) or retrograde (anal) approaches without or with 
intraoperative assistance [ 136 ]. The insertion route is selected according to the 
 estimated location of the target polyps based on clinical impression and imaging 
studies. With antegrade DBE, the scope can usually be inserted to the distal jejunum 

Is polyp accessible by extended upper
endoscopy?

Yes

Yes

Is DBE successful? Laparoscopic assisted
endoscopic polypectomy

Continue surveillance Consider repeating DBE
by the approach not used or
intra-operative endoscopy
(laproscopically assisted)

extended upper
endoscopy

Is polyp accessible
by DBE?

No

Yes No

No

  Fig. 9.20    Mayo Clinic Peutz-Jeghers syndrome small intestine polyp management algorithm       
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or proximal ileum. With retrograde DBE, the scope can typically be advanced to the 
proximal ileum. Using both ante- and retrograde approaches, complete small bowel 
examination can be performed in 30–60 % of patients [ 137 ,  138 ]. For patients with 
polyps unresectable by the ante- or retrograde approaches, intraoperative endos-
copy with standard or DBE is recommended [ 136 ].

   DBE is a safe procedure and serious complications are rare. The risk of perfora-
tion is approximately 0.5 %. Thirty percent of cases will be complicated by 
 post- procedure abdominal pain, 46 % by asymptomatic hyperamylasemia, and 1 % 
or less by pancreatitis [ 139 ,  140 ]. Most PJS patients have intra-abdominal  adhesions 
from multiple surgeries. Adhesions can cause sharp intestinal bending, hinder 
 effective small bowel pleating, and limit the depth of insertion. Adhesions may also 
increase the risk of perforation. The only DBE complication reported in a PJS 
patient was an intestinal perforation in an infant [ 141 ].    

    Intraoperative Endoscopy 

  During  intraoperative endoscopy   the surgeon guides the endoscope through the 
small bowel and can lyse adhesions blocking the endoscope. These maneuvers 
increase the reach of the endoscope, and often the entire small bowel can be seen 
using a combination of antegrade and retrograde approaches. Usually standard 
endoscopes are used for intraoperative endoscopy, but double balloon scopes have 
also been used [ 136 ]. 

 Intraoperative endoscopy can be used during open or laparoscopic surgery to 
remove polyps that cannot be removed using standard endoscopy or performed as 
an additional procedure when abdominal surgery is being performed for another 
indication. When PJS patients do undergo surgical polypectomy or other abdominal 
surgical procedures, it is recommended that the opportunity be used to perform a 
total polyp clearance (“clean sweep”) by intraoperative endoscopy. 

  Fig. 9.21    Fluoroscopic 
image of a retrograde 
double balloon endoscope 
at maximum insertion       
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 Two retrospective studies have confi rmed the value of intraoperative endoscopy 
in PJS patients [ 142 ,  143 ]. In one, 25 PJS patients who underwent small bowel 
clearance by intraoperative endoscopy had a signifi cantly decreased reoperation 
rate compared with historical controls [ 142 ]. In another, intraoperative endoscopy 
was superior to palpation for polyp detection, with a median of 12 additional polyps 
that could not be palpated removed endoscopically.   

    Intussusception 

  The distribution of  intussusceptions   follows the distribution of polyps: jejunum, 
ileum, and colon. Rare and unusual intussusceptions have also been reported in PJS 
patients including gastroduodenal intussusceptions [ 9 ,  105 ,  144 ], double and triple 
intussusceptions (patients presenting with two or more different intussusceptions at 
the same time) [ 1 ,  105 ], appendiceal intussusceptions [ 145 – 147 ], and retrograde 
intussusceptions [ 144 ]. Most PJS patients present with an intussusception between 
the ages of 6 and 18. Patients as young as 15 days old and as old as 35 years have 
presented with their fi rst intussusception [ 108 ,  148 ]. 

 Symptoms of intussusception include abdominal pain, nausea, vomiting, and 
bloody stool. PJS patients presenting with symptoms of intussusception should have 
an emergency evaluation with an abdominal computerized tomography (CT) scan 
and surgical consultation [ 149 ]. Treatment of acute intussusception with intestinal 
obstruction is surgical. Endoscopic management is not recommended. 

 The surgical approach is dependent on the location and extent of the intussuscep-
tion, suspicion for malignancy, and extent of associated infl ammation, edema, and 
ischemia [ 150 ]. For the most common intussusception in PJS, jejunal/jejunal by a 
nonmalignant polyp, the recommended surgical technique is reduction, enterotomy, 
and polyp resection. After reduction, the base of the polyp that served as the lead point 
can be identifi ed by a dimple in the wall of the small intestine [ 7 ]. The polyp can be 
removed through a small incision adjacent to the dimple. If there is concern for malig-
nant invasion after the incision is made, the base of the polyp and adjacent small 
bowel can be excised by extending the initial incision. In the rare case where the lead 
point of the intussusception is suspected to be a polyp with cancer, reduction should 
not be performed before the enterotomy is made to prevent dissemination of malig-
nant cells. If possible, intraoperative endoscopy should also be performed to remove 
other polyps. One group recommends prolapsing the small intestine through the enter-
otomy incision so that 2 or 3 feet of mucosa can be inspected for polyps [ 143 ].    

    Cancer Risk 

 PJS patients have an increased risk for cancers of the colon, stomach, small intes-
tine, pancreas, breast, and other organs. The most current and complete data on 
cancer risk in PJS patients is from a multicenter collaborative series of 416 PJS 
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patients published in 2006 [ 28 ]. The cumulative cancer risk for a PJS patient was 
85 % by age 70 (control population risk 18 %). Thirteen percent to 15 % of PJS 
patients will be diagnosed with two cancers [ 28 ,  101 ]. 

    Rare Cancers that Have a Special Association with PJS 

 Several cancers have a special association with PJS. In female PJS patients these 
include a rare tumor of the cervix called adenoma malignum (ADM) and a rare 
tumor of the ovary known as sex cord tumor with annular tubules (SCTATs). In 
male PJS patients the corresponding tumors to SCTATs are Sertoli cell testicular 
tumors. ADM and SCTATs sometimes occur in association with one another; eight 
patients with both SCTATs and ADM have been reported [ 151 ]. Therefore, patients 
presenting with either SCTATs or ADM should be carefully followed for develop-
ment of the other.  

     Adenoma Malignum (ADM)   

  ADM   is a very rare, highly differentiated adenocarcinoma of the endocervical 
glands. The number of female PJS patients who develop ADM is low, probably 5 % 
or less. Several large case series of PJS patients have not reported a single case [ 25 ]. 
About 10 % of patients with ADM have PJS [ 152 ]. 

 Patients with ADM present with a watery vaginal discharge or vaginal bleeding. 
Establishing the diagnosis of ADM can be diffi cult. On examination the cervix has 
alternatively been described as being normal, having a fi rm or nodular appearance, 
or resembling a polypoid mass [ 153 ]. Papanicolaou smear or cervical biopsy can be 
diagnostic in some but not all cases [ 153 ]. Imaging studies show multiple cervical 
cysts [ 153 ,  154 ]. 

 Histologically, ADM closely resembles normal endocervical glands and for this 
reason it is sometimes referred to as a  minimal deviation adenocarcinoma . Histological 
clues to the diagnosis of ADM include an associated desmoplastic response, nuclear 
atypia, deep invasion of the cervical wall, and identifi cation of a focus of undifferen-
tiated adenocarcinoma. Using a standard criteria for ADM, the diagnosis of ADM has 
been found to be reproducible between pathologists [ 155 ]. Staining with Alcian blue 
periodic acid Schiff and with the HIK1803 monoclonal antibody to gastric gland 
mucous cell-mucin endocervical glands has been reported to help make the distinc-
tion between ADM and normal endocervical glands [ 156 ,  157 ]. 

 Surveillance for ADM should include a yearly gynecological exam with 
Papanicolaou smear and pelvic ultrasound (Table  9.9 ). If the diagnosis of ADM is 
suspected or confi rmed, the patient should be referred to a gynecologic oncology 
surgeon. In the most recent series of ADM patients, published 5-year survival was 
60 % [ 155 ].
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        Sex Cord Tumors with Annular Tubules (SCTATs)   

 Most female PJS patients of reproductive age have ovarian cysts. It is unclear how 
many of these represent physiological cysts versus stable  SCTATs  . The authors 
 estimate about 10 % of female PJS patients will develop SCTATs that require 
 surgery. About one-third of patients with SCTATs have PJS [ 158 ]. 

 Histologically, SCTATs are either simple or complex tubules lined by cells with 
peripherally placed nuclei that surround a hyaline-fi lled lumen. PJS-associated 
SCTATs are bilateral, multifocal, often microscopic, and contain focal  calcifi cations. 
Sporadic SCTATs are large and unilateral. PJS-associated SCTATs have a low 
malignant potential and a good prognosis. Only two cases of malignant SCTATs 
have been reported in PJS patients [ 159 ,  160 ]. 

 PJS patients with SCTATs usually present with an asymptomatic adnexal cyst or 
mass identifi ed by cancer surveillance testing. SCTATs sometimes produce estro-
gen, causing precocious puberty. Most PJS patients with SCTATs are young. A 
 conservative approach with preservation of fertility and avoidance of surgical 
menopause is recommended [ 161 ]. PJS patients with known or suspected SCTATs 
should be referred to both a gynecologic oncology surgeon and a reproductive 
endocrinologist.  

     Sertoli Cell Testicular Tumors      

   These tumors probably are the corresponding male tumor to the SCTATs seen in 
female PJS patients. The authors’ experience is that most male PJS patients will 
have bilateral multifocal testicular calcifi cations on testicular ultrasound consis-
tent with asymptomatic Sertoli cell testicular neoplasia (Fig.  9.22 ). These lesions 
rarely progress to  invasive large calcifying Sertoli cell tumors (ILCST)  , and only 
six cases of ILCST have been reported in PJS patients [ 162 ]. ILCST patients 
 typically present as children with testicular enlargement or prepubertal gyneco-
masty (ages ranging from 1 to 14 years, Table  9.8 ) [ 162 ]. (Sertoli cells express 
aromatase, which converts testosterone to an estrogen precursor, causing prepu-
bertal gynecomasty.)

   Yearly surveillance with testicular ultrasound for ILCST is recommended 
(Table  9.9 ). The authors do not recommend routine testicular biopsy of asymptom-
atic PJS patients with microcalcifi cations on testicular ultrasound. Historical treat-
ment has been orchiectomy, but as with SCTATs, given the usually benign nature of 
these tumors in PJS patients, conservative observation of asymptomatic non-large 
calcifying tumors is recommended [ 162 ]. There is a single report of successful 
treatment with the aromatase inhibitor anastrozole and use of inhibin-alpha as a 
tumor marker [ 163 ].    

D. Riegert-Johnson



145

     Table 9.9    Peutz-Jeghers syndrome management protocols   

 Organ  Mayo Clinic (Jacksonville, Rochester, USA) 

 Multi system and 
lifestyle modifi cation 

 Birth. Annual history and physical examination 
 18 years. Annual hemogram, electrolytes, and hepatobiliary tests. 
Patients should be counseled on smoking cessation, alcohol intake, 
exercise, and weight loss as indicated. 

 Breast  18 years. Monthly breast self exam 
 25 years. Clinical breast exam semiannually and annual mammography 
with the option of breast MRI for dense breasts, discuss prophylactic 
mastectomy 

 Stomach  8 years. Baseline upper endoscopy 
 18 years. Annual extended upper endoscopy using a pediatric 
colonoscope 

 Small intestine  8 years. Screening upper endoscopy and MR enterography. Follow-up 
variable depending on fi ndings. 
 18 years. Annual extended upper endoscopy using pediatric 
colonoscope. MR enterography every 1–3 years depending on fi ndings. 
Follow-up DBE if any polyps greater than 1.0 to 1.5 cm identifi ed by 
MR enterography 

 Colon  18 years. Initial colonoscopy. Screening interval is determined by 
presence of polyps. If colon polyps present, screening interval is 1 
year; if no polyps, then screening interval is 2 years. 

 Pancreas  18 years. Annual MR of the abdomen and CA19-9 
 Lung  18 years. Annual chest radiograph 

  Fig. 9.22    Testicular ultrasound of a PJS patient showing multifocal microcalcifi cations consistent 
with Sertoli cell testicular neoplasia       

(continued)
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    Other Cancers and Neoplasia Associated with PJS 

 Cancers and other neoplasia associated with PJS and reported as a single case or as 
a few cases are shown in Table  9.10 .

        Cancer Surveillance Protocols 

  Cancer surveillance is standard of care for PJS patients. However, no cancer sur-
veillance protocol has been shown to decrease cancer incidence or increase survival 
in PJS patients. Highlighting the limitations of surveillance, only one of 96 cancers 
was identifi ed in a surveillance program in the largest cohort of PJS patients reported 
to date [ 28 ]. It was not reported how many patients were under surveillance or what 
surveillance protocol was used. 

 There is no consensus or organization-approved guideline for  cancer surveil-
lance   in PJS patients. Table  9.9  summarizes the PJS cancer surveillance and man-
agement protocols used at Mayo Clinic Florida [ 164 – 166 ]. The University of 
Edinburgh, Danish polyposis registry, and the University of Newcastle (Australia) 
have also published protocols [ 129 ,  167 ,  168 ]. Whichever protocol is used, it should 
be modifi ed according to available resources, an individual patient’s disease mani-
festations, psychosocial situation, and personal preferences (see footnote 1).   

    Screening of At-Risk Individuals 

 At-risk groups for PJS include the children and other relatives of PJS patients. For 
other hereditary cancer syndromes (e.g., Lynch syndrome), there are many indi-
viduals at risk for whom the diagnosis can neither be proved nor disproved. These 

 Organ  Mayo Clinic (Jacksonville, Rochester, USA) 

 Ovary  18 years. Annual MR of the pelvis, transvaginal ultrasound, serum 
CA-125, discuss prophylactic hysterectomy and oophorectomy 

 Cervix and uterus  18 years. Annual MR of the pelvis, transvaginal ultrasound, pelvic 
exam with Pap smear by a gynecologist, discuss prophylactic 
hysterectomy and oophorectomy 

 Testicles  Birth. Annual examination and ultrasound of the testicles 
 Nasopharynx  18 years. Annual screen for symptoms and refer to an ear, nose, and 

throat physician as indicated 

  Recommended age of initiation of testing is followed by recommended tests. There is no consen-
sus or organization-approved guideline for cancer surveillance in PJS patients. Whichever protocol 
is used, it should be modifi ed according to available resources, an individual patient’s disease 
manifestations, psychosocial situation, and personal preferences.  MR  magnetic resonance,  MRI  
magnetic resonance imaging,  DBE  double balloon endoscopy  

Table 9.9 (continued)
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 at-risk individuals   also require cancer surveillance even though it is unclear whether 
or not they are affected. However, for PJS there are very few at-risk individuals as 
the diagnosis is usually easily made by the presence of MMs and by screening for 
PJS-type intestinal polyps.  

     Small Intestine Polyp   and Cancer Surveillance 

  The purpose of small intestine surveillance in PJS is to identify polyps before they 
serve as the lead point for an intussusception, develop dysplasia, or become too 
large to remove endoscopically. The current standard for adult PJS patients is to 
remove all polyps 1.0–1.5 cm or larger. (For discussion, see  PJS-type polyps. ) For 

   Table 9.10    Neoplasia reported in a single or few Peutz-Jeghers syndrome patients   

 Neoplasia  Reference(s) 

 Gastrointestinal/Hepatobiliary 
   Appendix carcinoid (appendiceal)  [ 224 ] 
   Oral papilloma  [ 225 ] 
   Gallbladder adenocarcinoma  [ 7 ,  123 ] 
   Bile duct (cholangiocarcinoma)  [ 89 ,  100 ] 
   Biliary hamartoma of the liver  [ 226 ] 
   Esophageal adenocarcinoma  [ 227 ] 
 Breast/Ovarian/Fallopian 
   Male breast cancer  [ 28 ] 
   Ovarian gonadoblastoma  [ 228 ,  229 ] 
   Lobular breast cancer occurring in the setting of a fi broadenoma  [ 147 ] 
   Malignant Mullerian tumor of fallopian tube  [ 230 ] 
   Mucinous cystadenoma of the fallopian tube  [ 231 ] 
   Endometrial stromal sarcoma  [ 203 ] 
 Pancreas 
   Pancreatic cystadenocarcinoma  [ 145 ,  146 ] 
   Papillary adenoma of the pancreatic duct  [ 226 ] 
   Villous adenoma of the pancreatic duct  [ 89 ] 
 Other 
   Cervical adenocarcinoma  [ 130 ] 
   Ganglioglioma  [ 232 ] 
   Prostate cancer  [ 26 ] 
   Multiple myeloma  [ 27 ] 
   Tonsillar cancer  [ 89 ] 
   Renal cancer  [ 100 ,  233 ] 
   Melanoma  [ 112 ,  113 ] 
   Thyroid cancer  [ 25 ,  26 ] 
   Bronchoalveolar  [ 234 ] 
   Osteosarcoma  [ 7 ] 
   Leiomyosarcoma  [ 158 ] 
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pediatric patients, polyp management is individualized depending on symptoms, 
age, previous surgeries, location, and size of the polyp(s) in question, and available 
resources. 

 The small intestine can be screened for polyps using magnetic resonance (MR) 
and CT enterography and enteroclysis, capsule endoscopy, and small intestine 
X-ray (Figs.  9.23 ,  9.24 , and  9.25 ). The characteristics of small intestine polyp 
screening tests are shown in Table  9.11 .

  Fig. 9.23    CT enteroclysis study of a 29-year-old Peutz-Jeghers syndrome patient showing several 
large jejunal polyps       

  Fig. 9.24    CT enterography study of a Peutz-Jeghers syndrome patient showing 1.2 cm jejunal polyp       
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      Mayo Clinic recommends MR enterography for small intestine surveillance. It 
has adequate sensitivity for 1.5 cm polyps, surveys the extraluminal abdominal 
organs, and does not involve exposure to radiation [ 169 ,  170 ]. MR enterography is 
not widely available, so screening with CT enteroclysis or enterography are accept-
able alternatives. CT enteroclysis is also used at Mayo Clinic. In the authors’ opin-
ion, it provides the highest quality images but is associated with radiation exposure 
and the discomfort of a naso-small intestine tube. Patients should be forewarned 
that CT and MR enteroclysis require insertion of a naso-small intestine tube that is 
unpleasant for all and not tolerated by some. 

 Few studies have compared the different techniques for detecting small intestine 
polyps. One study showed similar information was gained from enteroclysis and 
enterography techniques for both CT and MR, but small intestine polyp detection 
was not specifi cally studied [ 171 ]. Other studies in PJS patients have shown MR 

  Fig. 9.25    Capsule 
endoscopy image from a 
Peutz-Jeghers syndrome 
patient showing small 
intestine polyp. Courtesy 
Mark Stark, MD, Mayo 
Clinic, Jacksonville       

   Table 9.11    Characteristics of small intestine imaging tests   

 Imaging study 
 Small intestine 
polyp detection 

 Radiation 
exposure [ 191 ] 

 Naso- intestinal 
tube 

 Extraluminal 
imaging 

 MR enterography  ++  None  No  Yes 
 MR enteroclysis  ++  None  Yes  Yes 
 Barium study  +  +  No  No 
 Capsule endoscopy  +++  None  No  No 
 CT enteroclysis  +++  ++  Yes  Yes 
 CT enterography  ++  ++  No  Yes 

  MR enterography is preferred by the Mayo Clinic for small intestine polyp surveillance in Peutz- 
Jeghers syndrome patients. Other tests or combinations of other tests are also acceptable. 
Characteristics of tests taken from references and the authors’ experience [ 169 ,  170 ].  MR  magnetic 
resonance,  CT  computed tomography  
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enterography and capsule endoscopy equivalent in identifying small intestine 
 polyps greater than 1.5 cm and that capsule endoscopy detects more polyps than 
small intestine X-ray [ 172 ,  173 ].   

    Pancreatic Cancer Surveillance 

    Background 

 More than 90 % of sporadic and PJS-associated pancreatic cancers are pancreatic 
ductal adenocarcinomas. Pancreatic cancer in a PJS patient was fi rst reported in 
1957, and an increased  incidence   of pancreatic cancer in PJS patients was reported 
in 1987 [ 27 ,  174 ]. Eighty-fi ve percent of PJS patients with pancreatic cancer are 
diagnosed over the age of 40 (ranging from 16 to 91 years old) (Table  9.8 ). The 
cumulative lifetime risk of pancreatic cancer for PJS in the study with the most 
patient follow-up was 11 % [ 28 ]. 

 The most quoted estimate of the lifetime pancreatic cancer risk in PJS is 40 %. 
This comes from a 36 % estimate reported in a review of six published case series 
published in 2000 [ 98 ]. This may be an overestimate due to selection bias. In that 
study, six cases of pancreatic cancer were reported in a total of 201 patients. One 
study included in the analysis contributed 31 of the 201 patients and a very dispro-
portionate four of the six pancreatic cancer cases. Other studies have not confi rmed 
the high pancreatic cancer risk reported in 2000. As noted above, the most compre-
hensive natural history study of PJS found an 11 % risk, and a study of 147 PJS 
patients with proven  LKB1  mutations published in 2006 identifi ed no cases of pan-
creatic cancer [ 99 ,  175 ]. No PJS patient followed at Mayo Clinic has ever been 
diagnosed with pancreatic cancer. Other than selection bias, another explanation for 
the different rates of pancreatic cancer reported is that populations under intensive 
surveillance for colon and other preventable cancers may have a higher rate of pan-
creatic cancer because of the low number of deaths due to colon and other cancers. 

 Pancreatic cancer has the worst prognosis of any of the PJS-associated cancers. 
The  median lifespan   for sporadic pancreatic cancer patients treated with neoadjuvant 
therapy is 9–11 months [ 176 ]. Less than 5 % of pancreatic cancer patients are long-
term survivors (>5 years). No PJS patient has been reported to be a long-term survivor 
of pancreatic cancer. A review of 14 PJS patients diagnosed with pancreatic cancer 
found surgery was attempted in only three; the remaining 11 are assumed to have died 
of pancreatic cancer. Of the three surgically managed patients, one had locally 
advanced disease and is assumed to have died from pancreatic cancer. The two 
remaining patients had pancreatic cystadenocarcinoma, a rare tumor of the  pancreas 
associated with a better prognosis than pancreatic ductal adenocarcinoma [ 145 ,  146 ]. 

 The only chance for cure of pancreatic cancer is early surgery in the narrow 
 window of resectability prior to the development of locally advanced or metastatic 
disease. Therefore, any successful screening test for pancreatic cancer must be able 
to identify a premalignant lesion or cancer in the narrow time window when surgical 
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cure is possible. Two candidates for the premalignant lesion of pancreatic cancer in 
PJS are pancreatic intraepithelial neoplasia ( PanINs     ) [ 177 ] and  intraductal papillary 
mucous neoplasms (IPMNs)   [ 178 ]. PanINs are microscopic areas of intraductal 
 neoplasia and are graded from low (grade 1) to high grade dysplasia (grade 3). Only 
PanINs-3 are clearly associated with pancreatic cancers; PanINs-1 and -2 can be 
seen in normal pancreas parenchyma and in acute and chronic pancreatitis.    PanINs 
cannot be reliably detected on imaging, and  IPMNs   have a cystic mucinous compo-
nent that may be detected by imaging. 

 Although both PanINs and IPMN have been reported in individual PJS patients, 
it is unclear which one, if either, is the premalignant lesion of PJS-associated pan-
creatic cancer. Limited molecular evidence supports the conclusion that IPMNs are 
a manifestation of PJS. A study of IPMNs from two PJS patients showed LOH at 
the  LKB1  locus [ 178 ].  

    Screening Tests 

  Potential  screening tests   for pancreatic cancer include serum CA19-9 and imaging 
studies including CT, MRI (magnetic resonance imaging), and endoscopic ultrasound 
(EUS). CA19-9 is the only blood-based pancreatic cancer biomarker in use. The posi-
tive predictive value of CA19-9 is 59 % in patients undergoing imaging of the pancreas 
and 0.9 % in the general population [ 179 ,  180 ]. CA19-9 is of limited value as it usually 
is only elevated when the tumor is unresectable. The value of  CA19-9 testing   in PJS 
patients has never been reported, and the American Society for Clinical Oncology does 
not recommend that CA19-9 be used for screening in the general population [ 181 ]. 
Other serum biomarkers proposed for pancreatic cancer detection include glucose 
intolerance [ 182 ], serum RCAS1 [ 183 ], PGK1 [ 184 ], REG4 [ 185 ], and CEACAM1 
[ 186 ]. The utility of these biomarkers in PJS has not been reported. 

 Pancreatic cancer imaging screening strategies for high-risk groups, including 
PJS patients, were recently reviewed by Canto [ 187 ]. Limited data is available 
 concerning CT and EUS screening in the PJS patients from two studies. A third 
 collaborative multisite EUS-CT study for pancreatic cancer surveillance in high-
risk groups, including PJS patients, is ongoing. The fi rst study of CT and EUS 
screening for pancreatic cancer in high-risk individuals included six PJS patients. 
One PJS patient had a cystic lesion identifi ed in the head of the pancreas by both 
EUS and CT [ 188 ]. This patient underwent a pancreatic duodenectomy and was 
found to have an IPMN with carcinoma in situ. In a second high-risk pancreatic 
cancer CT and EUS study, a mass was identifi ed in the pancreatic head of a PJS 
patient by CT and EUS [ 177 ]. The patient had a pancreatic duodenectomy, and 
pathology showed diffuse grade 1–2 PanINs  without  evidence of pancreatic cancer. 
The limitations of EUS were further shown in a study of interoperator variability in 
interpreting surveillance EUS studies performed on hereditary pancreatic cancer 
syndrome patients including PJS [ 189 ]. There was signifi cant interoperator variability 
for features other than cysts. There are no reports of the value of MRI screening in 
PJS patients. 
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 Two studies of the effectiveness of pancreatic cancer screening in PJS or similar 
populations have been published. A Markov model analysis studied surveillance 
strategies for patients with hereditary pancreatic cancer [ 190 ]. Approaches studied 
included “do nothing,” total pancreatectomy, EUS, and EUS with fi ne needle aspira-
tion. The “do nothing” approach provided the longest number of years of life. The 
second study, a review and cost-effectiveness evaluation of pancreatic cancer 
screening specifi cally in PJS, found that EUS screening was not cost-effective and 
recommended it only be performed on a research basis [ 166 ]. 

 In summary, all pancreatic cancer screening tests have signifi cant limitations, and 
it is unclear if any of them, or any combination of them, would decrease pancreatic 
cancer mortality and morbidity in PJS patients.   

     Recommendations   

 St. Mark’s Hospital recommends no screening. Mayo Clinic and Johns Hopkins 
Hospital recommend CA19-9 in combination with MRI or EUS evaluation, respec-
tively. The Mayo Clinic protocol recommends MRI over EUS because of the low 
specifi city and interobserver variability with EUS. In contrast to EUS, MRI surveys 
the entire abdomen, does not require sedation, and has less interobserver variability. 
However, MRI is not as sensitive as EUS and is less likely to identify premalignant 
lesions and pancreatic cancers when they are small enough to still be cured by 
surgery. 

 In reference to MRI versus CT, all pancreatic neoplasms identifi ed in PJS 
patients participating in the EUS/CT studies over time have been seen by CT and 
should also be seen by MRI. A key benefi t of MRI over CT in younger PJS patients 
is that MRI does not expose the patient to possibly carcinogenic doses of ionizing 
radiation [ 191 ].   

    Chemoprevention and Chemotherapy 

    COX-2 Inhibitors 

 Chemoprevention using the COX-2  inhibitor   celecoxib has been studied in the 
 lkb1 +/- PJS mouse model and in PJS patients.  Lkb1 +/- mice treated with celecoxib 
have both a decrease in the formation of new polyps and the size of preexisting 
polyps [ 61 ]. In the only study of chemoprevention in PJS patients, 6 patients were 
treated for 6 months with celecoxib 200 mg twice daily [ 61 ]. The primary endpoint 
was decrease in gastric polyps as assessed by endoscopy. Two of six patients had a 
signifi cant decrease in gastric polyps at the end of the study. 

 The authors do not recommend treating PJS patients with celecoxib or other 
COX-2 inhibitors. This recommendation is based on the lack of any data showing 
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COX-2 inhibitors impact any clinically signifi cant endpoint (e.g., cancer, intussus-
ception), advances in endoscopic therapy for PJS polyps, and the increased risk of 
myocardial infarction and stroke associated with COX-2 inhibitors [ 192 ].  

    Selective Estrogen Receptor Modulators (SERMs) 
and Prophylactic Oophorectomy 

 Tamoxifen and raloxifene are selective estrogen receptor modulators ( SERMs  )   . 
 Tamoxifen   is effective for primary and secondary breast cancer prevention in high- 
risk patients [ 193 ]. In a case-control study of  BRCA 1/2 patients who had had breast 
cancer, tamoxifen reduced a second contralateral breast cancer by 75 % [ 194 ]. 

 Presumably, tamoxifen decreases breast cancer risk by blocking the action of 
estrogen. However, data from BRCA1/2 patients is mixed on whether tamoxifen 
decreases the incidence of ER-expressing breast cancers or all breast cancers [ 195 , 
 196 ]. In the one case of PJS-associated breast cancer where tumor estrogen receptor 
status was reported, the tumor did not express estrogen receptors [ 197 ]. 
Chemoprevention of breast cancer in PJS using SERMS has not been reported. 

 In retrospective and prospective studies, prophylactic oophorectomy decreases 
breast cancer in  BRCA 1/2 mutation carriers [ 198 ,  199 ].  Prophylactic oophorectomy      
for breast cancer prevention has not been reported in PJS. Side effects of SERMs 
and oophorectomy include deep venous thrombosis, infertility, and osteoporosis. 
Given these adverse side effects and that their effi cacy in PJS is unproven, the 
authors do not recommend SERMs be used for chemoprevention in PJS patients.  

     Rapamycin and Rapalogs   

  The cause of PJS MMs, polyps, and cancers are DNA mutations in the  LKB1  gene, 
resulting in decreased function or absence of the LKB1 protein. Decreased LKB1 
function results in more signaling through the mTOR (mammalian target of rapamy-
cin) pathway. Drugs that suppress signaling through the mTOR pathway are called 
rapalogs. Rapamycin was the fi rst mTOR inhibitor identifi ed and so this eponymous 
class of drugs [ 200 ]. 

 Mice with lack of function in the mouse gene corresponding to the human  LKB1  
gene have been treated with rapamycin ( lkb1 +/- mice) [ 201 ]. In one study, 50 mice 
were treated with rapamycin and 50 mice were not (controls). Mean polyp weight 
was much less in the mice treated with rapamycin (mean 203 gm vs, 323 gm, 
 p  = 0.0001). 

 Patients with PJS have also been treated with rapalogs. RAD001, also known as 
everolimus, is a rapalog approved in the USA for the treatment of cancers and sup-
pression of the immune system after organ transplantation. An open label clinical 
trial of RAD001 for treatment and prevention of PJS polyps was conducted at the 
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University of Utah (NCT00811590) [ 202 ]. The study began in November of 2008 
and ended in March of 2011. Three patients, all female, completed 12 months of 
treatment with RAD001. The investigators were unable to enroll more patients as 
the study criteria only allowed them to enroll patients who had not had a history of 
cancer, and many PJS patients have had a history of cancer. The initial dose of 
RAD001 was 10 mg by mouth daily. All three patients developed stomatitis and the 
dose for all of them was changed to 10 mg by mouth every other day. With data from 
only three patients the investigators could not determine if the effect, if any, of 
RAD001 on PJS polyps. 

 There are two reports of PJS patients with cancer being treated with RAD001. 
One patient was a 46-year-old woman with PJS and endometrial stromal sarcoma 
[ 203 ]. She was treated with RAD001, other chemotherapy drugs, radiation, and 
surgery. There was no clinical response to RAD001 and the patient died about 30 
months after diagnosis. The other patient was also 46 years old and was a man with 
acinar cell pancreatic cancer [ 204 ]. This patient had partial response to RAD001 at 
3 and 6 months, but follow-up at 9 months showed progressive disease. His physi-
cians noted a decrease in colon polyp growth with RAD001 treatment. Further 
 follow- up was not reported for this patient.   

    Metformin 

  Metformin   has been shown to inhibit mTOR activity in breast cancer cells but was 
unable to inhibit mTOR in cells lacking  LKB1  [ 205 ]. Based on this data, it is unclear 
how effective metformin would be in PJS patients who are germline haploinsuffi -
cient for  LKB1  and in PJS neoplastic tissue that does not express  LKB1 .  

    Prophylactic Surgery 

  Prophylactic surgery   has been shown to be effective in patients with Lynch syn-
drome and the  BRCA 1/2 syndromes [ 206 ,  207 ]. Prophylactic surgery in PJS patients 
has not been reported. The authors review the option of prophylactic bilateral mas-
tectomy, hysterectomy, and oophorectomy with female PJS patients.  

    Lifestyle Modifi cation 

  Lifestyle factors   including excess weight, lack of exercise, smoking, and alcohol 
use are risk factors for the cancers associated with PJS. Although no study of PJS 
patients has shown that modifi cation of these risk factors reduces cancer risk, all 
PJS patients should be advised to adopt a healthy lifestyle.      
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    Chapter 10   
 Hereditary Mixed Polyposis Syndrome                     

       Veroushka     Ballester-Vargas      and     Ian     Tomlinson     

          Introduction 

 Hereditary cancer syndromes are generally the result of high-penetrance germline 
mutations in genes that directly restrain uncontrolled growth or preserve the integrity 
of the genome. A number of such syndromes exist that have colorectal cancer (CRC) 
and/or polyps as their primary feature. Examples (with their genes) include Lynch 
syndrome ( MSH2, MLH1, MSH6, PMS2 ), familial adenomatous polyposis ( APC ), 
Peutz-Jeghers syndrome ( STK11 ), and juvenile polyposis syndrome (JPS) ( SMAD4, 
BMPR1A ), among others. Each syndrome is associated with distinctive clinical phe-
notypic features as well as tumors of a particular morphology [ 1 ,  2 ]. Hereditary mixed 
polyposis syndrome (HMPS) is a rare CRC syndrome that is inherited in an autoso-
mal dominant fashion. It does not have a pathognomonic clinical phenotype, but the 
patients develop colorectal polyps of several different histological types, including 
individual tumors that combine different morphologies. HMPS polyps include atypi-
cal juvenile polyps, adenomas, and a variety of serrated/hyperplastic polyps [ 3 ]. 

 HMPS was fi rst described in a large Ashkenazi kindred, St. Mark’s family 96 
(SM96), who had a dominantly inherited predisposition to multiple large bowel 
polyps and early onset CRC. Many questioned whether these patients had an atypi-
cal variant of an established polyposis syndrome, or a distinct disorder [ 2 ]. The 
disease in this pedigree was found not to be linked to loci associated with other 
polyposis syndromes such as  APC  or mismatch repair genes (MMR genes)  MLH1 , 
 MSH2 ,  MSH6 , or  PMS2 , and its phenotype did not include extracolonic features [ 3 ]. 
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These fi ndings provided support for a distinct syndrome. A molecular diagnosis was 
ultimately needed for the characterization of this syndrome. Initially, studies 
mapped the  HMPS  locus to chromosome 6q16-21 [ 4 ]. More recently, progress was 
made regarding the molecular mechanisms underlying HMPS showing that the 
HMPS gene is not located at 6q16-61 as previously thought, but at 15q13-q14 
(Fig.  10.1 ).

       Clinico-Pathological Features of Hereditary Mixed Polyposis 
Syndrome 

 The SM96 pedigree was followed for nearly 40 years. It consisted of more than 20 
second degree generation, 64 third generation, 102 fourth generation, and 42 fi fth 
generation individuals [ 2 ]. Individuals from this pedigree presented at a median age 
of 40 years (range 23–65 years) [ 2 ].  Clinical presentation c  onsisted of changed 
bowel habit, passing blood per rectum, abdominal pain, obstruction, or anemia [ 2 ]. 
The median age at diagnosis of CRC was 47 years (range 32–74 years) [ 2 ]. 

  Fig. 10.1    Pedigrees and phenotypes of some HMPS families showing variation in the phenotype 
and sometimes relatively mild clinical features       
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 On colonoscopic examination, affected individuals presented with a combina-
tion of polyp histologies including atypical juvenile polyps, which are perhaps the 
most characteristic tumors, but also adenomatous and hyperplastic polyps. Affected 
individuals had no upper gastrointestinal or extraintestinal manifestations. 

 To describe the characteristics of polyps in individuals with HMPS, 159 from the 
SM96 pedigree were evaluated and classifi ed according to the World Health 
Organization of Morson and Sabin [ 5 ]. Individuals with HMPS usually presented 
with less than 15 polyps at initial endoscopic evaluation, although the number of 
polyps varied among patients. The polyps were distributed throughout the colon, as 
were the CRCs. Metachronous and synchronous polyps of different histopathologic 
types were identifi ed. Examples are shown in Fig.  10.2 .

       Molecular Features and Genetics 

 The classifi cation of individuals with  HMPS      was challenging, particularly when 
these individuals did not present with a characteristic phenotype and/or had syn-
chronous and metachronous polyps of various histopathologic types. In an effort to 
assess whether these patients had an atypical presentation of an already established 
polyposis syndrome, or a distinct disorder, molecular diagnosis was needed for fur-
ther classifi cation. Initial linkage analysis on SM96 pedigree excluded most of the 
mutations at candidate loci, which were known to be associated with hereditary or 
sporadic colorectal tumors, as the cause of HMPS [ 2 ]. Linkage of the HMPS locus 
to the FAP locus,  APC , as well as other candidate loci, including  MSH2 ,  TP53 , and 
 DCC , were excluded on the basis of logarithm of the odds (LOD) score [ 2 ], a LOD 
score of >3.0 conventionally being considered evidence of genetic linkage between 
the disease and the test loci [ 2 ]. 

 Data from previous studies initially mapped the HMPS locus to chromosome 
6q16-q21 [ 4 ]. A genetic linkage analysis was performed on 46 members of the 
HMPS kindred, SM96. This analysis showed that the only signifi cant positive LOD 
score was found at the D6S283 locus on chromosome 6q [ 4 ]. SM96 was subse-
quently retested. A genome wide linkage screen was performed in the SM96 kin-
dred, which confi rmed that HMPS and 6q16-q21 alleles did not co-segregate [ 6 ]. 
However, the genome wide screen showed that the only site in the genome with 
evidence of linkage to HMPS was on chromosome 15q13-q21 [ 6 ]. 

 Individuals from another Ashkenazi kindred SM1311 had a similar phenotypic 
presentation to HMPS. Affected members of  SM1311      presented with polyps of 
multiple histopathological types and CRC, throughout the colon, without evidence 
of extracolonic features. Genetic linkage and mutational analysis were done to 
locate a novel susceptibility gene in this Ashkenazi pedigree (SM1311). Genetic 
linkage analysis showed evidence for a new susceptibility gene  CRAC1 , which 
mapped to chromosome 15q14-q22 [ 7 ]. This raised the question of whether  HMPS  

10 Hereditary Mixed Polyposis Syndrome



168

  Fig. 10.2    Histopathological features of HMPS polyps. ( a ) Mixed juvenile-hyperplastic- 
adenomatous polyp. ( b ) Juvenile polyp. ( c ) Adenoma with serrated features. ( d ) Hyperplastic 
polyp. ( e ) Mixed hyperplastic-adenomatous polyp       
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and  CRAC1  might be the same locus. Jaeger et al. compared the  CRAC1  and SM96 
disease-associated haplotypes, and found that they were identical for markers 
shared within a region between microsatellite markers D15S1031 and D15S118 on 
chromosome 15, suggesting that the  HMPS  and  CRAC1  genes were the same [ 6 ]. 
Subsequently, several additional Ashkenazi families that presented with colorectal 
adenomas were examined (Fig.  10.1 ). All affected members were found to have the 
HMPS/CRAC1 haplotype between D15S1031 and D15S118, and this was rare in 
the general Ashkenazi population [ 6 ]. The data indicated that these families most 
likely shared an ancestral mutation that was responsible for their disease. 

 The causative germline mutation  for      HMPS was identifi ed by Jaeger et al. The 
authors showed that HMPS results from an unusual duplication of approximately 40 
kb upstream of the gene that encodes the bone morphogenetic protein (BMP) ago-
nist  GREM1  [ 1 ]. This duplication, which contains a variety of gene regulatory ele-
ments, causes greatly increased  GREM1  expression and ectopic expression in the 
epithelium of the colon as well as the normal location in the mesenchyme. Excess 
GREM1 is predicted to cause reduced BMP pathway activity, thus resembling the 
inactivation of BMP pathway components (SMAD4 and BMPR1A) thought to 
underlie tumor formation in JPS [ 1 ]. The ancestral Ashkenazi HMPS duplication 
can be identifi ed using a single PCR based on the fi nding that there exists a short 
unique DNA sequence between the duplicated regions. However, such testing is 
unlikely to be suffi cient, since recently, an independent, slightly smaller duplication 
upstream of  GREM1  has been reported in a northern European family without 
known Jewish ancestry. 

 The molecular pathways of polyp formation and progression to cancer in HMPS 
are not well characterized.  GREM1  does not appear to be a tumor suppressor, but a 
“landscaper” gene that alters the microenvironment to make it permissive for 
colorectal tumorigenesis. The available evidence suggests that the initial HMPS 
lesion is usually a hyperplastic polyp that carries a somatically acquired  KRAS  or 
 BRAF  mutation (Fig.  10.3 ). This may become dysplastic owing to  APC  mutations 

  Fig. 10.3    Somatic KRAS mutations variably present in different areas of an HMPS polyps       
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and progress to carcinoma. Whether juvenile polyps can develop without the 
requirement for further somatic mutations remains unclear.

       Overlap Between HMPS and Juvenile Polyposis 

 Given their related functional gene defects, it  is   perhaps not surprising that the phe-
notypic features of HMPS and JPS overlap, and juvenile polyps can occur in both 
syndromes. Such overlapping features are common in cancer syndromes. There are, 
however, clear differences between HMPS and JPS, including: (1) the presence of 
important extracolonic features in JPS; (2) the predominance of serrated/hyperplas-
tic polyps in HMPS; (3) the generally older age of presentation in HMPS; and (4) 
disease prevalence. Recent claims that  BMPR1A  mutations can cause HMPS [ 8 ] 
have little utility, not least because HMPS patients can also present with very simi-
lar disease to patients with germline mutations in  APC and MUYTH, NTHL1, 
POLE, POLD1 , and the MMR genes. These syndromes are best defi ned by their 
underlying mutations, even if the phenotypic features share similarities.  

    Recommendations for Surveillance in HMPS 

 For asymptomatic HMPS  mutation   carriers, the age at which screening should be 
started and the surveillance interval are unclear owing to the rarity of the disease 
and its young history as a defi ned entity still need to be elucidated. Existing data 
show that the earliest age at which polyps have been diagnosed in an affected indi-
vidual was 18 years. Therefore, it might be reasonable to start screening at the age 
of 18 years, based on the available data [ 2 ]. Currently there are no established 
guidelines for surveillance. Biennial colonoscopy is recommended based on the 
fi nding that an individual from the SM96 pedigree developed 12 adenomas in a two- 
year interval [ 2 ]. Since half of the cancers diagnosed in SM96 were found proximal 
to the mid-transverse colon, colonoscopy is considered the screening modality of 
choice [ 2 ]. Extracolonic screening is not currently recommended. Colonoscopy 
appears suffi cient to manage the polyp burden and risk of progression according to 
the limited available evidence, and prophylactic surgery is not currently 
recommended.  

    Summary 

 HMPS is a Mendelian dominant CRC predisposition syndrome, characterized by 
multiple colorectal polyps. The distinctive clinical phenotype of polyps of mixed 
histopathological type is not reliably present, and mixed polyps (e.g., 
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serrated + adenomatous, juvenile + adenomatous) can be present in other conditions. 
It is therefore recommended that duplications upstream of  GREM1  are included in 
gene panels for testing the Mendelian CRC genes, unless there is a suffi cient clini-
cal suspicion and a dominant pedigree of Ashkenazi origins, in which case early, 
focussed  GREM1  screening could be performed. Although screening and surveil-
lance algorithms still need to be elucidated, early recognition of individuals at risk 
for this syndrome will potentially help decrease morbidity and mortality of CRC, as 
early screening implementation should be effective in detecting premalignant 
lesions and early stage CRC.     
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    Chapter 11   
 Familial Adenomatous Polyposis                     

       William     Rengifo-Cam    ,     Kory     W.     Jasperson    ,     Randall     W.     Burt    , 
and     N.     Jewel     Samadder     

          Defi nition 

  FAP is an autosomal dominant disease with a prevalence of about one in 10,000 live 
births. It is classically characterized by the development of hundreds to thousands 
of adenomas in the colon and rectum that progress to colorectal cancer (CRC) in 
almost all individuals if left untreated. 

 FAP is the second most common hereditary CRC syndrome, but only a small 
fraction (<1 %) of all CRCs are due to FAP. Adequate colonoscopy surveillance and 
prophylactic colectomy has reduced the incidence of CRC cases in FAP. It typically 
presents in early adolescence and without any intervention, 95 % of patients will 
develop CRC by age 50 [ 1 ]. 

 Attenuated FAP (AFAP) is a less severe form of the same disease with a nearly 
70 % lifetime risk of CRC, characterized by later age of adenoma and CRC devel-
opment, fewer adenomas (0–100 colon adenomatous polyps with an average of 30) 
and development of more proximal  colonic   neoplasms [ 2 ].   
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    Epidemiology and Clinical Presentation 

 The highest  incidence   of CRC is in Western and industrialized countries. About 
85 % of CRCs are sporadic and 15 % are considered to be familial with FAP 
accounting for less than 1 %. Nonetheless, FAP is one of the highest risk, best 
known and best understood of the inherited colon cancer conditions. There are 
many countries with FAP registries but no country has accurate nation-wide data. 

    Colonic Manifestations 

 Classic FAP is characterized by the presence of hundreds to thousands of colorectal 
adenomas of different  sizes   (Figs.  11.1 ,  11.2 , and  11.3 ) [ 3 ]. In the majority of 
patients, polyps begin to develop during childhood, mostly in the distal colon as 
small intramucosal nodules. Polyps thereafter increase in size and numbers. By ado-
lescence, polyps are usually present throughout the entire colon. Children and ado-
lescents rarely present with symptoms. CRC starts to develop a decade after the 
appearance of polyps, thus the importance of colonoscopy surveillance. Rectal 
 bleeding   or even anemia may present when the adenomas are large and numerous. 
Patients may complain of non-specifi c symptoms such as change in bowel habits, 
constipation or diarrhea, abdominal discomfort, palpable abdominal masses, or 
weight loss. Any of these symptoms may prompt colon examination that will iden-
tify multiple polyps suggestive of FAP. If the colon is left untreated, the majority of 
patients with classical FAP will develop CRC by age 50 years. Although uncom-
mon, CRC has been described in children [ 4 ].

  Fig. 11.1    Endoscopic 
view of the colon. FAP is 
characterized by the 
presence of hundreds or 
thousands of adenomatous 
polyps in the colons of 
affected individuals, which 
often start in adolescence       
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  Fig. 11.2    Endoscopic 
view of the rectum in a 
patient with FAP, 
characterized by numerous 
adenomatous polyps       

  Fig. 11.3    Gross pathology specimen from a FAP patient undergoing total colectomy and carpeted 
with thousands of adenomatous polyps. FAP is characterized by the presence of hundreds or thou-
sands of adenomatous polyps in the colons of affected individuals, which often start in 
adolescence       
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         Gastric Manifestations 

   Gastric   fundic gland polyps (FGP) develop in 90 % of patients with FAP. Although 
40 % of these lesions in FAP patients have been shown to have focal adenomatous 
features, the polyps progress to cancer in only 1 or 2 % of cases [ 5 ]. Early diagnosis of 
gastric cancer is diffi cult in part due to the large numbers of FGPs [ 6 ,  7 ]. It is well 
established that FGPs in FAP are pathogenetically distinct from sporadic FGPs. 
Morphological dysplasia in the FGP of FAP is usually preceded by mutational inactiva-
tion of the normal  APC  allele further indicating the polyp’s neoplastic potential [ 8 ].   

     Small Bowel Manifestations   

  The presence of adenomatous polyps in the second and third portions of the duode-
num and in the periampullary area has been well described (Fig.  11.4 ) [ 9 ]. It is 
estimated that they occur in 90 % of patients with FAP and often develop 10–20 
years after the appearance of colorectal polyps [ 10 ]. Spigelman created a scale for 
classifi cation of duodenal polyps, based on polyp number, size, histology, and 
severity of dysplasia (Table  11.1 ) [ 10 ]. Approximately 4–12 % of patients will 
develop duodenal/periampullary cancer within 10 years if polyps are left untreated 
[ 11 – 13 ]. Although Spigelman staging is useful to evaluate the progression of duo-
denal polyposis, cancer can present even in patients with lower Spigelman stages 
[ 11 ,  14 ]. The colorectal polyp severity cannot be used as a guide to duodenal polyp 

  Fig. 11.4    Periampullary 
region in a patient with 
FAP showing a large 
adenomatous polyp with 
beard-like extension 
developing from the 
ampulla       
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severity in individual patients as they are frequently disparate. Nonetheless, the 
coexistence of populations with severe duodenal and rectal polyposis suggests that 
environmental factors are important in phenotypic expression in FAP [ 15 ]. 
Ampullary carcinoma may present as biliary obstruction or acute pancreatitis in 
FAP patients with severe duodenal adenomatosis [ 16 ]. The main cause of cancer 
death in FAP after removal of the colon is duodenal malignancy. Thus, the aim of 
duodenal surveillance is to target individuals with more advanced duodenal polyposis 
and endoscopically remove polyps or identify early cancers [ 17 ,  18 ].

    Although, the risk of pancreatitis after routine screening and biopsy of the 
ampulla of Vater has been described [ 19 ], endoscopic treatment of severe duodenal 
polyposis in patients with FAP produces few adverse events and allows effi cient 
down staging of the polyposis. Long-term follow-up of patients so managed has 
shown little risk of invasive duodenal cancer [ 20 ]. 

 Jejunal and ileal adenomas can also be observed in patients with FAP undergoing 
push enteroscopy, double balloon enteroscopy, or capsule endoscopy, with an 
 incidence rate of 30–75 % depending on the evaluation modality [ 21 – 23 ]. Cancer 
risk in the distal small bowel is much lower than the duodenum, but it occurs and if 
there is concern for these lesions because of polyp numbers and/or size, adequate 
surveillance should be implemented.   

    Extra-Intestinal Manifestations 

 Although there are many extra-intestinal manifestations of FAP, these lesions are 
rarely malignant [ 24 ].  Gardner syndrome   (GS)    is a historical variant of FAP and 
exhibits a number of benign fi ndings including osteomas, fi bromas, desmoid tumors 
(DTs), and cutaneous lesions including pilomatricomas, sebaceous and epidermoid 
cysts [ 25 ,  26 ]. GS has also been associated with juvenile nasopharyngeal angiofi -
bromas ( JNA  ). JNA is a rare, histologically benign but locally aggressive tumor of 
the nasal cavity presenting almost exclusively in adolescent males [ 27 – 29 ]. All 
 physicians involved in the care of patients with FAP should be aware that JNA, 
although rare, is a gender-dependent extra colonic manifestation of substantial 
 consequence. Congenital hypertrophy of the retinal pigment epithelium ( CHRPE  )    
can also be associated with GS or FAP without other extra-intestinal manifestations 

   Table 11.1    Spigelman’s score and stage   

 Factor  1 Point  2 Points  3 Points 

 Number of polyps  1–4  5–20  >20 
 Polyp size in mm  1–4  5–10  >10 
 Histology  Tubulous  Tubulovillous  Villous 
 Dysplasia  Low grade  –  High grade 

  Stage 0: no polyps; Stage 1: 1–4 points; Stage 2: 5–6 points; Stage 3: 7–8 
points; Stage 4: 9–12 points  
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and is characterized by bilateral ocular lesions with depigmented halos observed 
during funduscopic examination (Fig.  11.5 ) [ 30 – 32 ]. CHRPE was considered to be 
a benign and stationary lesion, however, there have been reports of low-grade 
 adenocarcinoma arising from these lesions [ 33 ,  34 ]. Gardner syndrome is now 
 considered a historical term, and not a distinct clinical entity separate from FAP as 
it arises from  APC  mutations as other persons and families with FAP. Nonetheless, 
there are some correlations between the appearance of extra-intestinal manifesta-
tions described above and location of the causative mutation in the   APC  gene  .

   Desmoid  tumors      (benign soft tissue tumors of fi broblast growth) may develop in 
the mesentery, abdominal wall, limbs, and/or areas of scars (Fig.  11.6 ). Because 
these tumors can arise from trauma, decreased incidence of DTs has been seen with 
laparoscopic compared to open colectomy [ 35 ]. DTs affect up to 26 % of patients 
and contribute signifi cantly to morbidity and mortality [ 36 ]. Female patients appear 
to have a higher risk of DT independent of the  APC  mutation site, whereas in male 
patients the mutation site seems to correlate better with DT occurrence [ 36 ]. It has 
been shown that a multidisciplinary approach to DT treatment is important, including 
nonsteroidal anti-infl ammatory drugs, anti-estrogens, cytotoxic agents, surgery, and 
in some cases radiation therapy. DT unrelated to surgical trauma has a relatively 
poor prognosis [ 37 ].  Although      DTs are considered benign, they grow along aponeu-
rotic tissue planes and by progressive enlargement and consequent pressure and 
even encasement of gastrointestinal, urinary, nervous, or vascular tissues and 
 structures, they can be life threatening.

  Fig. 11.5    Fundus 
photography of congenital 
hypertrophy of the retinal 
pigment epithelium 
(CHRPE) lesions. One 
large and multiple 
peripheral punctiform 
CHRPE lesions       
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       Extra-Intestinal Malignancies 

 These include pancreatic mucinous adenocarcinomas, hepatoblastomas, brain 
tumors, and thyroid cancer.

•     IPMT   (intraductal papillary and mucinous pancreatic  tumor  ) has been described 
in patients with FAP [ 38 ]. It may manifest with typical symptoms of pancreatic 
tumor including epigastric pain, nausea and vomiting, weight loss, and new onset 
diabetes mellitus. Spiral computed tomography scan may reveal a large tumor in 
the pancreas and depending on the location, it may cause an upstream main 
 pancreatic duct dilatation. Endoscopic ultrasonography can confi rm these fi nd-
ings. Mucous secretion can be seen at duodenoscopy and a lesion in the main 
 pancreatic duct can be confi rmed by retrograde pancreatography. The treatment 
is pancreaticoduodenectomy [ 38 ].  

•   Compared to the general population, the risk of  hepatoblastoma   is 750–7500 
times higher in children with FAP, almost always occurring in the fi rst decade of 
life. The effectiveness of surveillance for hepatoblastoma is unclear. In a sub-
stantial fraction of sporadic HB, the disease appears to be the fi rst manifestation 
of a de novo FAP [ 39 ]. Genetic testing of  APC  should therefore be considered in 
individuals with hepatoblastomas [ 39 ,  40 ].  

•   Another variant of FAP is  Turcot syndrome  , which includes the association of 
typical FAP colorectal polyposis with the occurrence of medulloblastoma [ 41 ,  42 ]. 
Similar to GS,  Turcot syndrome   is an historical term and no longer considered 

  Fig. 11.6    An FAP patient with a 10–13 cm left neck mass and multiple growths on his back. MRI 
of the neck revealed a diffusely infi ltrating soft tissue fi brous tumor involving the upper back and 
posterior paraspinous soft tissues, consistent with a desmoid tumor       
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a separate entity from FAP. Additionally, some persons and families previously 
designated as Turcot syndrome have been found to represent Lynch syndrome, in 
which case, LS patients develop glioblastoma multiforme.  

•   Several studies have estimated the rate of  thyroid cancer   in FAP to be fi ve times 
higher than that seen in the general population [ 43 ]. The cribriform morular vari-
ant of papillary thyroid carcinoma is a rare subtype of papillary  thyroid cancer   that 
occurs most often in FAP patients with a concomitant  RAS  mutation in the tumor 
[ 44 ]. No current consensus defi nes screening for thyroid cancer in FAP. However, 
a recent  study   has shown that screening-detected cases (by ultrasound) showed 
smaller-sized cancers that required less radical therapy compared to nonscreened 
cases. Therefore, a baseline and subsequent thyroid US surveillance in all FAP 
patients should be considered, in addition to annual thyroid palpation [ 45 ,  46 ]. 
Benign thyroid lesions (hypothyroidism, nodules, cysts, goiter, thyroiditis) have 
also been reported in FAP with a female preponderance [ 43 ,  47 ].  

•    Benign cutaneous lesions   have been reported as noted above under GS. These 
include epidermoid cysts, fi bromas, and pilomatricomas. They do not appear to 
have malignant potential but may cause pain and/or cosmetic concern depending 
on size and location [ 48 ,  49 ].  

•    Craniomaxillofacial   manifestations (osteoma formation, tooth impaction, diffuse 
opacities in the skull, mandible and maxilla, scalp tumors) usually precede 
 polyposis [ 50 ]. Dental pathology observed in 17 % of individuals with FAP 
include unerupted teeth, congenital absence of one or more teeth,    supernumerary 
teeth, dentigerous cysts, and odontomas [ 51 ].  

•    Adrenal masses   were found in 7.4–13 % of individuals with FAP [ 52 ,  53 ]. These 
masses are asymptomatic adenomas and found incidentally, however, functional 
lesions and carcinoma may also occur but appear to be rare [ 54 ,  55 ].  

•   Other rare tumors that have also been described include  bilateral Sertoli cell 
tumors   of the testis [ 56 ], low-grade neuroendocrine tumors [ 57 ], mucoepider-
moid carcinoma of the parotid gland [ 58 ], gastrointestinal stromal tumor [ 59 ], 
breast fi bromatosis [ 60 ], and ovarian steroid cell tumors [ 61 ].    

     Attenuated Familial Adenomatous Polyposis (AFAP)   

    AFAP   is a less aggressive variant of FAP that is characterized by fewer colorectal 
adenomatous polyps (usually 10–100) in addition to later age of adenoma appear-
ance (mean age 44 years old) and cancer (mean age 56 years). The mutation detec-
tion rate in AFAP is lower than in classic FAP and mutations in these patients are 
most often located in the proximal and distal portions of the  APC  gene, as well as in 
certain locations of exon 9. The polyps are predominant in the proximal colon and 
are infrequent in the rectum [ 62 ,  63 ]. Due to the propensity for proximal colon 
 polyps, a sigmoidoscopy in a patient with AFAP (which often cannot be distin-
guished prior to colonoscopy) may inappropriately judge their risk of cancer to be 
low based on visualization limited to the rectosigmoid colon. Colonoscopy is the 
preferred option for screening in both attenuated and classic forms of FAP. In the 
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majority of patients, prophylactic colectomy and ileorectal anastomosis (IRA) are 
recommended at the age of 20–25 years depending on polyp number, size, and 
 histology [ 64 ]. As in FAP the most common extracolonic fi ndings are duodenal and 
gastric adenomas and FGP. Gastric and duodenal cancers also occur. Other extraco-
lonic lesions of FAP are rare, but have been described [ 64 ].      

    Differential Diagnosis 

 FAP may be distinguished from other polyposis syndromes by molecular genetic 
testing, histopathology fi ndings, and phenotypic characteristics. Hereditary disor-
ders to consider in the differential diagnosis include the following:

    1.      MUTYH-associated polyposis (MAP)   .  MAP   was fi rst described in 2002. 
 MUTYH  is a component of a base excision repair system that protects the 
genomic information from oxidative damage [ 65 ]. When the  MUTYH  gene 
product is impaired by biallelic germline mutation, it leads to the mutation of 
cancer-related genes, such as the  APC  and/or the  KRAS  genes, via G to T trans-
versions. MAP is a hereditary CRC syndrome inherited in an autosomal- 
recessive fashion. Patients can have either homozygous or compound 
heterozygous germline  MUTYH  mutations. Biallelic germline mutations of the 
 MUTYH  gene occur in 18 % of  APC  gene mutation-negative patients with an 
attenuated polyposis phenotype [ 66 ]. Colorectal surveillance starting at about 
18 years of age is recommended in MAP [ 67 ,  68 ]. The clinical features of MAP 
include the presence of 10–100 s of adenomatous polyps in the colon, and 
young-onset of CRC. The frequency of duodenal polyposis is between 4 % and 
25 % among individuals with biallelic  MUTYH  pathogenic variants; extra- 
intestinal fi ndings are also noted on occasion [ 67 ]. If an  APC  pathogenic muta-
tion is not identifi ed in a patient who has a phenotype compatible with AFAP, 
molecular genetic testing of  MUTYH  should be considered [ 69 ].   

   2.      Lynch syndrome    .  It is caused by a heterozygous germline mutation in one of 
four mismatch repair genes ( MLH1 ,  MSH2 ,  MSH6 , and  PMS2 ) or the  EPCAM  
gene causing an increased risk for CRC and other cancers (e.g., of the endome-
trium, ovary, stomach, small intestine, hepatobiliary tract, upper urinary tract, 
brain, skin). Family history of extracolonic cancers as well as microsatellite 
instability testing and/or immunohistochemistry testing on tumor tissue from a 
colon or uterine cancer may help to differentiate from AFAP especially if few 
polyps  are   present [ 70 ].  Constitutional mismatch repair defi ciency (CMMRD)   
syndrome results from biallelic germline mutations in these same genes. The 
tumor spectrum is very broad, including mainly hematological, brain, and 
intestinal tract tumors. Patients also show a variety of non-malignant features 
that are indicative of CMMRD including multiple hyperpigmented spots (café 
au lait macules) and hypopigmented skin areas, neurofi bromas, axillary and 
inguinal freckling, brain malformations, pilomatricomas, and multiple colorec-
tal adenomas mimicking AFAP [ 71 ,  72 ].   
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   3.      Peutz–Jeghers syndrome (PJS)    .  This is an autosomal dominant  inherited 
   condition, characterized by hamartomatous gastrointestinal polyposis and 
mucocutaneous pigmentation, neither of which are present in FAP/AFAP [ 73 ]. 
It is linked to mutations in the  STK 11/LKB1  gene. Patients affected by  PJS   
have an increased risk of developing a variety of cancers. Extra-intestinal 
malignancies are mostly breast cancer in women, followed closely by pancreatic 
cancer. Peutz-Jeghers polyps may result in acute gastrointestinal bleeding, 
intussusception, and bowel obstruction [ 74 ].   

   4.        PTEN hamartoma tumor syndrome (PHTS)    .  Cowden syndrome (CS), the 
most common presentation of  PHTS  , is an autosomal dominant hereditary 
 cancer syndrome causing increased risk for breast, thyroid, renal, uterine, and 
other cancers as well as benign neoplasias and neurodevelopmental concerns. 
Unlike FAP/AFAP, hamartomatous polyps (juvenile polyps, lipomas, and 
 ganglioneuromas) predominate, and colon cancer is uncommon [ 75 ].   

   5.        Juvenile polyposis syndrome (JPS)    .  It is an autosomal dominant predisposi-
tion to the occurrence of juvenile type hamartomatous polyps in the gastrointes-
tinal tract. Diagnosis of  JPS   is based on the occurrence of multiple juvenile 
polyps or any number of these polyps with family history of JPS. JPS is caused 
by mutations in  the SMAD4  or  BMPR1A genes . The  SMAD4  genotype is asso-
ciated with a more aggressive upper gastrointestinal malignancy risk [ 76 ]. JPS 
belongs to the group of hamartomatous polyposis conditions, compared to 
FAP/AFAP which are associated with adenomatous polyposis [ 76 ,  77 ].   

   6.       Hereditary mixed polyposis syndrome (   HMPS       ).  This condition is an autoso-
mal dominant disorder caused by a duplication upstream of  GREM1  gene [ 78 , 
 79 ]. It is characterized by an increased risk for colorectal tumors and cancer. 
The characteristic lesions are mixed juvenile-adenomatous colon polyps. 
However, adenomas, hyperplastic, serrated adenomas, and mixed hyperplastic- 
adenomatous polyps may also occur [ 80 ].   

   7.        Neurofi bromatosis type 1 (NF1)    .   NF1   is an autosomal dominant inherited 
 disorder characterized by both benign and malignant tumors. They exhibit  multiple 
intestinal polypoid neurofi bromas or ganglioneuromas in the small bowel, 
 stomach, and colon. Colon adenocarcinomas have rarely been reported [ 81 ].   

   8.        Serrated polyposis     (SP)     .  SP is characterized by serrated polyps distributed 
throughout the colorectum. These patients may also have synchronous colorec-
tal adenomas and CRCs [ 82 ]. A recent study suggested that the risk of extraco-
lonic cancer may also be increased including breast, ovarian, cervical, and 
prostate cancer [ 83 ,  84 ]. The genetic etiology of SP remains unknown.   

   9.       Cronkhite–Canada    syndrome       .  This is a rare acquired gastro-enterocolopathy 
of uncertain etiology and characterized by diffuse gastrointestinal polyposis 
sparing only the esophagus, ectodermal abnormalities, and an unpredictable but 
often fatal clinical course. The disease may demonstrate extremely diverse 
 clinical and endoscopic features [ 85 ]. Comprehensive treatment led by cortico-
steroids can result in partial remission of clinical symptoms [ 86 ].   

   10.     Nodular lymphoid hyperplasia.  It is a very rare disease characterized by a 
diffuse  nodular lymphoid hyperplasia   of the gastrointestinal tract resulting in 
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diffuse detectable small polypoid masses distributed in the small intestine, 
colon, or both. It may be associated with common variable immunodefi ciency 
syndrome [ 87 ,  88 ].   

   11.     Lymphomatous polyposis.  The gastrointestinal tract is the predominant site of 
extranodal non-Hodgkin lymphomas. Multiple  lymphomatous polyposis   is a 
type of appearance of mantle cell lymphoma. It is characterized by multiple 
polypoid lesions involving long gastrointestinal tracts and it accounts for only 
approximately 1–2 % of non-Hodgkin lymphomas [ 89 ,  90 ].   

   12.      Infl ammatory polyposis    .  These are acquired, non-neoplastic polyps associ-
ated with infl ammatory bowel disease.   

   13.     Sporadic colorectal tumors.  The majority of  sporadic colorectal tumors      have 
been associated with a somatic pathogenic mutation in the  APC  gene that is 
believed to occur early during tumorigenesis.      

    Genetics and Diagnosis 

  Both, FAP and AFAP are caused by germline mutations in the  APC  gene, which 
encodes the tumor suppressor protein APC, recognized as an important part of the 
WNT signaling cascade [ 91 ]. Genetic testing of  APC  should be considered when 
more than ten adenomatous colon polyps are found at a single examination or over 
time. Detection rate of  APC  mutations is strongly associated with polyp numbers [ 92 ]. 
Other fi ndings that may suggest the presence of  APC  mutation include family history 
of CRC or colonic polyposis, onset of polyps and CRC at younger ages, and extraco-
lonic fi ndings [ 93 ]. However, 30 % of newly diagnosed FAP are due to de novo  APC  
mutations. Several studies have evaluated a genotype–phenotype correlation, 
 suggesting that the location of the mutation within the  APC  gene is associated with the 
severity of colonic polyposis and the presence of extra-intestinal manifestations 
including desmoid tumors and CHRPE [ 94 ]. Although there are no formal recom-
mendations on the use of genotype–phenotype correlations in the management of 
patients with germline  APC  mutations, it has been suggested that mutation analysis 
might predict severity of polyposis and be helpful in the surgical decision [ 95 ]. 

 A  genetic diagnosis   of FAP and AFAP depends on fi nding a disease-causing 
mutation in the  APC  gene. Greater than 100 colonic adenomas is often used as the 
cutoff for determining the “classic” form of FAP while AFAP is often suspected 
when less than 100 adenomas are found in a person with an  APC  mutation. But 
AFAP can overlap with classic FAP and with MAP [ 69 ]. Therefore, genetic testing 
is necessary in order to differentiate AFAP and FAP from MAP because the tumor 
risks and inheritance patterns are different. 

 The possibility of detecting an  APC  pathogenic variant depends on the severity of 
colonic polyposis and family history. Several reports have shown higher detection 
rates in individuals with classic polyposis than in attenuated colonic phenotypes [ 67 , 
 96 – 98 ] and higher in individuals with other relatives affected with polyposis com-
pared to de novo cases without family history in the previous generation [ 99 – 101 ]. 
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In fact, less than 30 % of individuals with attenuated phenotypes are expected to 
have an identifi able APC mutation [ 102 ]. 

 Most  APC  pathogenic variants are nonsense or frameshift and cause premature 
truncation of the  APC  protein. 

 It has been reported that a proportion of mutation-negative FAP cases bear 
molecular changes in deep intronic and regulatory sequences and that approxi-
mately 20 % of individuals with de novo  APC  mutation have somatic mosaicism 
[ 101 ]. In individuals with somatic mosaicism, genetic sequencing of  APC  from 
DNA extracted from peripheral blood lymphocytes may fail to detect any alteration 
because of weak mutation signals [ 100 ,  101 ]. It has been reported that  protein trun-
cation test (PTT)   may be useful in identifying mutations in apparently  APC  
mutation- negative FAP patients with mosaicism [ 103 ]. Furthermore, individuals 
with mutation-negative FAP should also be evaluated for  APC  promoter 1B 
 mutations [ 104 – 106 ]. Interstitial deletions of chromosome 5q that include  APC  
have been identifi ed in a number of patients with colonic polyposis, intellectual 
 disability, and other fi ndings [ 107 ]. A classic or attenuated colonic phenotype is 
possible in cases with whole  APC  gene deletions [ 108 ]. 

 When no pathogenic variant is identifi ed in an affected individual, linkage analysis 
can be considered in families with more than one affected family member belonging 
to different generations. Linkage studies are based on an accurate clinical diagnosis of 
an  APC -associated polyposis condition in the affected family members and accurate 
understanding of genetic relationships in the family. For this reason, linkage analysis 
is not possible in individuals with de novo gene mutations [ 109 ,  110 ].   

    Genotype–Phenotype Correlations 

  A great effort has gone into making  genotype–phenotype correlations   to design 
management strategies based on these associations [ 111 ]. However, some studies 
have suggested that therapeutic decisions should not be based on genotype [ 112 ]. 

 There is not routine use at present but there are several correlations that may 
become important for patient management in the future.

•    The most frequent  APC  pathogenic variant is located at codon 1309 
(c.3927_3931delAAAGA) and has been associated with a high number of 
colonic adenomas at an early age [ 112 – 114 ].  

•   The average age of onset for colonic symptoms varies depending on the patho-
genic variant location [ 112 ]:

 –    Codon 1309: age 20 years  
 –   Between codon 168 and 1580 (excluding 1309): age 30 years  
 –   5′ of codon 168 and 3′ of codon 1580: age 52 years     
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•   Severe polyposis (about 5000 polyps): codon 1250–1464 [ 115 ]  
•   Attenuated FAP has been related to:

 –    Truncating mutations in the 5′ part of the gene (codons 1–77) [ 116 ], exon 9 
[ 116 – 118 ], and the distal 3′ end of the gene [ 116 ,  119 – 121 ].  

 –   Deletions of chromosome 5q22 that include  APC  [ 108 ]  
 –   Specifi c in-frame deletions [ 122 ]  
 –   Somatic mosaicism for  APC  pathogenic variant [ 100 ,  101 ,  123 ]     

•   Risk for duodenal adenomas: pathogenic variant between codons 976 and 1067 
[ 114 ].  

•   Desmoid tumors have been related to:

 –    pathogenic variants 3′ to codon 1399 [ 124 ].  
 –   20 % of individuals with pathogenic variants 5′ to codon 1444, 49 % of indi-

viduals with pathogenic variants 3′ to codon 1444, and 61 % of individuals 
with pathogenic variants in codons 1445–1580 [ 112 ].  

 –   Pathogenic variants at the extreme 3′ end of the gene (codon 1924) [ 125 – 127 ].  
 –   Pathogenic variants distal to codon 1444 [ 94 ,  128 ].  
 –   Pathogenic variants in codons 1395–1493 have signifi cantly higher rate of 

desmoid tumors, osteomas, and epidermoid cysts [ 129 ].  
 –   Pathogenic variants in codons 1445–1578 developed desmoid tumors [ 123 ].  
 –   Pathogenic variants found in a Korean population in codon 1280 [ 130 ]     

•   CHRPE is associated with:

 –    Pathogenic variants between codons 148–2043 [ 48 ]  
 –   Whole  APC  gene deletions [ 97 ]     

•   Hepatoblastoma and/or brain tumors are associated with:

 –    Pathogenic variants in codons 457–1309 [ 129 ]     

•   Thyroid cancer is associated with:

 –    Pathogenic variants 5′ to codon 1220 [ 131 ]  
 –   Pathogenic variants proximal to the mutation cluster region (codons 1286–

1513) [ 132 ].  
 –   Pathogenic variants in codon 180 [ 130 ].  
 –   Pathogenic variants c.3183_87delACAAA and del9-10 (del9080dup11) 

[ 133 ].     

•   Survival:

 –    Patients with a pathogenic variant in codons 1249–1549 develop polyposis at 
an early age and have a worse survival. Patients with a pathogenic variant in 
codons 0–178 or 312–412 develop polyposis later and have an improved 
 survival [ 134 ].         
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    Colorectal Surveillance and Management 

 Classic FAP has nearly 100 % lifetime risk of CRC, therefore screening and early 
diagnosis are essential. Several studies have compared the  incidence   of CRC in 
screened versus symptomatic patients with FAP as part of national polyposis registries 
in Europe, Australia, and North America [ 135 – 138 ]. These studies showed that the 
incidence of CRC was higher in symptomatic FAP cases (50–70 %) compared with 
those in a registry-based  surveillance   (3–10 %) [ 137 ,  139 – 141 ]. Therefore, there is 
overwhelming evidence that colonoscopy/sigmoidoscopy screening is effi cacious at 
identifying patients who should have prophylactic colectomy. Unfortunately, studies 
have shown that the colonoscopy adherence in FAP and AFAP patients is low [ 142 ]. 

 The  age of initiation   of CRC surveillance in FAP is between 10 and 12 years old. 
This is based on studies involving large case series of FAP families from the 1970s 
and 1980s suggesting that development of CRC before the age of 20 years is very 
rare, but possible [ 143 ]. A small number of cases with high grade dysplasia or can-
cer have been described in children [ 144 – 146 ]. 

 Interestingly, individual colon adenomas in patients with FAP are histologically 
identical to sporadic adenomatous polyps and do not seem to have an increased 
malignant potential. The adenoma to carcinoma timeline has an average of 10–15 
years for any one individual adenoma. The increased cancer risk arises from the 
large number of adenomas that form in this condition. This supports the current 
recommendation to perform a colonoscopy evaluation every 1–2 years initially and 
then increased to annual surveillance once adenomatous polyps are found. 

  AFAP   may have rectal and distal colon sparing with a propensity for proximal 
colon polyps. For this reason colonoscopy is the preferred option for screening and 
not sigmoidoscopy. Experts have recommended initiating colonoscopy evaluation 
in their late teens (18 years old) and an interval of 1–2 years. This recommendation 
is based on the observation that the mean age of CRC diagnosis is older in AFAP 
compared with classic FAP (54 years versus 39 years old) and no cases of CRC 
below 29 years old were found in a large Utah AFAP kindred [ 2 ]. Approximately 
33 % of patients with AFAP can be managed with colonoscopy and polypectomy 
because of the lower polyp density (median of 25 colorectal adenomas), thus 
 preventing the need of colectomy. 

 Surgical consideration should be considered early in FAP patients who present 
with >20 adenomas, when adenomas are >1 cm in size or when advanced histology 
appears (villous or high grade dysplasia) [ 65 ]. The two surgical options are total 
colectomy with IRA or proctocolectomy with  ileal pouch-anal anastomosis (IPAA)  . 
 IPAA   is preferred when numerous rectal adenomas are found. If IRA is selected, at 
least annual (or more frequent) endoscopic surveillance must be performed to 
ensure that cancer does not develop in the remaining rectal segment. In these cases, 
the use of Sulindac can effectively regress polyps in the remaining rectal mucosa, 
making surveillance easier [ 147 – 149 ]. A meta-analysis found that patients  subjected 
to IRA have less negative quality of life issues than patients who underwent  IPAA  , 
though fecal urgency was reduced in the IPAA group. There were no signifi cant 
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 differences between the two techniques regarding sexual dysfunction or postopera-
tive complications. Rectal cancer only occurred in the IRA group [ 150 ]. 

     Screening   for Extracolonic Cancer Sites 

  The Spigelman staging criteria is helpful in determining the risk of duodenal malig-
nancy, interval for endoscopy follow-up, and need for future therapeutic endoscopy or 
surgical management  of   duodenal and ampullary adenomas [ 10 ]. Current recommen-
dations advise upper gastrointestinal endoscopy, including side-viewing endoscopy, 
to be performed every 1–3 years for patients with either AFAP or FAP, starting at age 
25–30 years. 

 Annual thyroid examination with ultrasound should also be considered for 
patients with AFAP or FAP due to increased risk of thyroid cancer [ 45 ,  151 ]. There 
is no evidence to recommend screening for adrenal masses in FAP [ 152 ]. Screening 
for hepatoblastoma in FAP may be considered with abdominal ultrasound and mea-
surements of serum alpha-fetoprotein levels from infancy to age 5 years every 3 
months. However its effi cacy remains to be seen [ 40 ,  100 ,  153 ]. 

 Chemopreventive strategies have been studied in FAP patients in an effort to 
delay the development of adenomas in the upper and the lower gastrointestinal tract 
and to prevent recurrence of adenomas in the retained rectum of patients after IRA 
prophylactic surgery. Sulindac, a nonsteroidal anti-infl ammatory drug, causes 
regression of colorectal adenomas in the retained rectal segment of FAP patients 
[ 154 ]. Further studies are needed to establish if sulindac may also be effective in 
reducing the size and the number of colonic polyps in patients with FAP without a 
prophylactic colectomy and polypectomy [ 149 ,  155 ]. 

  Preimplantation genetic diagnosis  (PGD) is a technology that allows embryos 
without a deleterious mutation associated with a hereditary cancer syndrome to be 
identifi ed and implanted. The parent’s disease-causing allele must be identifi ed 
before PGD can be performed [ 156 ].    

    Conclusions 

 FAP is an autosomal-dominant syndrome, caused by a germline mutation in the 
 APC  gene. It is characterized by hundreds to thousands of adenomatous polyps, 
with an inevitable progression to CRC if left untreated. Associated features include 
upper gastrointestinal tract polyps, CHRPE, desmoid tumors, and other extraco-
lonic malignancies. Gardner syndrome is more of a historical subdivision of FAP, 
characterized by osteomas, dental anomalies, epidermal cysts, and soft tissue 
tumors. Turcot syndrome refers to polyposis associated with medulloblastoma. 
Several genotype–phenotype correlations have been observed. AFAP presents with 
fewer than 100 adenomas. Multiple colorectal adenomas can also be caused by 
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mutations in the human  MUTYH  gene in an autosomal-recessive condition referred 
to as MAP. Endoscopic screening of FAP probands and relatives is advocated as 
early as the ages of 10–12 years, with the objective of reducing the occurrence of 
CRC. Colectomy remains the optimal prophylactic treatment. The major challenges 
for the future are identifying better chemopreventive agents and optimizing screening 
of extracolonic cancers.     
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