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It is a great pleasure to introduce and preview this comprehensive new text on multiple 
myeloma.
In the last decade, therapy and diagnosis of multiple myeloma have seen more changes 

than ever before in the history of this life-threatening disease. Further, importantly, multi-
ple myeloma has been recognized as a crucial indication for the proof of concept in oncol-
ogy for novel compounds exemplified by the approval of lenalidomide and the approval of 
bortezomib for mantle cell lymphoma.
This book is a reference for all physicians who are involved in myeloma treatment with 

an emphasis on the description, and, most importantly, on the interpretation of new data 
available.
Clinical chapters are designed to concisely summarize new data as well as relevant data 

to current up-to-date recommendations regarding diagnostic procedures and treatment.
The important developments in therapy and diagnosis and introduction of new com-

pounds would not be possible without the improved scientific knowledge and molecular 
information.  Therefore  three  chapters  in  this  book  are  devoted  to  the  pathophysiology 
of  multiple  myeloma:  molecular  pathophysiology  of  multiple  myeloma  by  B.  Klein,  
A. Seckinger, T. Moehler,  and D. Hose;  angiogenesis  and vasculogenesis  by A. Vacca 
and D. Ribatti;  immunology and  immunotherapeutic approach  in multiple myeloma by  
C. Schlude and P Beckhove.
The unique historical viewpoint is provided by R.A. Kyle and D.P. Steensma, which 

is accompanied by a thorough evaluation of the epidemiology of multiple myeloma by 
N. Becker.
The best approach to the patient, particularly regarding staging and imaging,  is pro-

vided by J. Hillengass and S. Delorme and coauthors.
The emphasis of this book is on novel aspects of treatment, and renowned authors have 

contributed to summarize the state of the art but more importantly how to best integrate 
different therapeutic procedures into a patient-tailored treatment. The part on therapy starts 
with the chapter on novel drugs designed by K. Boyd, F.E. Davies, and G.J. Morgan, fol-
lowed by chapters on the integration of current treatment options for first-line treatment by 

Foreword

vii



viii Foreword

M. Roussel, T. Facon, P. Moreau, J.-L. Harousseau, and M. Attal, and high-dose therapy 
and autologous treatment strategies by R. Haas, I. Bruns, G. Kobbe, and R. Fenk.
Approaches to treat patients in relapse are covered by the chapter by T. Moehler and 

H. Goldschmidt, which is followed by the chapter by G. Gahrton on the outcome possibili-
ties that are provided by allogeneic transplantation.
Local therapies need to be integrated in the systemic treatment strategy and are deline-

ated (radiotherapy by S. Krause, J. Debus, D. Neuhof and osteoplastic procedures by 
C. Kasperk and I. Grafe). Last but not least, H. Ludwig describes the important aspects of 
supportive therapy.
This book provides  a guideline  and  rationale  for patient  care but  also describes  the 

pathway into the future. Congratulations to Prof. Goldschmidt and Dr. Moehler for pro-
ducing such an excellent new text which will, I am sure, be an important addition for all 
interested in understanding the biology of myeloma and new approaches to treatment.

Los Angeles, CA, USA  B. Durie



Recent years have continued to deliver a fast growing body of preclinical and clinical data 
relevant for further improving the outcome of patients with multiple myeloma which is the 
ultimate goal of long-term remissions of this life-threatening disease.
We have attempted to provide an overview about the current state of the art in diagno-

sis and treatment of multiple myeloma with a particular emphasis on therapeutic strate-
gies. This book  is  considered  for practicing physicians  and  scientists who are working 
in this field. Moreover students, patients and caregivers can retrieve deeper information 
about  this disease.  In addition, clinical  researchers  in other  indications can  recapitulate 
the rationale and strategy for the development of novel agents as bortezomib and immu-
nomodulatory drugs which could be providing important information for the development 
of these compounds in other indications.
We are very grateful to the panel of international experts that participated in this book 

project who revealed their interpretation of the vast array of data and translated into practical 
recommendations for diagnostic procedures and therapy.

Hartmut Goldschmidt
Thomas Moehler

Preface
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History of Multiple Myeloma

Robert A. Kyle and David P. Steensma

Abstract Multiple Myeloma has been recognized 
since Ancient Times. The first well-documented 
case was reported in 1844 by Samuel Solly. The 
most commonly recognized case is that of Thomas 
Alexander McBean, a highly respectable trades-
man from London in 1850. Mr. McBean excreted 
a large amount of protein that was described by 
Henry Bence Jones in the middle of the 19th cen-
tury. Jones was a well-known physician and made 
many contributions to medicine. One of the best 
known cases of multiple myeloma was that of Dr. 
Loos that was reported by Otto Kahler. The recog-
nition of plasma cells and subsequently their prod-
uct, a monoclonal protein has been described in 
detail. The authors have reviewed the treatment of 
multiple myeloma including the novel agents, 
 thalidomide, bortezomib and lenalidomide.
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1 1.1  
 Ancient Origins

Although the first well-documented cases of mul-
tiple myeloma were described in the 1840s, the 
disease has undoubtedly existed for centuries and 
perhaps even for eons. Spheroid skeletal lesions 
that are “purely lytic,” with sharply demarcated 
borders and without evidence of sclerosis or for-
mation of new bone, are suggestive of multiple 
myeloma — especially when such lesions are 
multiple and occur in the axial skeleton and prox-
imal long bones (Rothschild et al. 1998). Two 
human skeletons with this bony lesion pattern — 
both males, with estimated ages at death of 
between 40 and 60 years — were identified from 
among 905 individuals in necropoles excavated at 
Thebes-West and Abydos in Upper Egypt, dating 
from 3200 BC to 500 BC (Zink et al. 1999), while 
two similarly affected skeletons were found 
among 2,547 individuals entombed in a rural 
South German ossuary between AD 1400 and AD 
1800 (Nerlich et al. 2006).

Additional possible multiple myeloma cases 
identified by paleopathologists include the 
 skeleton of a middle-aged female from AD 1000 
to AD 1400 recently discovered in Iceland 
(Gestsdottir and Eyjolfsson 2005), two calvaria 
from medieval Britain (Wells 1964), four 
American Indian skeletons from AD 200 to 
AD 1300 (Morse et al. 1974), and 14 pre-Colum-
bian American skeletons dating back to 3300 
BC (Steinbock 1976). Recently, the Wellcome 
Collection in London featured an exhibit on 
skeletons; the museum curators highlighted 
myeloma-like lesions in the bones of a 45-year-
old Roman soldier. The remains of George 
Grenville (1712–1770), the Whig Prime Minister 
whose administration passed the notorious 
Stamp Act of 1765 that first alienated American 
colonists from Great Britain, reveal lytic lesions 
resembling those of multiple myeloma.

Multiple myeloma with Bence Jones protei-
nuria (see below) occurs spontaneously in 

 contemporary animals (Hanna 2005), raising 
ques tions about whether myelomatous lesions 
might be reliably identified in prehistoric non-
human fossils. Paleontologists have detected 
multiple lytic defects without evidence of bony 
remodeling in a few dinosaur skeletons from 
the Jurassic and Cretaceous periods, and these 
have been interpreted as evidence of an origin 
of multiple myeloma in the Mesozoic era or ear-
lier, but caution is indicated in interpretation of 
such ancient specimens (Capasso 2005).

1.1.1  
 Early Well-Documented Cases

The first well-documented case of multiple 
myeloma was the second patient in a series of 
cases of “mollities ossium” (i.e., pathological 
bony softness and fragility) published in 1844 by 
Samuel Solly (1805–1871), a distinguished 
London surgeon (Solly 1844). The patient’s name 
was Sarah Newbury, a 39-year-old housewife, 
who developed fatigue and severe back pain 
while stooping 4 years before her death. Two 
years later, pain in Mrs. Newbury’s limbs 
increased, making movement difficult, and she 
was eventually confined to her room. On one 
occasion, she developed fractures of her femurs 
when her husband lifted her and carried her to the 
bed. This event was followed by fractures of the 
clavicles, right humerus, and right radius and ulna 
(Fig. 1.1).

On April 15, 1844, Mrs. Newbury was hos-
pitalized at St. Thomas’ Hospital in Southwark, 
London, where Dr. Solly was a lecturer on anat-
omy. Treatment consisted of an infusion of 
orange peel and a rhubarb pill, as well as opiates 
at night. She also received wine and arrowroot, 
a mutton chop, and a pint of porter daily. Arrow-
root was an easily digestible starch from the 
roots of tubers imported from the West Indies to 
England in the eighteenth century (Stephens 
1994). It was considered to be bland, and 
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appropriate for persons who had difficulty with 
their digestion and were in poor condition 
(Felter and Lloyd 1898–1900). Porter, a dark, 
bitter ale made from black malted barley, was a 
popular drink among London working classes 
(especially porters and draymen) during the 
early eighteenth century, a time when clean, 
safe drinking water was difficult to obtain. 
Orange-based preparations, such as infusum 
aurantii made from oranges or orange peels, 
were often used to change the flavor of a medi-
cation. Rhubarb is a traditional gastrointestinal 
cathartic employed to treat dyspepsia and con-
stipation, while opium compounds have been 
used since ancient times to produce pain relief.

Despite these ministrations, Mrs. Newbury 
died suddenly on April 20, 1844. At autopsy, 
Dr. Solly found that the cancellous portion of her 
sternum had been replaced by a peculiar red 
matter. The bone marrow cells were examined by 

Dr. Solly and a Mr. Burkett, who described the 
cells as “very clear, their edge being remarkably 
distinct and the clear oval outline enclosed one 
bright central nucleolus, rarely two, never more.” 
Solly thought that the disease was an inflamma-
tory process, and that it began with a “morbid 
action” of the blood vessels in which the “earthy 
matter of the bone is absorbed and thrown out by 
the kidneys in the urine” — remarkably pre-
scient. Little did he know that, 150 years later, 
antiangiogenesis drugs such as thalidomide 
would be used for the treatment of multiple 
myeloma (Kyle 2000). Was Solly perhaps con-
templating the role of angiogenesis in the 
pathophysiology of Mrs. Newbury’s disease?

The best-known early case of multiple mye-
loma is that of Thomas Alexander McBean,  “a 
highly respectable tradesman” in London, who 
was 45 years of age when he became ill. The 
patient developed fatigue and noted that his 
“body linen was stiffened by his urine.” While 
on holiday in September 1844, he vaulted out of 
an underground cavern and suddenly “felt as if 
something had snapped or given way within the 
chest” and, for some minutes, he lay unable to 
move because of severe pain. A “strengthening 
plaster” was applied to the chest and the pain 
was temporarily relieved, but symptoms recurred 
3 to 4 weeks later. Subsequently, “a pound of 
blood” (a pint — approximately one unit of red 
cells) was removed, and leeches were applied 
for “maintenance therapy.”

Mr. McBean’s bony pain eventually resolved, 
but he had considerable weakness for 2 to 3 
months after this initial event. In the spring of 
1845, his chest pain recurred; cupping and thera-
peutic phlebotomy were not helpful, and made 
him feel weaker. Dr. Thomas Watson, his physi-
cian, then prescribed steel and quinine, which 
was associated with rapid symptomatic improve-
ment. Iron compounds had been used as tonics 
since the time of Paracelsus in the 1500s, while 
quinine was introduced to Europe in the late 
1630s. Although quinine was given as a specific 
treatment for malaria in the early nineteenth 

Fig. 1.1 Sarah Newbury. Fractures of femurs and 
right humerus
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1 century, many physicians recommended it for 
virtually every febrile illness, and the combina-
tion of quinine and iron was considered appropri-
ate for severely debilitated patients (Day 1870).

The patient traveled to Scotland in the summer 
of 1845, where “he bounded over hills as nimbly 
as any of his companions” (Macintyre 1850). 
Unfortunately, after returning to London, he 
developed lumbar and sciatic pain. He was 
seen in consultation on October 30, 1845, by 
Dr. William Macintyre (c.1791–1857), a Harley 
Street consultant. Macintyre personally exam-
ined the urine because edema had been observed, 
and he found that it “abounded in animal matter.” 
The following note and a sample of urine 
were sent to Henry Bence Jones, a chemist at 
St. George’s Hospital:

Saturday, Nov . 1st, 1845

“Dear Dr. Jones,

The tube contains urine of very high specific 
gravity . When boiled, it becomes slightly 
opaque . On the addition of nitric acid, it 
effervesces, assumes a reddish hue, and 
becomes quite clear; but as it cools, assumes 
the consistence and appearance which you 
see . Heat reliquifies it . What is it?”

Bence Jones confirmed the findings of Macintyre 
with respect to the urine, and calculated that the 

patient had excreted more than 60 g/day of pro-
tein. He concluded that the strange new protein 
was an oxide of albumin, specifically “hydrated 
deutoxide of albumen,” and thought that 
 chlorine caused this new protein to form from 
albumen (Bence Jones 1848). The connection 
between congealable protein in the urine, dropsy 
(edema), and kidney disease had been empha-
sized 20 years earlier by Richard Bright (1789–
1858), a physician at Guy’s Hospital in London, 
who published three classic papers on proteinu-
ria and kidney disease beginning in 1827 
(Steensma and Kyle 2007). Dr. Bright’s prac-
tice was to use a spoon to detect protein in the 
urine, heating fresh urine over a candle and 
watching for the development of opacity.

Mr. McBean’s pain persisted, despite a vari-
ety of attempted therapies, and he died on 
January 1, 1846 (Fig. 1.2). At autopsy, his bones 
were found to be soft, brittle, and readily frac-
tured, and to contain “a gelatiniform substance 
of a blood-red colour and unctuous feel.” 
Histologic examination of the bone marrow 
revealed round and oval-shaped cells that were 
one-half to twice as large as an average blood 
cell and contained one or two nuclei and a 
bright-colored nucleolus (Kyle 2000).

Because Macintyre, rather than Bence Jones, 
first identified the chemical properties of the 

Fig. 1.2 Death certificate of Thomas Alexander McBean
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unusual protein found in Mr. McBean’s urine, 
some might suggest changing the common term 
“Bence Jones proteinuria” to “Macintyre protei-
nuria.” However, although Macintyre described 
the heat properties of the urine, his case report 
describing Mr. McBean focused on the clinical 
course rather than the novel urinary findings 
(Macintyre 1850), and it was Bence Jones 
who emphasized the place of the new protein 
in the diagnosis of multiple myeloma generally: 
“I need hardly remark on the importance of 
seeking for this oxide of albumen in other cases 
of mollities ossium (softening of the bone)” 
(Bence Jones 1847).

1.2  
 Henry Bence Jones (1813–1873)

Henry Bence Jones was born on December 31, 
1813, at Thorington Hall, in the parish of 
Thorington, just north of Yoxford in Suffolk, 
England (Kyle 2001). (The more famous 
Thorington Hall that is a National Trust property 
in Stoke-on-Nayland in the Stour River Valley is 
a different structure.) His childhood home had 
been loaned to his parents, Matilda Bence and 
Lieutenant Colonel William Jones (Dragoon 
guards), by Bence Jones’ maternal grandfather, 
Reverend Mr. Bence Sparrow (d. 1824). Bence 
Jones’ grandfather — the rector (parish priest) of 
Beccles, a village 10 miles north of Thorington — 
was sometimes known as Rev. Bence Bence, 
because he adopted the surname Bence in May 
1804 upon inheriting Thorington Hall from his 
first cousin Anne Bence Golding.

Young Henry attended boarding school in 
Putney, a borough in south west London, in 
preparation for Harrow, one of the great English 
public schools. He said that he had learned little 
at Putney, but did enjoy walking in nearby 
Wimbledon Park. At Harrow, he was an accom-
plished cricketer and football and racquet player. 
He entered Trinity College, Cambridge, in 1831, 

where he rowed crew, and was a passable stu-
dent, taking a second-class degree in January 
1836. Although he attended Divinity lectures 
and attained a certificate for ordination, he 
decided not to pursue a career in the church.

Uncertain about his future, the young 
Bence Jones tried to find work with a relative 
in Liverpool, and also seriously considered 
immigrating to New Zealand (even proceed-
ing with the necessary paperwork), but for 
unknown reasons, he did not leave England. 
His father suggested that he study medicine, 
and in 1836, he began working in the apothe-
cary shop of John Hammerton where he pre-
pared medicines under Hammerton’s direction 
for 6 months. Years later, he said that this 
experience “was of the utmost use to me all 
my life” (Bence Jones 1929). He entered the 
Medical School at St. George’s Hospital on 
October 1, 1838, where he began attending 
lectures in the dissecting room. Subsequently, 
he worked as a dresser in the surgeons’ ward 
and then he turned to the physicians’ ward. 
During medical school, he attended the lectures 
of the physicist Michael Faraday (1791–1867) 
on elec tricity at the Royal Institution, while 
Dr. James Hope, an assistant physician at 
St. George’s, taught him use of the stethoscope. 
Bence Jones also noted that at the time he was a 
student, “the glorious discoveries of Dr. Bright 
[about renal disease] were not valued by any of 
our medical men” (Bence Jones 1929).

St. George’s Hospital, where Bence Jones 
studied, had been established as a teaching 
facility and public infirmary in 1733 in what 
was then the open countryside outside the vil-
lage of Knightsbridge — a site noted for its 
clean air, in stark contrast to the nearby over-
crowded and filthy conditions prevalent in the 
city of London. Its faculty has included John 
Hunter, Edward Jenner, Thomas Young and 
Henry Gray (anatomist). After post–World War 
II reorganization as part of the National Health 
Service, St. George’s Hospital moved to 
Tooting in South London in 1980; by then, the 



8 R.A. Kyle and D.P. Steensma

1 medical school had become a constituent insti-
tution of the University of London system. The 
Lanesborough Hotel is presently on the origi-
nal hospital site at Hyde Park Corner. When the 
hospital was rebuilt and expanded in the 1820s 
into the Classical neo-Grecian structure that 
Bence Jones would have known, noted archi-
tect William Wilkins (1778–1839) was respon-
sible for the design; Wilkins also designed the 
National Gallery in Trafalgar Square, and 
University College London.

Bence Jones’s medical studies were inter-
rupted when he developed rheumatic fever in 
the spring of 1839 and returned home for 
6 weeks. Fortunately, he “recovered without 
complications of disease of the heart” (Bence 
Jones 1929) — at least none that were detect-
able at that time. Upon his return to London, he 
enrolled as a private pupil to Professor Thomas 
Graham (1805–1869), the “father of colloid 
chemistry” and discoverer of the principle of 
dialysis, at University College. Most of the 
teaching was done by Graham’s assistant, 
George Fownes (1815–1849), a brilliant resear-
cher who published his own chemistry textbook 
in 1844, and won the prestigious Royal Medal 
of the Royal Society in 1847 before ill health 
caused him to have to give up his research. 
Fownes, in turn, had studied with Justus 
von Liebig (1803–1873) in Giessen, Germany; 
von Liebig was a leading chemist of the age and 
a strident advocate of applying chemistry to the 
study of plant and animal physiology, against 
the opposition of others, including the vitalists, 
who advocated strict separation between inor-
ganic and organic chemistry. The cost of a 
year’s tuition for the course with Graham was 
£50. Bence Jones learned the principles of 
organic chemical analysis from Fownes and 
Graham, and analysis of the sulfur content in a 
cystine oxide calculus represented his first med-
ical publication (Bence Jones 1842).

Bence Jones was admitted in the spring of 
1841 as a licentiate of the College of Physicians, 
which allowed him to practice, but he had no 

University medical degree as of yet. On Easter 
Sunday in 1841, he left for Giessen, Germany, 
where he studied in von Liebig’s laboratory for 
6 months. There he learned some advanced ana-
lytical methods, and analyzed the proteins in the 
brain and egg yolk. Bence Jones remained in 
contact with von Liebig throughout his life, and 
shared von Liebig’s passion for applying chem-
istry to medicine. Coincidentally, von Liebig 
and Bence Jones died 2 days apart in April 
1873, and their obituaries appeared in the same 
issue of Lancet.

In May 1842, 28-year-old Bence Jones mar-
ried a cousin, Lady Millicent Acheson (c.1812–
1887), the youngest daughter of Mary Sparrow 
and Sir Archibald Acheson, the second Earl of 
Gosford, an Irish peer who had served as 
Governor General of British North America 
from 1835 to 1838. Together they would have 
seven children. The young couple settled at 30 
Grosvenor Square, London, and Bence Jones 
began working at St. George’s. He analyzed the 
calculi in the Museum of University College 
Hospital and published his second paper (Bence 
Jones 1845). He was asked to give a course 
of 100 lectures on chemistry at Middlesex Hos-
pital, where he became known for insisting on 
the study of urine in diagnosis of disease. Three 
years later, he obtained an assistant physician 
position at St. George’s Hospital, and became a 
full physician there the next year; he was affili-
ated with St. George’s for the rest of his life. In 
1846, he became a Fellow of the Royal Society 
and also received a doctoral degree in medicine 
from Cambridge. He became involved with the 
Royal Institution when he gave a series of lec-
tures in 1851, and he served as secretary of that 
institution — dedicated to “diffusing science 
for the common purposes of life” — for more 
than 20 years.

Although his clinical practice grew quickly 
and was consuming, he vowed to “let no year 
pass without doing something original in natu-
ral science as applied to medicine” (Bence Jones 
1929) (Fig. 1.3). Bence Jones was no classicist; 
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he believed that medicine would be much better 
served if students spent more time acquiring 
knowledge of chemistry and physics, rather 
than memorizing Latin and Greek vocabulary 
and declensions. As a biochemist, he believed 
in nothing that he could not separate, test, and 
measure, scorning experience, tradition, and 
authority. His research resulted in a series of 
articles on the sediment, uric acid, calcium 
oxalate, and the alkaline and earthy phosphates 
of urine, but while his obituary in the Medical 
Times and Gazette listed 34 papers and six addi-
tional articles, no accurate, complete bibliogra-
phy exists (obituary 1873). He believed that 
medication must diffuse throughout the tissues 
before they could produce any benefit and dem-
onstrated that quinine reached its maximum 
level in tissues 3 h after ingestion.

Bence Jones’ work habits were somewhat 
unusual. He began his laboratory work at 6 a.m. 

and then arrived at the hospital at approxi-
mately 1 p.m. for ward rounds. However, few 
students sought a clerkship with him because 
of his unpunctuality. He frequently chided stu-
dents with the phrase, “Oh! Medical facts! 
Medical facts!” He taught students to “be as 
long as you like in forming your opinion on a 
case, but when you have thoroughly formed it, 
stick to it” (obituary 1873). His chief aim in the 
wards was to make therapeutics more scien-
tific. He was unwilling to mix several medica-
tions together, a common practice of the day, 
and instead used simple, precise prescriptions. 
He was also skeptical of most of the therapeutic 
drugs of his day. Philosopher Herbert Spencer 
(1820–1903) wrote in his autobiography, 
“Speaking of drugs, Bence Jones said that 
there is scarcely one which may not, under dif-
ferent conditions, produce opposite effects…” 
(Rosenbloom 1919).

a b

Fig. 1.3 (a, b) Portraits of Henry Bence Jones
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1 Bence Jones’ medical practice grew rapidly 
and eventually became large and lucrative. In 
1 year, his profits from practice were £7,400 — 
an enormous income for the time — and he 
bought a house at 84 Brook Street on one of the 
“grand avenues” of the posh Mayfair neighbor-
hood in West London (obituary 1873). He was 
recognized widely as a “chemical” doctor, and 
thus, his practice drew the interest of other scien-
tists. Charles Darwin (1809–1882), the great nat-
uralist, was one of his patients. For Darwin, a 
noted hypochondriac, Bence Jones prescribed a 
“severe” diet for his indigestion, which “half-
starved him to death” (Rosenbloom 1919). Other 
famous patients included Michael Faraday, about 
whom he wrote an affectionate biography in 1870 
(Bence Jones 1870) and the biologist, Thomas 
Huxley (“Darwin’s bulldog”) (1825–1895). 
Nursing pioneer Florence Nightingale (1820–
1910) once stated that Bence Jones was “the best 
chemical doctor in London” (Putnam 1993).

In the 1860s, Bence Jones’ health began to 
fail. He noted frequent palpitations and diag-
nosed rheumatic heart disease in himself after 
hearing a mitral systolic murmur with his stetho-
scope in 1861. Reversing his earlier claim that 
he had  suffered no ill effects from his bout of 
rheumatic fever in 1839, he realized that this ill-
ness and its sequelae had “done permanent dam-
age to one of the valves” (Bence Jones 1929). In 
early 1866, congestive heart failure became 
more obvious; upon listening to his own lungs 
with a stethoscope, he stated, “I fancied that one 
side was half full of fluid” (Bence Jones 1929). 
His energy decreased, and by August 1870, in a 
letter to physicist John Tyndall (1820–1893), 
Bence Jones stated, “I am very lazy and feel 
unfit for any work and as neither eating, drink-
ing, or sleeping come pleasantly to me, I am a 
useless mortal and had better be helping the 
worms and the grass to grow faster than they 
otherwise would do…” (Putnam 1993). 
Congestive hepatomegaly, ascites, and anasarca 
followed, and finally in 1873, Bence Jones was 
forced to both give up his clinical practice and 

resign as secretary of the Royal Institution. On 
April 20, 1873, he died at his home at 84 Brook 
Street in London of congestive heart failure, and 
was buried at Kensal Green Cemetery.

A Bence Jones ward exists at St. George’s 
Hospital in Tooting, but it is devoted to gynecol-
ogy patients rather than patients with multiple 
myeloma or kidney disease. Interestingly, Bence 
Jones’ obituary in Medical Times and Gazette 
described his work on renal stones, diabetes mel-
litus, and malignant and tuberculous involvement 
of the kidney, as well as his emphasis on the clin-
ical value of microscopic analysis of the urine, 
but there was no mention of the unique urinary 
protein that bears his name and would preserve 
that name for posterity (obituary 1873). Henry 
Bence Jones did not hyphenate his name, and a 
hyphen is not used in any of his papers or books 
published during his lifetime. The Royal College 
of Physicians and the Dictionary of National 
Biography enter him under “Jones.” He signed 
his correspondence, “H. Bence Jones”, and appa-
rently did not like the name “Henry.” His descen-
dants added a hyphen more than a half-century 
after his death (Rosenfeld 1987).

1.3  
 Other Contributions to Bence Jones 
Proteinuria

In 1846, an Austrian clinical chemist, Johann 
Florian Heller (1813–1871), described a protein 
in the urine that precipitated when warmed 
above 50°C and then dissolved again on further 
heating (Heller 1846). Heller distinguished 
this protein from albumin and casein, and it is 
almost certain that this was Bence Jones pro-
tein, despite Heller’s failure to recognize the 
reprecipitation of the protein when the urine 
cooled again. R. Fleischer, in 1880, is credited 
with the first publication to use the term “Bence 
Jones protein.” (Fleischer 1880).
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W. Kühne described a 40-year-old man with 
acute osteomalacia and an unusual urinary pro-
tein in 1883 ( Kühne 1883). The patient’s urine 
precipitated on warming to between 40°C and 
50°C and cleared at 100°C. Kühne isolated the 
urinary protein, which he called “albumosurie,” 
and found that the carbon, hydrogen, and nitro-
gen levels were similar to those described by 
Bence Jones, attributing minor differences in 
composition to the fact that his preparation was 
more pure than that of Henry Bence Jones.

Bence Jones recognized only a single type 
of protein, but in 1922, Stanhope Bayne-Jones 
(1888–1970) and D.W. Wilson at Johns 
Hopkins found that there are actually two dis-
tinct groups of Bence Jones proteins (Bayne-
Jones and Wilson 1922). Leonhard Korngold 
and Rose Lipari, at Memorial Cancer Institute 
in New York, demonstrated a relationship 
between Bence Jones protein and the serum 
proteins of multiple myeloma in 1956 
(Korngold and Lipari 1956). The two major 
classes of Bence Jones protein have been des-
ignated kappa and lambda in honor of 
Korngold and Lipari. Gerald Edelman (1929–) 
and Joseph A. Gally at the Rockefeller 
Institute in New York, 117 years after the 
description of the unique heat properties of 
Bence Jones protein, proved that the light 
chains prepared from an IgG myeloma protein 
and the Bence Jones protein from the same 
patient’s urine had an identical amino acid 
sequence; similar spectrofluorometric behav-
ior; identical appearance on chromatography 
with carboxymethylcellulose; and, on starch 
gel electrophoresis after reduction and alkyla-
tion, the same ultracentrifugal pattern, identi-
cal thermosolubility, and the same molecular 
weight (Edelman and Gally 1962). The light 
chains examined by Edelman and Galley pre-
cipitated when heated to between 40°C and 
60°C, dissolved on boiling and reprecipitated 
when cooled to between 40°C and 60°C — 
identical to the physicochemical properties of 
Bence Jones protein.

1.4  
 Other Early Cases of Multiple Myeloma

In 1867, Hermann Weber reported a 40-year-old 
man with pain, tenderness, and deformity of the 
sternum. The patient also had severe pain in 
the lumbar area, and he died 3.5 months after 
the onset of pain. At postmortem examination, the 
patient’s sternum was almost entirely replaced 
by a grayish-red substance that had the micro-
scopic appearance of a sarcoma. There were 
several round defects in the skull, many of the 
ribs, several vertebrae and parts of the pelvis. 
Amyloid — described by Rudolf Virchow 
(1821–1902) in Berlin in 1854 — was found in 
the kidneys and spleen (Weber 1867).

Five years later, William Adams described a 
similar patient to Weber’s with bone pain and 
fractures. At autopsy, it was observed that the 
cancellous portions of the bones had been 
replaced by a homogenous soft gelatinous sub-
stance consisting of small spherical and oval 
cells containing one oval nucleus (rarely two) 
with a bright nucleolus. “Lardaceous changes” 
(likely amyloidosis) were found in the liver and 
kidneys (Adams 1872).

J. Von Rustizky, a Russian pathologist work-
ing in the laboratory of Friedrich von Reck-
linghausen (1833–1910) in Strassburg in 1873, 
introduced the term “multiple myeloma.” At 
autopsy, a 47-year-old patient examined had 
eight separate tumors of bone marrow, which 
Von Rustizky called “multiple myelomas,” and 
he noted that the nucleus of the tumor cells was 
located in the periphery of the cell membrane — 
a morphology highly suggestive of plasma cells.

1.4.1  
 The Case of Dr. Loos

The term “Kahler’s disease” was once used to 
describe myeloma; this eponym resulted from a 
case report of a physician named Dr. Loos by 
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1 Professor Otto Kahler of Prague. The patient, 
Dr. Loos, was a 46-year-old physician who 
developed severe thoracic pain in July 1879. 
During the next 2 years, intermittent pain aggra-
vated by exercise occurred in Dr. Loos’ ribs, 
spine, left shoulder, upper arm, and right clavi-
cle. Albuminuria was found in September 1881, 
and pallor was seen 2 years later. Dr. Loos was 
first seen by Professor Kahler in 1885. Kahler 
found anemia, severe kyphosis, tenderness of 
many bones, and albumosuria. The urine of 
Dr. Loos was described in detail in 1889 by Karl 
Hugo Huppert (1832–1904), a German chemist 
and physician who was the Professor of 
Medicinal Chemistry in Prague. Kyphosis of the 
upper thoracic spine increased and the patient’s 
chin pressed against the sternum producing a 
pressure ulcer. Dr. Loos died on August 26, 
1887, 8 years after the onset of symptoms. At 
autopsy, soft gray-reddish masses were noted in 
the ribs and microscopic examination revealed 
large, round cells consistent with myeloma. The 
patient sustained a high fluid intake and took 
sodium bicarbonate on a regular basis, which 
may have helped prevent renal failure.

Otto Kahler, born in 1849, was the son of a 
well-known physician in Prague. After receiving 
his M.D. degree from the University of Prague in 
1871, Kahler studied in Paris, where he met 
the French neurologists Jean Martin Charcot  
(1825–1893) and Guillaume-Benjamin-Amand 
Duchenne (1806–1875). Kahler became inter-
ested in neurology, particularly in neuroanatomy. 
He contributed to the understanding of the patho-
logical anatomy of tabes dorsalis, localization of 
parietal central oculomotor paralysis, and the 
symptoms of gradual compression of the spinal 
cord. He then returned to Prague where he 
became head of the second medical clinic at the 
German University of Prague. In 1889, Kahler 
succeeded the Austrian internist Heinrich von 
Bamberger (1822–1888), as Professor at the 
University of Vienna (Fig. 1.4). Kahler finished 
his inaugural address in Vienna on May 13, 1889, 
with a statement, “Ars longa vita brevis” (the art 

[of medicine] is long, life is short) — words that 
proved prophetic in 1889, when he developed a 
malignant tumor of the tongue. Despite an 
attempted excision, carcinoma of the tongue 
recurred the following year, and Kahler died on 
January 24, 1893 (Nothnagel 1893). Kahler was 
known for being extremely kind to his patients 
and an excellent teacher. Incidentally, his obitu-
aries and eulogies made no mention of his famous 
case report of Dr. Loos (Kahler 1889); the contri-
butions of both Henry Bence Jones and Otto 
Kahler to multiple myeloma were not recognized 
during their lifetimes.

1.4.2  
 The First Myeloma Case in America

Probably the first reported case of multiple 
myeloma in the United States was published by 

Fig. 1.4 Otto Kahler
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James Herrick (1861–1954) and Ludvig Hektoen 
at Rush Medical College in Chicago in 1894 
(Herrick and Hektoen 1894). A 40-year-old 
woman had lumbar pain for 16 months before 
painless nodules developed on the sternum, face, 
and chest. The right clavicle enlarged and then 
fractured without trauma. The hemoglobin level 
was less than half normal. The patient died 
18 months after the onset of symptoms. Autopsy 
revealed tumors involving the sternum, ribs, 
spine, right clavicle, both humeri, and the skull, 
and microscopic examination revealed the 
round, lymphoid cells with large nuclei described 
in other reports.

1.4.3  
 Recognition of the Poor Prognosis Associated 
with Bence Jones Protein

Frederick Parkes Weber (1863–1962), an English 
physician who is the “Weber” in Klippel–
Trenauney–Weber syndrome and Rendu–Osler–
Weber disease, reported a case of multiple 
myeloma in 1898 and stated that in the future, 
the diagnosis might be “greatly facilitated by the 
employment of Röntgen’s rays” (Weber 1898). 
Weber also claimed that bone marrow was the 
site of production of the Bence Jones protein 
and that its presence was of “fatal signifi-
cance” and that it “nearly always, if not always, 
indicated that the patient was suffering from 
multiple myeloma” (Weber et al. 1903).

1.4.4  
 Case Series

In the first half of the twentieth century, case 
reports gave way to case series. In 1928, 
Charles F. Geschickter (1901–1987) and Murray 
M. Cope land (1902–1982) at Georgetown 
University in Washington, DC, presented an 
analysis of all 425 cases of multiple myeloma 

reported since 1848 (Geschickter and Copeland 
1928). They emphasized six major features 
consisting of multiple involvement of the skel-
eton by tumors, pathologic fractures, Bence 
Jones proteinuria, back pain, anemia, and renal 
insufficiency. They did not recognize abnormal-
ities of blood protein or elevation of the erythro-
cyte sedimentation rate. Bone marrow aspiration, 
described in 1929 by Mikahael Arinkin in 
Leningrad, greatly increased the antemortem 
recognition of multiple myeloma (Arinkin 
1929). Rosenthal and Vogel reported that only 
three cases of multiple myeloma had been rec-
ognized in Mount Sinai Hospital in New York 
from 1916 to 1935, but that 13 cases were found 
in the succeeding 2.5 years (Rosenthal and 
Vogel 1938). Edwin Bayrd (1917–2007) and 
Frank Heck described 83 patients with histo-
logical proof of multiple myeloma who were 
seen at Mayo Clinic through 1945. Duration of 
survival ranged from 1 to 84 months (median 
15 months) (Bayrd and Heck 1947).

1.4.5  
 Plasma Cells

The term “plasma cell” was first used in 1875 
by Heinrich Wilhelm Gottfried von Waldeyer-
Hartz (1836–1921), a German anatomist, but 
from the detailed description, it seems likely 
that he was observing tissue mast cells, rather 
than the antibody-producing cells that we cur-
rently call by that name (Waldeyer 1875). Plasma 
cells were described accurately by the great 
Spanish anatomist Santiago Ramón y Cajal 
(1852–1934) in 1890 during a study of syphi-
litic condylomas (Cajal 1896). Cajal believed 
that the unstained perinuclear area (“hof”) 
contained the Golgi apparatus, and he felt 
that the plasma cells were likely normal con-
stituents of connective tissue. T. von Marschalkó, 
a Hungarian pathologist, described the key 
characteristics of plasma cells in 1895, includ-
ing blocked chromatin, eccentric position of the 
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1 nucleus, a perinuclear pale area, and a spherical 
or irregular cytoplasm (Marschalko 1895). J.H. 
Wright thought that the tumor cells of myeloma 
consisted of plasma cells or their immediate 
descendants (Wright 1900).

1.4.6  
 Antibodies

In 1890, Emil Adolf von Behring (1854–1917), 
a German physiologist, and Japanese bacte-
riologist Shibasaburō Kisato (1853–1931) des-
cribed a specific neutralizing substance in the 
blood of animals immunized with diphtheria 
and tetanus toxin — an observation that won 
them the first Nobel Prize in physiology or med-
icine in 1901. von Behring and Kisato and their 
successors noted that antitoxins — later called 
antibodies — could be found after the injection 
of most foreign proteins (von Behring and 
Kisato 1890). Although a Bence Jones protein 
had been detected in the serum by Jacobsen in 
1917, it was not until 1928 that William A. 
Perlzweig (1891–1949) and his colleagues at 
Johns Hopkins recognized hyperproteinemia, 
when they described a patient with multiple 
myeloma who had 9 to 11 g of globulin in the 
serum (Perlzweig et al. 1928). The Johns 
Hopkins team also noted that it was almost 
impossible to obtain serum from clotted blood 
drawn from a hyperproteinemic patient, because 
the clot failed to retract even with prolonged 
 centrifugation. Maxwell Wintrobe (1901–1986) 
and M.V. Buell, also at Johns Hopkins, recog-
nized cryglobulinemia in 1933 (Wintrobe and 
Buell 1933), but the term “cryoglobulin” was 
introduced by medical student Aaron Lerner 
(1920–2007) and his research preceptor, C.J. 
Watson, at the University of Minnesota 14 years 
later (Lerner and Watson 1947). The patient 
described by Lerner and Watson had previously 
been reported as having allergic purpura with 
hypersensitivity to cold (Peters and Horton 
1941).

1.4.7  
 Electrophoresis

Separation of serum proteins by electrophore-
sis was described by Swedish biochemist Arne 
Tiselius (1902–1971) in his doctoral disserta-
tion in 1930; he published expanded observa-
tions using the moving boundary method of 
electrophoresis in 1937 (Tiselius 1937b). 
Interestingly, this article, which led to his 1948 
Nobel Prize in chemistry and later to the 
Presidency of the Nobel Foundation, was 
rejected by the Bio chemical Journal (Putnam 
1993) — perhaps a note of encouragement for 
other frustrated authors. Later in 1937, Tiselius 
described the separation of serum globulins 
into three major protein components, which he 
termed alpha, beta, and gamma according to 
their electrophoretic mobility (Tiselius 1937a, 
b). Tiselius and an American postdoctoral fel-
low, Elvin A. Kabat (1914–2000), localized 
antibody activity to the gamma globulin region 
of the plasma proteins (Tiselius and Kabat 
1939). However, they quickly recognized that 
some antibodies migrated in the fast gamma 
region and others in the slow gamma region, 
and that some sedimented in the ultracentri-
fuge as 7S and others as 19S molecules, sug-
gesting further heterogeneity. The concept of a 
family of proteins with antibody activity was 
described by Belgian immunologist Joseph-
Félix Heremans (d. 1975) in 1959 (Heremans 
1959). Before 1960, the term “gamma globu-
lin” was used for any protein that migrated in 
the gamma mobility region of the electropho-
retic pattern; these gamma globulins are now 
referred to as immunoglobulins: IgG, IgA, 
IgM, IgD, and IgE.

In 1939, Lewis G. Longsworth and his col-
leagues at the Rockefeller Institute applied elec-
trophoresis to the study of multiple myeloma, 
and demonstrated the tall, narrow-based “church 
spire peak” (Longsworth et al. 1939). The elec-
trophoresis apparatus used by Longsworth and 
contemporaries was cumbersome and difficult 
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to use; the original commercial models were 
20-ft long and 5-ft high, and often occupied a 
separate laboratory room. A single electropho-
retic run required a full day, and results could 
only be interpreted by an experienced operator 
(Putnam 1993). Subsequent technical refine-
ments made electrophoresis simpler and more 
widely available. For instance, the use of filter 
paper as a support permitted the separation of 
proteins into discrete zones that could be stained 
with various dyes (Kunkel and Tiselius 1951), 
and cellulose acetate replaced filter paper. 
Currently, most laboratories now use agarose gel 
electrophoresis.

Immunoelectrophoresis was described by 
Grabar and Williams in 1953 (Grabar and Williams 
1953). Eleven years later, Wilson reported immu-
nofixation or “direct immunoelectrophoresis,” in 
which he applied antisera on the surface of the 
agarose immediately after completion of electro-
phoresis. Rowe and Fahey isolated IgD mono-
clonal protein from a myeloma patient (Rowe 
and Fahey 1965). A year later, Ishizaka et al. 
described the final immunoglobulin isotype, IgE 
(Ishizaka et al. 1966).

1.4.8  
 Monoclonal Versus Polyclonal Gammopathies

A critical milestone was the concept of mono-
clonal versus polyclonal gammopathies, first 
presented in the Harvey Lecture Series by 
Swedish physician Jan Gosta Waldenstrom 
(1906–1996) in 1961 (Waldenstrom 1960–
1961). He described patients with a narrow 
band of hypergammaglobulinemia on electro-
phoresis as having a monoclonal protein, and 
those with a broad band on electrophoresis and 
hypergammaglobulinemia as having a poly-
clonal increase in proteins. While polyclonal 
hypergammaglobulinemia was associated with 
nonmalignant disorders including inflammation 
or infection, patients with monoclonal proteins 
typically had multiple myeloma or macroglobu-

linemia. However, others with a monoclonal 
pattern had no evidence of malignancy, and 
Waldenstrom considered them to have “essen-
tial hypergammaglobulinemia” or a “benign 
monoclonal protein.” Today the preferred term 
for this phenomenon is monoclonal gammopa-
thy of undetermined significance (MGUS), 
because some such proteins will remain stable 
for many years and not cause clinical problems, 
but in other patients with MGUS, multiple 
myeloma, macroglobulinemia, light chain (AL) 
amyloidosis, or a related disorder may subse-
quently develop (Kyle 1978).

1.5  
 Alkylator and Corticosteroid-Based Therapy

Therapy of multiple myeloma has improved 
markedly since the days of Sarah Newbury’s 
treatment with rhubarb pills and infusion of 
orange peel, or the phlebotomy, leeches, steel, 
quinine, and other ministrations that Thomas 
McBean had to endure. Despite the therapeutic 
advances of the last half-century, however, the 
cure of myeloma has proven elusive, and there 
is much work yet to be done.

1.5.1  
 Urethane

Nils Alwall (1904–1986), a Swedish hemodialy-
sis pioneer, reported in 1947 that a patient with 
multiple myeloma who was treated with ure-
thane (ethyl carbamate) had a reduction in serum 
globulin concentration from 5.9 g/dL to 2.2 g/dL, 
an increase in hemoglobin from 60% to 87%, 
disappearance of proteinuria, and a reduction in 
bone marrow plasma cells from 33% to 0% 
(Alwall 1947). Urethane became the standard of 
treatment for myeloma for more than 15 years, 
until a randomized trial showed that it was not 
effective. In 1966, chemotherapy pioneer James 



16 R.A. Kyle and D.P. Steensma

1 F. Holland and colleagues randomized 83 
patients with treated or untreated multiple 
myeloma to receive urethane or a placebo con-
sisting of cherry- and cola-flavored syrup 
(Holland et al. 1966). No difference was seen in 
the objective response or in survival between the 
two treatment groups.

1.5.2  
 Melphalan

In 1958, Nikolai Nikolaevich Blokhin and 
colleagues in Moscow reported that three of 
six patients with multiple myeloma obtained 
benefit from sacrolysin (L-phenylalanine mus-
tard, melphalan) (Blokhin et al. 1958). Four years 
later, Daniel E. Bergsagel, at MD Anderson, 
and his colleagues confirmed these findings, 
reporting significant improvement in 8 of 24 
patients with multiple myeloma who were 
treated with melphalan; 6 other patients 
had more modest objective improvements 
(Bergsagel et al. 1962). In a later report, mel-
phalan given as a loading dose for 1 week 
 followed by maintenance therapy produced 
responses in 78% of 64 patients with newly 
diagnosed or previously treated multiple 
myeloma (Hoogstraten et al. 1967).

1.5.3  
 Prednisone

Prednisone also was found to be effective for 
multiple myeloma at about the same time that 
melphalan debuted. In a placebo-controlled 
double-blind trial published in 1962, prednisone 
as a single agent produced significant decreases 
in serum globulin levels and an increase in 
hematocrit, but no improvement in survival 
when compared with a placebo (Mass 1962). In 
another study, prednisone, in a single dose of 
200 mg every other morning, produced benefit 
in eight of ten patients with poor-risk myeloma 

(Salmon et al. 1967). In an analysis of two 
Cancer and Leukemia Group B (CALGB) mye-
loma treatment protocols, prednisone as a single 
agent produced a 44% objective response 
(MacIntyre et al. 1985). The classic regimen of 
melphalan plus prednisone (MP) was estab-
lished in a randomized trial of 183 myeloma 
patients published in 1969. This study, led by 
Raymond Alexanian and colleagues, found that 
survival was 6 months longer with MP com-
pared with melphalan alone (Alexanian et al. 
1969). Later, dexamethasone was found to offer 
some advantages over prednisone.

1.5.4  
 Alkylator Combinations

Harley et al. first reported a combination of 
alkylating agents — melphalan, cyclophosph-
amide, and carmustine (BCNU) in 1972 (Harley 
et al. 1972). A combination of carmustine, 
cyclophosphamide, melphalan, vincristine, and 
prednisone (M-2 protocol) produced excellent 
subjective and objective responses in 60% of 
36 myeloma patients (Lee et al. 1974). Likewise, 
in a series of 73 patients with myeloma, the M-2 
protocol produced an 87% response rate in 
73 myeloma patients (Case et al. 1977).

However, when the CALGB cooperative 
group studied the  combination of carmustine 
(BCNU), cyclophosphamide, melphalan, and 
prednisone (BCMP regimen) to MP in 252 
patients by J.B. Harley and colleagues in 1979; 
there was no survival benefit from the BCMP 
regimen above MP (Harley et al. 1979). Other 
trials had similar negative results in terms of 
survival, even when objective response rates 
improved. The Myeloma Trialists Colla borative 
Group described a large meta-analysis of indi-
vidual data of 4,930 persons from 20 random-
ized trials comparing MP with various 
combinations of therapeutic agents (Myeloma 
Trialists’ Collaborative Group 1998). Although 
the response rates were higher with combina-
tion chemotherapy (60% vs MP 53%, 
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P < 0.0001), there was no significant difference 
in response duration or overall survival. MP 
thus remained the mainstay of myeloma treat-
ment for decades.

1.6  
 Stem Cell Transplantation

E. Donnall Thomas and his colleagues in 
Cooper stown, New York, treated six patients 
(one had multiple myeloma) with total body 
irradiation or chemotherapy followed by an 
intravenous infusion of bone marrow cells in 
1957 (Thomas et al. 1957), but technical obsta-
cles prevented successful results. Thomas moved 
to Seattle in 1963 and continued to modify 
approaches to stem cell transplantation, which 
ultimately led to his Nobel Prize in 1990. The 
first successful syngeneic bone marrow trans-
plantation for myeloma was reported in 1982; 
two physician brothers were the patients 
(Osserman et al. 1982). In 1986, Alexander 
Fefer and colleagues in Seattle described five 
myeloma patients who received a syngeneic 
bone marrow transplant (Fefer et al. 1986). The 
following year, Gösta Gahrton and colleagues 
in Sweden reported that 10 of 14 patients with 
multiple myeloma who received an allogeneic 
bone marrow transplant from an HLA-compatible 
sibling donor survived for a median of 12 months 
(Gahrton et al. 1987).

The first reported autologous bone marrow 
transplantation in a patient with plasma cell 
 leukemia was reported in 1983 by Timothy 
McElwain (1937–1990) and Ray Powles at the 
Royal Marsen Hospital in Sutton, England 
(McElwain and Powles 1983). The patient 
was given melphalan 140 mg/m2 followed by 
platelet support and antibiotics; he relapsed 
16 months later and was again given 140 mg/m2 
of melphalan followed by an intravenous 
autograft obtained from his remission marrow. 
Two of four previously untreated myeloma 
patients treated similarly obtained a complete 

response, whereas one of four previously treated 
patients had a complete response (McElwain and 
Powles 1983). Eleven (27%) of forty-one patients 
with previously untreated multiple myeloma 
obtained a complete remission after a single 
intravenous dose of  melphalan 140 mg/m2. 
Unfortunately, most of the patients relapsed with 
a median duration of remission of 19 months. In 
1987, Bart Barlogie and colleagues at MD 
Anderson in Houston reported use of melphalan 
140 mg/m2 and total body irradiation (150 cGy), 
followed by autologous or allogeneic bone mar-
row transplantation, in six patients with multiple 
myeloma refractory to chemotherapy (Barlogie 
et al. 1987). Barlogie subsequently developed 
intense treatment programs using autologous 
transplantation, which he called “total therapy” 
(a term and concept pioneered for childhood leu-
kemia at St. Jude’s Hospital in Memphis), which 
eventually played a major role in establishing 
high-dose therapy and stem cell rescue as stan-
dard therapy for myeloma.

1.6.1  
 Novel Agents

Beginning in the late 1990s, other active drug 
therapies emerged that finally supplanted MP as 
the standard of care for patients with multiple 
myeloma. These included thalidomide (Singhal 
et al. 1999), bortezomib (Richardson et al. 2003, 
2005), and lenalidomide (Rajkumar et al. 2005; 
Richardson et al. 2006).

1.6.1.1  
 Thalidomide

Chemie Grünenthal, a German pharmaceutical 
company, introduced thalidomide (alpha-N-
[phthalimidol] glutarimide) (as a sedative) on 
October 1, 1957. Three years later, it was sold 
in more than 40 countries, and became popular 
both as a sedative and as a treatment for morn-
ing sickness of pregnancy.
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1 Widukind Lenz (1919–1995), a German pedi-
atrician and geneticist, reported on November 
18, 1961, that in utero thalidomide was associ-
ated with severe teratogenic malformations (Lenz 
1962). Exposure to the drug during the first 
trimester of pregnancy produced the fetal mal-
formations. Thalidomide was removed from the 
market in most countries by the end of 1961, but 
by then almost 10,000 infants had been affected. 
Dr. Francis Kelsey of the US Food and Drug 
Administration (FDA) was concerned about the 
lack of safety data and fortunately did not approve 
the drug for use in the USA. No significant activ-
ity was noted in two separate clinical trials for 
patients with advanced cancer (Grabstald and 
Golbey 1965; Olson et al. 1965). A few myeloma 
patients were admitted to these trials, but clinical 
activity was not apparent.

Despite removal from the market as a 
sedative, thalidomide continued to be used 
in the developing world for the treatment of 
leprosy and other ailments. Beginning in the 
1980s, thalidomide was also found to be 
effective for Behçet disease, graft-versus-
host disease, and HIV-associated oral ulcers 
and wasting. The FDA approved thalidomide 
for the treatment of erythema nodosum lep-
rosum in 1998, with a prescribing and distri-
bution safety system termed, “The System 
For Thalidomide Education and Prescribing 
Safety” program (STEPS).

The antiangiogenic properties of thalidomide 
in the rabbit cornea micropocket assay were 
described by Robert D’Amato and colleagues in 
Judah Folkman’s laboratory in Boston 
(D’Amato et al. 1994). Based on the increasing 
awareness of angiogenesis and the pathogenesis 
of cancer, and the evidence of increased angio-
genesis in myeloma, the spouse of an affected 
myeloma patient convinced Barlogie and col-
leagues at the University of Arkansas to initiate 
a compassionate-use trial of “antiangiogenic 
therapy.” After a detailed telephone conversa-
tion with Folkman, Barlogie and colleagues 
designed a landmark trial that enrolled 84 

myeloma patients for whom MP had failed 
(Singhal et al. 1999). Thirty-two percent of 
patients in this pilot study responded to thalido-
mide, making it the first new drug with single-
agent activity for myeloma in more than 
three decades.

1.6.1.2  
 Bortezomib

The orderly degradation of eukaryocytic 
cellular proteins is mediated by the ubiquitin-
proteasome pathway (Ciechanover 1994). The 
26S pro teasome consists of a core 20S cata-
lytic complex and a 19S regulatory complex. 
Ubiquitin-tagged proteins are recognized by the 
19S regulatory complex, where the ubiquitin 
tags are removed, and then the 20S proteasome 
cylinder hydrolyzes the formerly tagged pro-
teins into small polypeptides. Inhibition of the 
proteasome leads to cellular apoptosis with 
malignant, transformed, and proliferating cells 
being particularly susceptible (Adams et al. 
1999; Orlowski et al. 1998).

Several boronic acid–derived compounds, 
including bortezomib, were designed to inhibit 
the proteasome pathway in a specific manner 
(Adams et al. 1999; Orlowski et al. 1998). The 
initial clinical study with bortezomib in advanced 
hematologic malignancies was conducted by 
Robert Orlowski at the University of North 
Carolina (Orlowski et al. 2002). Leading up to 
the trial, Orlowski’s laboratory was investigat-
ing the proteasome pathway — an area of 
research that his father, Marian Orlowski (1918–
2006), had pioneered years earlier. Bortezomib 
demonstrated antimyeloma activity in the initial 
phase I study (Orlowski et al. 2002). It also 
showed activity against myeloma cells in sev-
eral preclinical models in a series of experiments 
 conducted in the laboratories of Kenneth 
Anderson at the Dana Farber Cancer Institute in 
Boston (Hideshima et al. 2001). Approximately 
one-third of the 202 patients with relapsed 
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refractory myeloma responded to bortezomib 
(Richardson et al. 2003). These results led to the 
approval of bortezomib by the FDA in May 
2003. In a subsequent randomized trial, time to 
disease progression was superior with borte-
zomib compared with dexamethasone alone in 
patients with relapsed, refractory myeloma 
(Richardson et al. 2005).

1.6.1.3  
 Lenalidomide

Several analogs of thalidomide were synthesized 
to try to minimize some of the adverse events 
(including, perhaps, teratogenicity)  associated 
with thalidomide. Lenalidomide, a 4-aminosub-
stituted analog of thalidomide formerly called 
CC-5013, belongs to a class of  thalidomide ana-
logs termed “immunomo dulatory drugs” by the 
manufacturer, Celgene Corporation.

Lenalidomide was tested in phase I trials in 
relapsed refractory myeloma at the Dana Farber 
Cancer Institute by Paul Richardson and col-
leagues, and the compound showed promise 
(Richardson et al. 2002). A multicenter random-
ized phase II trial of lenalidomide, also led by 
Richardson, enrolled 102 patients with relapsed/
refractory myeloma, with an overall response 
rate of 17% (Richardson et al. 2006). In a phase 
II trial conducted at Mayo Clinic, 31 of 34 
patients (91%) with newly diagnosed myeloma 
achieved an objective response with thalido-
mide plus dexamethasone (Rajkumar et al. 
2005). Two large phase III trials have shown a 
significantly superior time to progression with 
lenalidomide plus dexamethasone compared 
with placebo plus dexamethasone in patients 
with relapsed myeloma (Dimopoulos et al. 
2007; Weber et al. 2007). The combination of 
lenalidomide and dexamethasone was approved 
by the FDA in June 2006 for the treatment of 
myeloma in patients who have failed one prior 
regimen.
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Abstract  Multiple myelomas are a less frequent 
cancer site among both sexes. On a worldwide 
scale, it is estimated that about 86 000 incident 
cases occur annually, accounting for about 0.8% 
of all new cancer cases. About 63 000 subjects 
are reported to die from the disease each year, 
accounting for 0.9% of all cancer deaths. 
Geographically, the frequency is very unevenly 
distributed in the world with the highest inci-
dence in the industrialised regions of Australia / 
New Zealand, Europe and North America. 
Incidence and mortality seem to be stable in 
Asian countries and to increase slowly over the 
decades among whites in the western countries. 
The etiology is poorly understood. This depends 
partly upon the fact that the risk factors which 
play a major role for malignant diseases in gen-
eral, such as tobacco consumption and diet have 
not been found strongly involved into multiple 
myeloma etiology. Nevertheless, some consis-
tency seems to be in the findings about a risk 
elevation with obesity and a slightly decreased 
risk with high fruit consumption. Despite some 
contradicting results, indications to a role of 
ionising radiation persist. Finally, infections 
with HIV and hepatitis C virus appear related to 
an elevated multiple myeloma risk. Currently, 
large efforts are undertaken to unravel the etiol-
ogy of malignant lymphoma including those of 
multiple myeloma.
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2 2.1  
 Descriptive Epidemiology

Multiple myelomas are a less frequent cancer 
site among both sexes. On a worldwide scale, it 
is estimated that about 86,000 incident cases 
occur annually (47,000 males and 39,000 
females), accounting for about 0.8% of all new 
cancer cases. About 63,000 subjects are 
reported to die from the disease each year 
(33,000 males and 30,000 females), accounting 
for 0.9% of all cancer deaths (Parkin et al. 
2005). In terms of age-standardized rates, the 
annual incidence rates amount to 1.7 per 
100,000 in males and 1.2 in females, and the 
mortality rates to 1.2 (males) and 0.9 (females). 
Among the hematological malignancies, the 
proportion of multiple myelomas ranges in a 
magnitude of 15–20% (Devesa et al. 1992; 
Becker et al. 2007).

Geographically, the frequency is very 
unevenly distributed in the world with the high-
est inci dence in the industrialized regions of 
Australia/New Zealand, Europe, and North 
America (Fig. 2.1). The ethnic comparison 
within the population of the USA shows an 
almost doubled occurrence of multiple myeloma 
among the blacks compared to the whites, while 
people of Asian origin, especially Chinese and 
Japanese, experience a much lower inci dence 
(Coleman et al. 2008; Parkin et al. 2005).

Incidence and mortality seem to be stable 
in Asian countries and to increase slowly over 
the decades among whites in the western 
countries and blacks in the USA (see Fig. 2.2). 
The rates and trends for the Asian immi-
grants into the USA resemble those of the 
respective countries of origin (Hirabayashi 
and Katanoda 2008).

The reasons for these differences and the 
increasing trend among the whites in the western 
countries are unknown.

The average 5-year survival is about 15–20% 
with a wide range of survival between some few 
years to 10 years or more.

2.2  
 Etiology

The etiology of multiple myeloma is poorly 
understood. This depends partly upon the low 
frequency of the disease which makes its investi-
gation difficult; and it partly depends upon the 
fact that the risk factors which play a major role 
for malignant diseases in general, such as tobacco 
consumption and diet (see Wynder and Gori 
1977, Doll and Peto 1981 or Harvard Report on 
Cancer Prevention 1996), have not been found 
obviously involved in multiple myeloma etiol-
ogy. However, major efforts are currently under-
taken to unravel the etiology of hematological 
malignancies in general and of multiple myeloma 
in particular (Boffetta et al. 2007).

2.2.1  
 Tobacco

In most of the studies which investigated a 
potential association to multiple myeloma, no 
risk increase has been found (Alexander et al. 
2007). Nevertheless, in a more recent (Nieters 
et al. 2006a) and a few of the older studies cited 
in Alexander et al., an elevated risk was observed 
(RR = 2.4 in males, RR = 2.9 in females for cur-
rent smoker, respectively) so that the matter 
appears to still be unresolved. The study of 
Nieters et al. indicated that the latency between 
tobacco consumption and occurrence of hemato-
logical malignancies might be particularly long, 
making the confirmation of an association 
 difficult. On the other hand, the recent analysis 
of the large European Prospective Investigation 
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into Cancer and Nutrition EPIC could not con-
firm this notion (Nieters et al. 2008). Thus, the 
currently available data strongly suggest that 
smoking is, if at all, at most a marginal risk 
factor for multiple myeloma.

2.2.2  
 Alcohol

Similarly, most investigations about the role of 
alcohol consumption reported a null result, only 
one an elevated risk in a particular combination 
of alcoholic beverages and two a decreased risk 
(Alexander et al. 2007). However, even those 
recent studies which reported a decreased rela-
tive risk with alcohol consumption for lym-
phoma in general could not observe this effect 
in multiple myeloma (Nieters et al. 2006a). 
Thus, also for alcohol consumption, the cur-
rently available data do not suggest a relevant 
contribution to multiple myeloma etiology.

2.2.3  
 Diet

A multitude of nutritional epidemiologic studies 
carried out over the past decades suggests diver-
gent effects of different food groups on carcino-
genesis. Thus, studies are usually focused on the 
respective food groups such as fruits and vegeta-
ble, meat, fish, etc. whose effects seem to range 
from potentially protective effects (e.g., high 
consumption of fruits and vegetable) for some 
cancer sites to risk elevations (high consumption 
of specified types of meat).

For multiple myeloma, several studies reported 
a decreased relative risk with a high consumption 
of fruits and vegetable (Tavani et al. 1997; Brown 
et al. 2001; Valjinac et al. 2003) which was con-
firmed by a recent evaluation of EPIC (Rohrmann 
et al. 2007). In this evaluation, an effect was seen 
for fruits, especially citrus fruits, but not for 
vegetable consumption. On the other hand, 
 previous reports found inverse associations also 

for high vegetable consumption (see Alexander 
et al. 2007).

For meat consumption, a current, yet unpub-
lished analysis of EPIC data provided overall a 
null result which is consistent with previous 
findings (see Alexander et al. 2007), but some 
indication to a potentially elevated relative risk 
for higher intake of chicken meat (S. Rohrmann 
2009 personal communication).

Inconsistent results were reported from 
 several studies on fish consumption from which 
several showed a decreased relative risk while 
a few also found risk increases (Alexander 
et al. 2007).

Thus, the current data on effects of diet on 
multiple myeloma are inconclusive, whereby 
the results on high intake of fruits and vegetable 
indicate the highest potential of a true, and 
potentially protective, effect.

2.2.4  
 Obesity

Elevated relative risks for obese subjects were 
reported from several epidemiologic studies, 
mainly case-control studies (Alexander et al. 
2007; Bergström et al. 2001; Larsson and Wolk 
2007). Though the recent evaluation of EPIC on 
body height and weight could not confirm an 
association to obesity or body fatness (Britton 
et al. 2008), with other prospective studies, an 
association could be confirmed (Birmann et al. 
2001; Reeves et al. 2007). In the latter cohorts, the 
relative risk appeared to increase with increasing 
body weight. Thus, for obesity, the consistency of 
reports on a risk-increasing effect is relatively 
high though not yet finally conclusive. Supportive 
for a true association may be the fact that obese 
subjects seem to have elevated IL-6 levels and 
bioavailability of insulin growth factor which 
appears also related to development of multiple 
myeloma and survival from the disease (Ge and 
Rudikoff 2000; Xu et al. 1997), seems also to be 
affected by obesity (Bianchini et al. 2002; see 
also Birman et al. 2007).
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2 2.2.5  
 Physical Activity

Physical activity is considered an established 
protective factor for several cancer sites (IARC 
2002), but has not yet been investigated thor-
oughly for multiple myeloma. However, Birman 
et al. (2007) reported from three studies on 
obesity which also took physical activity into 
account. They did not observe any deviation of 
risk from unity (Blair et al. 2005; Oh et al. 2005; 
Pan et al. 2004). The results of Birman et al. 
(2007) were consistent to those null results.

2.2.6  
 Hormonal Factors

One reason for taking hormonal factors into 
account is that the risk for getting the disease 
is consistently higher in males than in females. 
Hormonal factors may affect this gender dif-
ference. Another reason is that lifestyle fac-
tors, such as obesity, may modulate the 
hormonal status of subjects (see above kaaks 
and Lukanova 2002).

Quite a number of studies referenced in 
Alexander et al. (2007) examined hormone 
replacement therapy (HRT), age at first birth, 
and number of pregnancies, the latter factors 
which have been found in several studies 
related to other lymphoma entities. None of 
them showed significant associations to multi-
ple myeloma.

2.2.7  
 Environment and Occupation

Occupational settings are frequently used in 
epidemiology to investigate both occupational 
cancer risks as well as potential environmental 
hazards. Exposures which occur in the environ-
ment as well as in industry can in many instances 
better be investigated in the industrial environ-
ment since the exposures are frequently higher, 

can better be estimated or measured, and may 
have a longer and again better assessable dura-
tion during lifetime. Obtained results may be 
extrapolated by quantitative risk modeling to 
the exposure levels found in environmental 
settings.

A multitude of occupational-epidemiologic 
studies provided results for multiple myeloma 
and have been reviewed in Alexander et al. 
(2007). Particularly, exposures to pesticides, 
solvents, especially benzene, other chemicals, 
and hair dyes have been addressed. Though 
some studies reported increased relative risks 
and some other studies reported decreased rela-
tive risks, the overall balance appeared incon-
sistent and did not provide evidence for a major 
role of these agents on multiple myeloma 
 etiology. The results for radiation will be pre-
sented separately below.

On the other hand, it must clearly be stated 
that many of the studies were based on small 
numbers which make – as already mentioned 
above – it difficult to detect moderate or late 
occurring hazards. Thus, further research will 
be needed and will move the inconclusive bal-
ance in the one or other direction. In this sense, 
a recent study of Costantini et al. (2008) reported 
an increased risk of multiple myeloma after 
benzene exposure and long latency.

2.2.8  
 Ionizing Radiation

Ionizing radiation was long considered an estab-
lished risk factor for multiple myeloma based 
on the data of the atomic-bomb survivor studies 
(Alexander et al. 2007). However, later evalua-
tions of these data taking a longer follow-up 
into account could not confirm the previous 
reports (Preston et al. 1994) so that the matter is 
open again. Preston et al. drew a parallel to CLL 
which are known to be unrelated to ionizing 
radiation and which have the origin from termi-
nally differentiated B lymphocytes in common 
with multiple myeloma, suggesting biological 
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plausibility that also multiple myeloma may be 
unrelated to ionizing radiation.

Other exposures to ionizing radiation may 
occur in medical applications in the context of 
diagnostic radiological imaging or radiotherapy 
for both patients as well as medical staff. None 
of these circumstances seemed to provide an 
excess risk for multiple myeloma.

A quite different setting may occur by occu-
pational low-level radiation in nuclear industry 
since these exposures may be long-lasting in con-
trast to the shorter and high-dose atomic-bomb 
exposure. Though the overall balance about the 
existing studies appears also contradictorily, a 
recent carefully conducted large study provided 
indications to a statistically significant overall 
cancer risk and elevated excess risks for specified 
cancer sites including multiple myeloma. 
Nevertheless, the result for multiple myeloma 
was only marginally statistically significant and 
needs further confirmation (Cardis et al. 2007).

Finally, the effect of a chronic exposure to 
alpha-radiation could be investigated in the con-
text of iatrogenically induced cancer death by 
administration of Thorotrast. Thorotrast was the 
brand name of a stabilized colloidal solution of 
thorium dioxide which was used as an X-ray 
contrast medium between 1930 and 1950. The 
administration of the medium led to a lifelong 
chronic a-particle irradiation by thorium decay 
products in the organs of deposition. Two of the 
overall four large cohort studies reported an 
increased myeloma risk among the exposed sub-
jects (Visfeldt et al. 1995; Becker et al. 2008).

2.2.9  
 Inheritance
More consistent than for other candidate risk 
factors appear the data on a potential familial 
aggregation of multiple myeloma. Based on the 
Swedish family–cancer database, Hemminki 
et al. (2004) observed an elevated relative risk 
among offsprings of parents with a diagnosis of 
multiple myeloma. Several other studies reported 
more generally an increased risk in first-degree 

relatives of subjects with a diagnosis of multiple 
myeloma or hematopoietic malignancies in gen-
eral (Alexander et al. 2007). The risk elevation 
was not found in second- or third-degree rela-
tives and not for cancers other than of the 
hematopoietic system.

2.2.10  
 Medical History, Viruses, Immunological Conditions

Since lymphomas are malignancies of cells of 
the immune system, it is suggestive to look for 
associations with other immunological disor-
ders. Thus, for B-cell lymphoma excluding 
multiple myeloma, previous studies reported 
relatively consistently an inverse association to 
atopic diseases. For multiple myeloma, how-
ever, the relationship is much more inconsistent. 
Alexander et al. (2007) summarized studies 
which observed an inverse association, but also 
studies with null results or even elevated rela-
tive risks in subjects with allergies. Thus, though 
more recent studies supported again the notion 
of an inverse association (Becker et al. 2004, 
2007), the matter appears still unresolved.

Correspondingly, the results on associations 
with autoimmune diseases, childhood, or adult 
infections are inconclusive with two important 
exceptions: An elevated relative risk was shown 
in HIV-infected subjects (Goedert et al. 1998; 
Grulich et al. 1999) and among hepatitis C 
virus–infected subjects. The latter association 
was significant in a Swedish cohort (Duberg 
et al. 2005), and nonsignificant in a European 
case-control study (Nieters et al. 2006b).

2.3  
 Summary

In conclusion, most of the so far examined fac-
tors provided either null or inconsistent results 
(see Table 2.1). Some consistency seems to be in 
the findings about a risk elevation with obesity 
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2 Table 2.1 Summary of associations between established or suspected risk factors and multiple myeloma 
(Alexander et al. 2007)

Factor Approximate range of 
observed associations

Comparison

Accepted risk factors
Increasing age 12–16 <65 vs. ³65
Male gender 1.5 Males vs. females
Black race 2–3 Black race vs. white race
Positive family history 1.5–5 Positive family history of MM or LHC  

in a first-degree relative with MM or LHC
MGUS 25+ MGUS positive vs. MGUS negative
Possible risk factors
Obesity 1.2–2 Obese (BMI ³ vs. normal range BMI) 

(BMI < 25)
Low fish consumption 1.2–1.7 Low vs. high fish consumption
Low green vegetable consumption 1.1–2.5 Low vs. high green vegetable consumption
AIDS 4–12 AIDS diagnosis vs. no AIDS diagnosis
Herpes zoster/shingles 1.2–2.6 History of infection vs. no history of 

infection
Epidemiologic data inconsistent
Hair dye use
Overall exposure 0.8–1.5 Any exposure vs. never exposed
Permanent hair dye 0,6–1.9 Permanent hair dye exposure vs. never 

exposed
Light hair dye coloring 0.9–1.3 Light hair dye vs. never exposed
Dark hair dye coloring 1.3–3 Dark hair dye exposure vs. never exposed
Farming occupation 1.1–1.2 Farmers vs. nonfarmersa

Wood dust or wood exposures 0.7–2.6 Wood dust or wood exposure vs.  
no exposure

Chronic immune stimulation 
conditions and/or vaccinations  
for such conditionsb

0.7–2 History of chronic immune stimulation 
condition and/or vaccination vs.  
no exposure

Autoimmune disease (excluding 
AIDS
General category 0.7–2 History of any autoimmune disease vs.  

no history of autoimmune disease
Rheumatoid arthritis 0.7–2.3 History of rheumatoid arthritis vs.  

no history of rheumatoid arthritis
Do not appear to be risk factors
Smoking 0.8–1.3 Current smokers vs. never smokers
Alcohol 0.4–1.5 Alcohol consumption vs. no consumption
Pesticidesc 0.8–1.4 Pesticide exposure vs. no
Organic solvents
Overall exposured 0.6–1.5 Any organic solvent exposure vs. no 

exposure
Benzene 0.7–1.4 Benzene exposure vs. no exposure

(continued)
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Table 2.1 (continued)

aFindings based on meta-analyses of 12–32 studies
bChronic immune stimulation conditions include influenza, polio, smallpox, and tetanus immunizations 
and a history of tuberculosis, scarlet fever or rheumatic fever
cFindings based on general categories of exposure to pesticides or herbicides including applicators  
and sprayers.
dFindings based on studies of petroleum workers, painters, benzene, trichloroethylene, styrene, and  
general categories of organic solvents

Factor Approximate range of 
observed associations

Comparison

Trichlorethylene 0.8–1.4 Trichlorethylene exposure vs. no exposure
Radiation Radiation exposure vs. no exposure
Nuclear workers 0.7–1.1 Asbestos exposure vs. no exposure
Occupational therapeutic or 
diagnostic

0.7–1.4 History of allergic conditions vs.  
no allergic conditions

Asbestos 0.5–3
Allergic conditions 0.6–2

and a decreased risk with high fruit consump-
tion. Some indications to a role of ionizing radi-
ation persist. Finally, infections with HIV and 
hepatitis C appear related to an elevated multiple 
myeloma risk. Current worldwide coordinated 
research activities promise to promote knowl-
edge about the etiology of the disease.
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3

Abstract This chapter focuses on two aspects of 
myeloma pathogenesis: (1) chromosomal aberra-
tions and resulting changes in gene and protein 
expression with a special focus on growth and sur-
vival factors of malignant (and normal) plasma 
cells and (2) the remodeling of the bone marrow 
microenvironment induced by accumulating 
myeloma cells. We begin this chapter with a dis-
cussion of normal plasma cell generation, their 
survival, and a novel class of inhibitory factors. 
This is crucial for the understanding of multiple 
myeloma, as several abilities attributed to malig-
nant plasma cells are already present in their nor-
mal counterpart, especially the production of 
survival factors and interaction with the bone mar-
row microenvironment (niche). The chapter closes 
with a new model of pathogenesis of myeloma.

3.1  
 Survival, Growth, and Inhibitory Factors 
of Normal Plasma Cells

3.1.1  
 Survival and Growth Factors of Normal Plasma  
Cells and Their Generation

Plasma cells are mostly located in the bone  
marrow where they represent 0.25% of bone  

marrow mononuclear cells. Generated in the 
lymph node, due to their rarity, their generation 
and biology are poorly understood despite 
extensive studies during the last 10 years 
(Batista and Harwood 2009; Allen et al. 2007a, 
b). Naïve B cells entering into lymph node 
through high endothelial venules are selected by 
the antigen in the germinal center reaction, yield-
ing selection of B cells with high affinity immu-
noglobulins and differentiation into memory B 
cells (CD20+CD19+CD27+CD38−) and early 
plasma blasts (CD20−CD19+CD27++CD38++).

The differentiation of B cells into plasma 
cells involves profound molecular changes 
yielding a cell able to produce large amounts of 
immunoglobulins for a long time. Two sets of 
transcription factors that repress each other 
are involved in this process (Cobaleda et al. 
2007; Calame 2008); see Fig. 3.1). Activation-
dependent induction of Blimp-1: The guardian 
of B cell phenotype is PAX5, which induces 
B cell genes and represses genes as PRDM1 
and XBP1, whose gene products – Blimp-1 and 
XBP1 – are critical for plasma cell generation 
and survival. BCL6 in association with MTA3 
maintains the B cell phenotype and prolifera-
tion, down-regulating PRDM1 expression. In 
the germinal center, activation of B cells 
through B cell receptor (BCR), CD40, and/or 
Toll like receptor (TLR) results in up-regula-
tion of IRF4, down-regulation of BCL6 protein 
expression, and loss of PRDM1 repression. 
This results in down- regulation of PAX5 and 
then up-regulation of XBP1. In the centrocyte 
region, stimulation by IL-10, IL-21, or IL-6 
results in STAT3 activation yielding PRDM1 
overexpression (Ettinger et al. 2007; Schmidlin 
et al. 2009).

This results in the full engagement of B cell 
differentiation into plasmablasts, in particular 
with the switch from surface to cytoplasmic 
immunoglobulins, and induction of the unfold 
protein response driven by XBP1. The detailed 
hierarchy of this molecular regulation is not 
fully understood and still a challenging issue. 
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Recent data suggest that PAX5 down-regulation 
and consecutive XBP1 up-regulation are the 
initial driving events in plasma cell generation 
independently of Blimp-1 expression (Kallies 
et al. 2007). Other data indicate a major role of 
IRF4 whose expression is triggered by NF-kB 
signaling (Saito et al. 2007).

Plasmablasts exit into peripheral blood and 
may survive for a short period only unless they 
are recruited into bone marrow, spleen, or 
mucosa-associated lymphoid tissues depend-
ing on their chemokine receptor expression 
(Arce et al. 2004; Gonzalez-Garcia et al. 2008; 
Mei et al. 2009). Expression of sphingosine 1 
phosphate receptor 1 (S1P1) is important for 
the exit of lymph node plasmablasts into blood 
(Kabashima et al. 2006). In contact with their 
relevant niche, plasmablasts further differenti-
ate into mature plasma cells that survive inde-
pendently of antigen for several years yielding 
a long-term immunity. This explains why treat-
ment with anti-CD20 antibody does not affect 
the level of circulating immunoglobulin that is 
insured by these long-term surviving plasma 

cells (DiLillo et al. 2008). The mechanisms of 
further differentiation of plasma cells and of 
homing are partly understood. Homing of plas-
mablasts into the bone marrow is driven in part 
by L selectin-induced rolling onto bone mar-
row endothelial cells, CXCR4 activation by 
CXCL12 produced by bone marrow stromal 
cells, as well as by VLA4 expression making 
adhesion to VCAM1+ bone marrow endothelial 
cells possible. Recruitment of plasmablasts 
into mucosa-associated lymphoma tissues is in 
part mediated by CCR10 expression, making 
recruitment through CCL28 produced in 
mucosa  tissues possible (Kunkel and Butcher 
2003).

These niches provide plasmablasts the fac-
tors to survive and further differentiate into 
 long-living mature plasma cells (Tarlinton et al. 
2008). CCR10 expressing IgA+ plasmablasts are 
mainly recruited to mucosa niche by the CCL28 
chemokine (Kunkel and Butcher 2003). In the 
bone marrow, the plasma cell niche involves 
SDF-1 producing cells recruiting CXCR4+ plas-
mablasts and is shared by hematopoietic stem 
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3 cells and pre-pro-B cells (Tokoyoda et al. 2004). 
The rarity of this niche explains the low amount 
of bone marrow plasma cells and is a matter of 
regulation of normal immunoglobulin produc-
tion (Radbruch et al. 2006). “Young” plasma 
cells have to compete with the “old ones” to 
establish themselves in a niche (Odendahl et al. 
2005). A hallmark of mature plasma cells is 
their large immunoglobulin secretion, a high 
expression of the syndecan-1 proteoglycan that 
is not expressed on B cells, and a lack of most B 
cell markers except CD19. These plasma cells 
also largely express CD38.

The intercellular communication signals that 
are critical to induce this B cell differentiation 
into plasmablastic cells and plasma cells are 
poorly known. Plasmablastic cells can be highly 
expanded in vivo in patients with acute or 
chronic inflammation. They comprise syndecan-1− 

immature plasmablastic cells that can yield syn-
decan-1± plasmablastic cells (Jego et al. 1999).

We recently developed a three-step in vitro 
model of generation of polyclonal plasma cells 
starting from healthy donor’s peripheral blood 
B cells (Jourdan et al. 2009; see Fig. 3.2). It 
involves a three-step and 10-day culture system 
comprising a 4-day step 1 to activate and 
amplify memory B cells using CD40 activation, 
TLR9 stimulation by CpG oligodeoxynucle-
otides (ODN) together with IL-2, IL-10, and 
IL-15. At day 4, the culture medium is removed 
and cells are cultured for 3 days with IL-2, IL-6, 
IL-10, and IL-15 to trigger plasmablastic differ-
entiation (step 2), and in a final 3-day step 3 
with IFN-a, IL-6, and IL-15 to trigger plasma 
cell differentiation. This model allows a better 
understanding of the mechanisms controlling 
survival of plasmablastic cells in the bone 
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marrow. A first requirement to induce plasma 
cell differentiation is the abrogation of CD40 
stimulation. A second requirement is the activa-
tion of STAT3 through different cytokines as 
IL-10 and IL-6, yielding induction of PRDM1. 
A major role of IL-6 for the survival of plas-
mablasts from patients with reactive plasmacy-
tosis was demonstrated by Jego et al. (1999). 
This property of IL-6 is not surprising since the 
IL-6 gene was initially cloned in 1988 as a B 
cell differentiation factor (Yamasaki et al. 1988). 
In addition, transgenic mice expressing an IL-6 
gene driven by an Em promoter develop mas-
sive polyclonal plasmacytosis (Suematsu et al. 
1989), whereas IL-6 knockout mice have a 
defect in the production of high affinity anti-
bodies (Kopf et al. 1994). IL-21 is also a major 
cytokine driving plasma cell generation (Ozaki 

et al. 2002). For an overview of signal transduc-
tion pathways in normal and malignant plasma 
cells, see Fig. 3.3.

3.1.2  
 Inhibitory Factors Expressed by Normal Plasma Cells

Given the frequently long time from first diagno-
sis of early-stage plasma cell dyscrasias to overt 
myeloma and the mostly low proliferation rate 
of multiple myeloma cells (see below; Witzig 
et al. 1999), we hypothesize these to express a 
novel class of inhibitory factors of potential 
prognostic relevance. Due to their expression 
and ability to inhibit proliferation of myeloma 
and memory B cells (Ro et al. 2004; Kersten 
et al. 2005), bone morphogenic proteins (BMPs) 
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Fig. 3.3 Signal transduction pathways in normal and 
malignant plasma cells. The main signal transduction 
pathways in plasma cells comprise JAK/STAT 
signaling, MAPK-signaling, PI3K-signaling, and 
signaling via NF-kB. Syndecan-1 is a hallmark of 
normal and malignant plasma cells. It acts in 
concentration heparin-binding growth and survival 
factors (including IGF-1, HGF, BAFF, APRIL) at 

the cell surface and thus facilitates the interaction 
with the respective receptors. Insulin is a growth 
factor for normal plasma cells that acts via Insulin-R, 
and additionally an insulin/IGF1R hybrid receptor 
in malignant plasma cells. Inhibitory factors like 
BMP6 physiologically expressed by plasma cells 
act in terms of checks and balances on this network 
(not shown) (Modified from Klein et al. 2003)
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3 represent possible candidates. Of these, BMP6 is 
the only BMP expressed by normal and malig-
nant plasma cells (Seckinger et al. 2009; Zhan 
et al. 2002). Its expression is significantly lower 
in proliferating myeloma cells, myeloma cell 
lines, or plasmablasts. BMP6 significantly inhib-
its proliferation of myeloma cell lines, survival 
of primary myeloma cells, and in vitro angiogen-
esis. High BMP6-expression in primary myeloma 
cell samples delineates significantly superior 
overall survival for patients undergoing high-
dose chemotherapy independent of conventional 
prognostic factors (ISS-stage, beta-2-microglob-
ulin; Seckinger et al. 2009). It likewise stimu-
lates osteoblast differentiation (Ebisawa et al. 
1999), osteoclast development (Wutzl et al. 
2006), and bone formation (Cheng et al. 2003).

BMPs are members of the transforming 
growth factor-b superfamily, and act through 
binding to two different types of serine/ 
threonine kinase receptors. Three type I recep-
tors bind BMPs: activin-like kinase-2, (Alk-2, 
ACVR1), -3 (Alk-3, BMPR1A), and -6 (Alk-6, 
BMPR1B). Likewise, three type II receptors 
have been identified, i.e., BMP receptor II 
(BMPR2), activin type II receptor (ActRII, 
ACVR2), and activin type IIB receptor 
(ActRIIB, ACVR2B; Ebisawa et al. 1999). 
Both, type I and type II receptors are required 
for signaling (Kawabata et al. 1998). All BMPs 
use BMPR2, but utilize different BMP type I 
receptors. BMP6 pre ferably binds to ACVR1 
(Ro et al. 2004). Intracellular BMP-signals are 
transduced mainly by small mothers against 
decapentaplegic proteins (SMADs). Alternate 
BMP-signaling pathways include prostanoid-
generation via COX-2 (Ren et al. 2007) and 
MAPK-dependent activation of p38 or the   
Ras- and Erk-pathway (Nohe et al. 2004; Du 
et al. 2007). Both pathways have been reported 
to be present in myeloma cells (Trojan et al. 
2006; Hoang et al. 2006).

BMP, and especially BMP6, are thus of high 
interest as a novel class of inhibitory and bone 
formation stimulating factors expressed already 
by normal plasma cells.

3.2  
 Chromosomal Aberrations

3.2.1  
 Background and Methods

A plethora of numerical and structural aberra-
tions can be detected in myeloma cell samples 
of almost all patients, especially if CD138-
purified plasma cells are used (Magrangeas et al. 
2005; Kuehl and Bergsagel 2002; Chiecchio 
et al. 2006; Barlogie et al. 1985; Latreille et al. 
1980; Tienhaara and Pelliniemi 1992; Drach 
et al. 1995; Flactif et al. 1995; Fig. 3.4; Table 3.1). 
Chromosomal aberrations lead to changes in 
gene and protein expression causing malignant 
properties of myeloma cells (Magrangeas et al. 
2005), exemplified by aberrant expression of 
growth and survival factors (Sect. 3.6) but can 
likewise appear as epiphenomenon.

Three methods routinely used to assess chro-
mosomal aberrations in multiple myeloma: (1) 
metaphase cytogenetics (mCG) allow the simul-
taneous assessment of aberrations of the whole 
set of chromosomes, but is largely unable to 
detect small changes or such in terminal regions 
(e.g., translocation t(4;14); Hallek et al. 1998). 
Importantly, for detection of aberrations, this 
method prerequisites myeloma cells to prolifer-
ate to obtain metaphases and therefore measures 
the frequency of aberrations in proliferating 
myeloma cells. mCG showed an increase in the 
number of aberrations detected in early- vs. 
late-stage patients and relapsed disease (Hallek 
et al. 1998). However, this basically reflects the 
increased proliferation rate in later stages (Hose 
et al. 2010). Using proliferation-independent 
methods, i.e., (2) interphase fluorescence in situ 
hybridization (iFISH; Drach et al. 1995 et seqq.) 
iFISH (Drach et al. 1995; Flactif et al. 1995; 
Nishida et al. 1997; Fonseca et al. 2001b; Avet-
Loiseau et al. 1998) and (3)array-based com-
parative genomic hybridization (aCGH), an 
increasing frequency of aberrations from 
 early-stage plasma cell dyscrasia to overt and 
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relapsing myeloma has not been shown. iFISH 
in CD138-purified plasma cells is currently the 
workhorse of assessment of (prog nostic) chro-
mosomal aberrations and of clonal heterogene-
ity in terms of presence of subclones (Fig. 3.4, 
and see below). Before iFISH can be used, it is 

necessary to identify recurrent chromosomal 
aberrations to generate specific probes. aCGH 
does not have this prerequisite and allows 
assessment of copy number changes for hun-
dreds of thousands of loci (Carrasco et al. 2006), 
but does not allow the detection of  (prognostically 

c1 c2 c3

Fig. 3.4 Metaphase multicolor-FISH. (a) Non-
hyperdiploid karyotype with several structural 
(translocations t(1;10), t(2;2), t(4;7), t(6;8), t(11;12), 
t(19;2;19), t(1;20)) and numerical (deletion of 
chromosomes or chromosomal regions 5, 13, and 
14q, respectively). (b) Hyperdiploid karyotype with 
characteristic gain of odd numbered chromosomes, 
including 5, 9, 15, as well as several structural 

aberrations, including the recurrent translocation 
t(11;14), as well as nonrecurrent translocations, 
e.g., t(11;17) and t(1;11). (c) Frequent chromosomal 
aberrations as detected by iFISH. (C1) Gain of 
11q13 (green), normal copy number of 9q34 (red). 
(C2) Translocation t(11:14). 11q13 (green), 14q32 
(red). (C3) Translocation t(4;14). 4p16 (green), 
14q32 (red)
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relevant) balanced translocations (e.g., translo-
cation t(4;14)).

3.2.2  
 Types of Chromosomal Aberrations

Chromosomal aberrations in multiple myeloma 
can be grouped in (1) structural aberrations 
(mostly translocations, especially IgH-
translocations), and (2) numerical aberrations of 
single chromosomes or chromosomal regions 
(e.g., deletion 13q14), or changes in ploidy, i.e., 
deviations from the diploid karyotype (aneu-
ploidy). The latter are grouped according to the 
number of chromosomes: “hypodiploidy” (£45; 
karyotypes with loss of Y-chromosome as single 
 aberration are not considered abnormal), 
“pseudodiploidy” (46–47), “near tetraploidy” 
(³75), and “hyperdiploidy” (HRD, 48–74; 
Chiecchio et al. 2006). Hypodiploid, near- 
tetraploid, and pseudodiploide karyotypes are 
summarized as non-hyperdiploid (non-HRD), in 
contrast to HRD. Both represent a broad  category 
each comprising about 50% of abnormal karyo-

types (Magrangeas et al. 2005): Hyperdiploid 
karyotypes show rather “global” changes in 
terms of numerical aberrations (gains), espe-
cially of the odd chromosomes 3, 5, 7, 9, 11, 15, 
19, and 21. To the contrary, non-HRD karyo-
types are mostly characterized by structural aber-
rations (Magrangeas et al. 2005). Frequently, 
these are IgH-translocations. In analogy to con-
ventional karyotyping, iFISH can be applied to 
classify in HRD/non-HRD using a combination 
of frequently altered chromosomal regions as 
surrogate (Chiecchio et al. 2006; Wuilleme et al. 
2005; Cremer et al. 2005). An example is to 
classify as HRD if at least two regions on chro-
mosome 5, 9, and 15 are gained (Wuilleme et al. 
2005). Alternatively, a value of (+1), (−1), and 0 
is attributed for gain, loss, and lack of change 
for each if the regions 6q21, 8q21, 9q34, 11q23, 
13q14, 15q22, 17p13, 19q13, and 22q11 are sub-
sequently summed. For the resulting “copy-
number score” (CS; Hose et al. 2004, 2005; 
Cremer et al. 2005), a value of CS ³1 is defined 
as HRD, all others as non-HRD. The ploidy stage 
(HRD or non-HRD) usually does not change 
during disease progression (Chng et al. 2006).

Table 3.1 Frequency of chromosomal aberrations in multiple myeloma (%)

iFISH mCG
Neben et al. 
(2010) n = 312a

Avet-Loiseau et al. 
(2007) n = 1,000a

Chiecchio et al. 
(2006) n = 792a

Chiecchio et al. 
(2006) n = 213

Hyperdiploidy 57 40 56 62
Non-hyperdiploidy 43 60 44 39
IgH-translocation (any) n.a. n.a. 45 52
t(4;14) 13 14 12 n.a.
t(11;14) 19 21 15 15
t(6;14) n.a. n.a. n.a. 2
t(14;16) 2 n.a. n.a. 3
t(14;20) n.a. n.a. n.a. 4
Myc-translocations n.a. 13 n.a. n.a.
Deletion 17p13 10 11 9 n.a.
Deletion 13q14 46 45 48 48
1q21+ 36 40 n.a. n.a.

n.a. not assessed
aDifferent numbers of assessed patients; maximal number given (Neben et al. 2010; Avet-Loiseau et al. 
2007; Chiecchio et al. 2006)
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Two further ways to classify chromosomal 
aberrations from a theoretical point of view are 
(1) whether they exclude each other (“disjunct 
aberration”) or not (“non-disjunct aberra-
tions”), and (2) whether they are involved in the 
initial pathogenesis (“etiopathogenetic aberra-
tions”), the latter in most cases disjunct (e.g., 
t(11;14) and t(4;14)), or additive aberrations 
(non-disjunct, e.g., deletion of 17p).

3.2.3  
 Association of Chromosomal Aberrations

The appearance of several chromosomal aberra-
tions is correlated: A t(4;14) or t(14;16) is in 
85–90% of patients associated with a deletion 
of chromosome 13q14 (Kuppers and Dalla-
Favera 2001; Keats et al. 2003; Fonseca et al. 
2001a). A deletion 13 can be found in 85% of 
non-HRD malignant plasma cells, but in 
30–35% of HRD malignant plasma cells 
(Smadja et al. 2001; Santra et al. 2003). 
Myeloma cells carrying a t(11;14), t(14;16), or 
t(4;14) are mostly non-HRD (Fonseca et al. 
2003b; Magrangeas et al. 2005), those with 
nonrecurrent 14q32 translocations more fre-
quently HRD. Avet-Loiseau et al. found an 
association between del(13) and t(4;14), 
del(17p) and del(13), but not between del(17p) 

and t(4;14) (Avet-Loiseau et al. 2007). Respec-
tive associations are not described for gains of 
1q21 or losses of 17p13, see below.

3.2.4  
 Clonal, Subclonal, and Progression-Related 
Aberrations and Chromosomal Instability

Chromosomal aberrations can appear in differ-
ent percentages within the malignant plasma cell 
population of a given patient. Whereas 
 IgH-translocations as t(4;14) or ploidy state usu-
ally appear in the majority of myeloma cells, the 
frequency of malignant plasma cells in which a 
deletion 13q14 can be detected varies between 
20% and 100% (Magrangeas et al. 2005); the 
same holds true for deletion of 17p13 or gains of 
1q21 (Cremer et al. 2005). If one chromosomal 
aberration appears in ³70% of myeloma cells 
whereas another only in a smaller percentage of 
this population (20–60%), a so-called subclonal 
aberration is present. Their appearance can be 
seen as a sign for an evolution of the malignant 
plasma cell clone (Cremer et al. 2005), in which 
the subclonal aberration appeared after the clonal 
aberration (Fig. 3.5). Neither the absolute num-
ber of chromosomal aberrations nor presence 
of subclonal aberrations tested by iFISH were 
 significantly different between myeloma cells 

Clonal gain: 9q34
Subclonal loss: 13q14

13q149q34

Clonal gain: 9q34
Normal: 13q14

Clonal gain: 9q34
Clonal loss: 13q14

time

Fig. 3.5 Subclonal aberrations and chromosomal 
instability. Initially (left) a clonal gain of 9q34 (red) 
and a normal copy number regarding 13q14 (green) 
are present in all four depicted nuclei (grey). With 
time, a loss of 13q14 appears in a subfraction of 

myeloma cells (middle-left, 25%). This fraction 
increases (middle-right, 50%) until it has become a 
clonal aberration (100%, right). The detection of a 
subclonal aberration can be seen as an indicator for 
a present or past clonal instability
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3 showing a gene expression–based proliferation 
index above vs. below the median (Hose et al. 
2011). The appearance of some chromosomal 
aberrations seems to be associated with an evo-
lution of the malignant plasma cell clone: Gains 
of 1q21, e.g., are found in none of 14 individuals 
with MGUS, 43% (206/479) of newly diagnosed 
and 71% (32/45) of relapsing myeloma patients, 
as well as in 91% (21/23) of investigated human 
myeloma cell lines (Hanamura et al. 2006). The 
percentage of myeloma cells carrying a 1q21+ as 
well as the number of copies of 1q21 within 
myeloma cells of a given patient increase with 
disease progression. 1q21-aberrations are fre-
quent in terminal malignant diseases, e.g., in 
non-Hodgkin lymphoma (Le et al. 2001; Itoyama 
et al. 2002), Wilms-tumor (Lu et al. 2002), 
Ewing-sarcoma (Hattinger et al. 2002), ovarian 
cancer (Cheng et al. 2004), and breast cancer 
(Cheng et al. 2004; Zudaire et al. 2002). 
Malignant plasma cells of patients harboring a 
disease progression–associated gain of 1q21 or 
deletion of 13q14.3 show a significantly higher 
gene expression-based proliferation index, 
whereas patients with gain of chromosome 9, 
15, or 19 (hyperdiploid samples) show a signifi-
cantly lower one, see below (Hose et al. 2011).

It seemed logical that the multitude of chro-
mosomal aberrations, the increase of their 
 percentage in mCG from MGUS to relapsing 
myeloma, and the presence of subclonal aberra-
tions could be taken as evidence of an ongoing 
chromosomal instability. However, as detailed 
above, only in the proliferation-dependent mCG 
an increase of the frequency of aberrations can 
be found. This has not been documented for 
proliferation-independent methods like iFISH. 
It thus seems that at least on a macroscopic 
scale, there might have been a chromosomal 
instability during a period of myeloma develop-
ment, but there is currently no hard evidence 
that this process is continuously ongoing. This 
picture might, however, change, when high- 
resolution techniques like deep sequencing 
become available.

3.2.5  
 Prognostic Relevance of Chromosomal Aberrations

Several chromosomal aberrations show prog-
nostic relevance (see Table 3.2). Already pres-
ence of an abnormal karyotype in mCG and 
detection of abnormal metaphases are associ-
ated with shorter survival in multiple myeloma 
(Chiecchio et al. 2006).

iFISH allows a risk stratification with pres-
ence of a translocation t(4;14) and/or deletion 
of 17p13 being the best-documented adverse 
prognostic factors (Avet-Loiseau et al. 2007; 
Chiecchio et al. 2006; Keats et al. 2003; Fonseca 
et al. 2003a; Moreau et al. 2002; Chang et al. 
2004). Of etiology-associated aberrations (e.g., 
IgH-translocations), the translocation t(4;14) 
present in about 15% of patients represents a 
specific disease entity and is an independent 
risk factor despite conventional or high-dose 
treatment (Avet-Loiseau et al. 2007; Chiecchio 
et al. 2006; Keats et al. 2003; Fonseca et al. 
2003a; Moreau et al. 2002; Chang et al. 2004). 
Treatment with bortezomib or lenalidomide 
containing regimen seems to reduce the nega-
tive prognostic impact of this aberration 
(Barlogie et al. 2008; San Miguel et al. 2008; 
Avet-Loiseau et al. 2009; Knop et al. 2009; 
Reece et al. 2009).

Regarding aberrations associated with dis-
ease progression, deletion of 17p13 (Avet-
Loiseau et al. 2007; Chiecchio et al. 2006), 
gains of 1q21 (Avet-Loiseau et al. 2007; 
Hanamura et al. 2006), and deletions of 13q14 
in univariate analyses are associated with adverse 
prognosis (Avet-Loiseau et al. 2007; Chiecchio 
et al. 2006; Neben et al. 2010). Different results 
are published regarding multivariate analyses 
(Neben et al. 2010; Avet-Loiseau et al. 2007). If 
adjusted for presence of deletion 17p and 
t(4;14), deletion of 13q14.3 is no longer consid-
ered to define adverse risk (Neben et al. 2010; 
Avet-Loiseau et al. 2007). Deletion of 17p13 
remains an adverse prognostic factor in multi-
variate analyses. It likewise remains an adverse 
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3 prognostic factor for bortezomib- and lenalido-
mide-based protocols (Knop et al. 2009; Reece 
et al. 2009).

Many investigations have shown the prognos-
tic relevance of chromosomal aberrations to be 
independent of clinical parameters, in particular 
beta-2-microglobulin. Combining these para-
meters results in powerful prognostic models, 
in particular those of Facon et al. (beta-2-micro-
globulin and deletion 13; Facon et al. 2001), 
Avet-Loiseau et al. (model including t(4;14), del 
(17p), and serum beta-2-microglobulin >4 mg/
dL  Avet-Loiseau et al. 2007), or Neben et al. 
(model including t(4;14), del (17p), and ISS-
stage; Neben et al. 2010).

3.3  
 Changes in Gene Expression in Multiple 
Myeloma

Multiple myeloma cells harbor a high median 
number of chromosomal aberrations (Cremer 
et al. 2005; Fonseca et al. 2004) as discussed 
above, and multiple changes in gene expression 
compared to normal bone marrow plasma cells 
(Andersen et al. 2009, 2010; Zhan et al. 2002, 
2006). This molecular heterogeneity is thought 
to transmit into the very different survival times 
ranging from a few months to 15 or more years 
(Barlogie et al. 2006), with a median survival 
after conventional treatments of 3–4 and 
5–9 years after high-dose melphalan treatment 
followed by autologous stem cell transplantation 
(Harousseau and Moreau 2009; Barlogie et al. 
2008). On a molecular level, it seems that many 
and multiple myelomas exist (Fonseca 2003).

Gene expression profiling performed on 
CD138+ purified myeloma cells allows  assessing 
expression of (almost) all genes simultaneously 
without the need of a preselection of interesting 
genes or regions. Profiling of gene expression 
can be used (1) to classify patients due to molec-
ular entities (mostly based on unsupervised 

clustering algorithms grouping patients accord-
ing to the similarity of their expression profile), 
(2) to assess progression of pathophysiologi-
cally relevant target genes (e.g., aurora-kinase), 
(3) in expression and (to a certain extent) 
molecular entity–based risk assessment.

3.3.1  
 Gene Expression–Based Classifications  
in Myeloma

Three gene expression–based classifications 
delineate molecular groups in myeloma: the 
“molecular classification” based on differential 
gene expression in which three of seven groups 
(“proliferation,” MAF-expression, and MMSET-
 overexpression) show different survival (Zhan 
et al. 2006), the TC-classification based on trans-
locations and D-type cyclin (CCND) without 
prognostic relevance (Bergsagel and Kuehl 2005; 
Bergsagel et al. 2005), and the EC-classification 
based on chromosomal aberrations and resulting 
changes in gene expression with only one of four 
groups (t(4;14) and FGFR3-expression) showing 
adverse prognosis (Hose et al. 2004, 2005). 
Biological classifications likely remain relatively 
stable in contrast to prognostic factors prone to 
change with different treatment schedules (see 
below).

The molecular classification of Shaughnessy 
et al. (Zhan et al. 2006; groups denoted MS, MF, 
PR, Hy, D1, D2, LB) is based on unsupervised 
clustering and prediction of clustered groups, 
whereas the TC-classification by Bergsagel et al. 
(Bergsagel et al. 2005; groups denoted TC1-7) is 
centered on the hypothesis that CCND-expression 
is an early unifying event in multiple myeloma. 
The EC-classification delineates groups based 
on expression of CCND and underlying chromo-
somal aberrations. In EC1.1 and EC1.2, aberrant 
expression of CCND1, mediated by a gain of 
11q13 (the CCND1-locus; Hoechtlen-Vollmar 
et al. 2000) in EC1.1, or a translocation involv-
ing this locus in EC1.2 (Specht et al. 2004; 
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Wlodarska et al. 2004) is present. Patients in 
EC1.1 and EC2.1 are almost all hyperdiploid, 
patients in EC1.2 (mostly) and EC2.2 (all) 
 non-hyperdiploid. In groups EC2.1 and EC2.2, 
myeloma cells overexpress of the “physio logic” 
CCND2 involved in the proliferation of plasma 
cell precursors (i.e., polyclonal plasma cells), 
and expressed at a low level in normal bone mar-
row plasma cells. EC2.1 comprises patients with 
a hyperdiploid karyotype and few patients with 
rare translocations indicated by the respective 
expression pattern (e.g., t(14;16), MAF, (4/128), 
t(14;20), MAFB, (1/128), and FGFR2 (1/128)), 
and patients with t(4;14) without FGFR3 over-
expression (3/128). EC2.2 is characterized by 
the presence of the translocation t(4;14) and 
FGFR3 overexpression. CCND2-overexpression 
seems to be correlated with hyperdiploidy, or 
triggered by aberrations in physiological plasma 
cell proliferation pathways like MAF (Hurt et al. 
2004) or APRIL/TACI (via MAF; Moreaux et al. 
2005). CCND3 expression does not show sig-
nificant differences between normal bone mar-
row plasma cells, polyclonal plasma cells, or any 
of the groups. As an aberrant expression of 
CCND does not seem sufficient for oncogenic 
transformation, it is intriguing that in EC2.1 
myeloma cells carry a higher number of aber-
rantly expressed growth factors compared to low 
(EC1.1) or high (EC1.2) intrinsic CCND1 
expression. Therefore, intrinsic expression of 
CCND might mimic the effect of growth factor 
stimulation, thereby reducing the dependence of 
myeloma cells on external stimuli for prolifera-
tion and survival.

Despite methodological differences, in all 
classifications (1) a group with translocation 
t(4;14) (MS, TC7, EC2.2) and MMSET (with or 
without FGFR3 expression) is identified and (2) 
a group with translocation t(11;14)/t(11;v) with 
high CCND1 overexpression (EC1.2, TC2, sub-
divided in D1, D2 (CCND1 or CCND3 overex-
pression)). EC1.1 corresponds with TC3 (low 
CCND1, hyperdiploid), but correlates low 
CCND1 overexpression with gain of 11q13 

detected by iFISH. EC1.1 together with EC2.1 
corresponds with Hy (hyperdiploid). EC2.1 also 
comprises patients with rare translocations like 
the MAF-translocations (the latter form sepa-
rate groups, i.e., MF, TC8) or t(4;14) without 
FGFR3 overexpression. We also observed 
simultaneous CCND1 and CCND2 expression 
as defining TC4, but interpret this either as an 
evolving aberration 11q13+ (on the background 
of physiological CCND2 expression, which is 
down-regulated simultaneously with CCND1 
up-regulation), or the presence of two (sub)
clones. No correspondence with our groups 
could be found for TC6 (no CCND), as all 
patients expressed at least one of the CCND, 
LB (low bone disease), as it was not signifi-
cantly different distributed between the groups, 
and PR (proliferation), which seems to be a 
characteristic acquirable in all groups.

Taken together, gene expression profiling 
can be used to delineate different groups in 
myeloma. Some of these represent different 
entities, but it remains to be shown which are 
exclusive (disjunct), and which features can 
appear independent of delineated groups, 
e.g., emerging of a proliferative geno- and 
phenotype.

3.3.2  
 Gene Expression and Risk Stratification

Risk stratification by gene expression profiling 
is applied using four different strategies: (1) 
grouping multiple myeloma into “molecular 
groups” (entities, Sect. 3.4.1) subsequently 
investigating differences in survival between 
these groups, (2) assessing expression of a gene 
representing a potential therapeutic target and 
investigate its prognostic relevance, (3) assess-
ing surrogates of biological variables and their 
respective prognostic relevance, and (4) assess-
ing (high) risk based on association of gene 
expression with survival. The second possibil-
ity is exemplified by expression of Aurora-A 
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3 (Hose et al. 2009b) delineating significantly 
inferior survival in two independent cohorts of 
patients undergoing high-dose chemotherapy, 
independent from conventional prognostic 
 factors. Gene expression profiling could here 
allow selecting (only) patients with aurora-
kinase expression, which in turn have an adverse 
prognosis, for treatment with aurora-kinase 
inhibitors. The third possibility is exemplified 
by a gene expression–based proliferation index 
(see Sect. 3.5). Proliferation of malignant 
plasma cells, as determined by several methods, 
has been shown to be a strong adverse prognos-
tic factor (Boccadoro et al. 1984; Greipp et al. 
1988, 1993; San Miguel et al. 1995; Gastinne 
et al. 2007), independent of clinical prognostic 
factors, e.g., beta-2-microglobulin (Greipp et al. 
1993), and can likewise be assessed by gene 
expression–based proliferation indices (Zhan 
et al. 2002, 2006; Bergsagel and Kuehl 2005; 
Bergsagel et al. 2005; Hose et al. 2011); see 
below). The fourth strategy comprises the high 
risk-scores of the University of Arkansas for 
Medical Sciences (UAMS; 17/70 genes; 
Shaughnessy et al. 2007) and the Intergroup 
Francophone du Myélome (IFM; 15 genes; 
Decaux et al. 2008) by building a score over a 
set of genes associated with survival. Both 
scores allow delineating a small group of 
patients (13% and 25%, respectively) with very 
adverse prognosis in the IFM and total therapy 
2 (TT2-) dataset (both not including borte-
zomib), whereas in the TT3-cohort only the 
UAMS-score remains significant in univariate 
analysis. Thus, the UAMS-score remains its 
prognostic relevance if bortezomib is added 
to the treatment regimen (TT2 vs. TT3; 
Shaughnessy et al. 2007; Decaux et al. 2008). 
In relapsed patients treated with bortezomib 
within the APEX, SUMMIT, and CREST trials 
(n = 188), both scores significantly delineate dif-
ferent outcome, whereas in patients treated with 
dexamethasone within these trials (n = 76), only 
the UAMS-score significantly delineates a high 

risk group. No data are currently published in 
terms of independence of these scores of lenali-
domide treatment.

3.4  
 Proliferation and Cell Cycle Regulation

3.4.1  
 “Potential to Proliferate” of Normal Plasma Cells

Cell cycle progression is regulated by several 
classes of cyclin-dependent kinases and their 
inhibitors (Sherr and Roberts 1999). Following 
Murry (2004), three basic levels of cell cycle 
regulation can be delineated: (1) The “cell cycle 
machinery” mediating the continuing fluctua-
tions of cyclin-levels and activity of associated 
Cdk, (2) the subsequent targets of this machin-
ery (DNA-replication, mitosis), and (3) signal 
transduction pathways regulating this machin-
ery in response to external stimuli (Murray 
2004). Signal transduction pathways of several 
growth and survival factors converge on CCND, 
crucial for G0/G1-S progression.

Bone marrow plasma cells have the “potential 
to proliferate.” In contrast to their precursors (see 
Sect. 3.2.1), normal bone marrow plasma cells 
do not proliferate (Witzig et al. 1999; Drewinko 
et al. 1981; Hose et al. 2011) but have the “poten-
tial to proliferate”: They express necessary parts 
of the cell cycle machinery, e.g., CDK4/6, but 
likewise cell cycle breaks, e.g., Kip/Cip (p21, 
p27) and INK4-family  members (p18). Molecular 
integration of pro-proliferative (e.g., CCND2-
expression due to growth factor stimulation, e.g., 
via TACI/c-maf) and thus CCND2/CDK4/6 pro-
motion of G0/G1-trans gression and anti-prolifera-
tive signals including a cell cycle arrest as part of 
the terminal B cell differentiation (Klein et al. 
2003), i.e., BCL6-expression necessary for pro-
liferation being suppressed by PAX5-expression 
necessary for terminal differentiation (see Sect. 
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3.2.1), result in a domination of the latter (as no 
proliferation is found).

On the background of this balanced “poten-
tial to proliferate” of normal plasma cells, it is 
not surprising that aberrations in signaling or 
components of the cell cycle machinery can 
lead to (in the beginning slow) accumulation of 
plasma cells.

3.4.2  
 D-Type Cyclin Expression in Myeloma

Changes in signal transduction chains can lead 
to an increased (e.g., c-myc – CCND2) or 
aberrant CCND-expression, as can be medi-
ated directly due to chromosomal aberrations 
at the cyclin-loci (e.g., translocation t(11;14) 
– aberrant expression of CCND1). An over or 
aberrant expression of CCND, frequent in 
malignant diseases (Sherr 1996; Sherr and 
Roberts 2004), is a hallmark of multiple 
myeloma (Bergsagel and Kuehl 2003). 
Compared to normal bone marrow plasma 
cells, almost all myeloma cells show a higher 
expression of at least one of the CCND. About 
half of the myeloma patients show an overex-
pression of CCND2 (expressed in bone mar-
row plasma cells) the other half an aberrant 
expression of CCND1 (not expressed in bone 
marrow plasma cells or cells of the B cell lin-
eage). Aberrant expression of CCND3 is rare 
(<5% of myeloma patients). Aberrant expres-
sion can be caused by direct mechanisms: 
translocations involving the 11q13-locus and 
the heavy chain (IgH)-locus, 14q32, i.e., a 
t(11;14) leading to high CCND1-expression, 
rarely of light chain genes (t(2;11), t(11;22)). 
Linked to hyperdiploidy, gains of 11q13 lead 
to an aberrant CCND1-expression (lower com-
pared to the one by t(11;14)). CCND3-expression 
(at least high) is mediated by a t(6;14) trans-
location involving the CCND3-locus at 6p21. 
In contrast, CCND2-overexpression is mostly 

indirectly mediated, i.e., by alterations in the 
signal transduction chain (e.g., t(4;14); aberrant 
FGFR3-expression).

CCND exemplify the general concept that 
different molecular alterations converge onto 
the same oncogenic pathways.

3.4.3  
 Proliferation of Malignant Plasma Cells

Despite a general CCND (over)expression 
(Bergsagel and Kuehl 2003; Hose et al. 2004, 
2005) malignant plasma mostly show only a 
low proliferation rate (Drewinko et al. 1981; 
see Fig. 3.6). This rate increases from MGUS-
patients over newly diagnosed and relapsed 
patients (Witzig et al. 1999; Bergsagel et al. 
2005; Hose et al. 2011). Proliferation of malig-
nant plasma cells is measured by various meth-
ods including 3H-thymidine uptake (Latreille 
et al. 1982; Boccadoro et al. 1984), 
Bromodeoxyu ridine uptake (Schambeck et al. 
1995; Lokhorst et al. 1986; Greipp et al. 1987), 
cell cycle  analysis using propidium iodide, 
 percentage of Ki67-expressing myeloma cells 
(Alexandrakis et al. 2004), and gene expres-
sion–based pro liferation indices based on 
selected genes (Rosenwald et al. 2003; Bergsagel 
et al. 2005; Zhan et al. 2006). An example of the 
latter is the index by Shaughnessy et al. using 
the normalized expression-values of 11 genes 
associated with proliferation (TOP2A, BIRC5, 
CCNB2, NEK2, ANAPC7, STK6, BUB1, CDC2, 
C10orf3, ASPM, and CDCA1) scaled to the 
maximum within 22 normal bone marrow 
plasma cell samples (proliferation index of bone 
marrow plasma cells defined as 1; Zhan et al. 
2006). Bergsagel et al. used the median of 12 
genes associated with proliferation (TYMS, 
TK1, CCNB1, MKI67, KIAA101, KIAA0186, 
CKS1B, TOP2A, UBE2C, ZWINT, TRIP13, and 
KIF11) scaled to the maximum values over all 
samples (Bergsagel et al. 2005). Our group 
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3

 proposed a gene expression–based proliferation 
index  consisting of 50 genes (Hose et al. 2011). 
Proliferation of malignant plasma cells as assessed 
by different methods appears as strong prognostic 
factors in several analyses (Boccadoro et al. 1984; 
Greipp et al. 1988; San Miguel et al. 1995; Greipp 
et al. 1993; Gastinne et al. 2007; Zhan et al. 2006; 
Shaughnessy et al. 2007), independent of conven-
tional prognostic factors, e.g., beta-2-microglob-
ulin (Greipp et al. 1993), ISS, or presence of 
translocation t(4;14) (Hose et al. 2011).

3.5  
 Myeloma Cell Survival and Proliferation 
Factors

Numerous studies have been devoted to the 
identification of myeloma cell growth factors 
and to the signaling pathways leading to sur-
vival and/or proliferation of myeloma cells. A 
first category of factors activates the PI-3 kinase/
AKT and MAP kinase pathways (IGF-1,  insulin, 

Fig. 3.6 Cell cycle analysis. Depicted is the core 
cell cycle machine for a particular patient (S167/02) 
relative to the median expression of the respective 
gene in seven bone marrow plasma cell (BMPC) 
samples. The patient harbors a hyperdiploid 
karyotype, gain of 11q13 without the presence of a 
translocation t(11;14), and an aberrant CCND1 
expression (i.e., overexpression compared to 
BMPCs in which CCND1 is not expressed). In 
terms of molecular classification, the patient is 
attributed to EC1.1, TC 4p16, and Hy (hyperdiploid) 

in the molecular classification (see Sect. 3.4.1). 
Overexpressed genes are depicted in red (e.g., 
CCND1), under-expressed in green. A green 
border depicts down-regulation if a gene is 
represented by more than one probeset (here 
CCND2 is down-regulated for one probeset 
compared to BMPCs). Grey implies no differential 
expression. Structures not encoded by a single 
gene (e.g., APC) are depicted in white. Note that 
this myeloma cell sample shows a relatively 
unaltered cell cycle
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EGF family, HGF). A second category  activates 
the JAK/STAT and MAP kinase pathways (IL-
6, IFNa, IL-10, IL-21) and a third category the 
NF-kappa B pathways (BAFF/APRIL, TNF). 
See Fig. 3.3.

3.5.1  
 Interferon Alpha/Interleukin-6 Family 
and Activation of the JAK/STAT and MAP 
Kinase Pathways

IL-6 binds to a specific receptor (IL-6R) and the 
complex IL-6/IL-6R binds and induces the 
homodimerization of the gp130 IL-6 transducer 
(Heinrich et al. 2003). A remarkable feature of 
IL-6R is that its soluble form (sIL-6R) is an 
agonist molecule. It binds IL-6 with the same 
affinity as membrane IL-6R and the complex 
IL-6/sIL-6R binds and activates gp130 (Heinrich 
et al. 2003). The evidences of a major role of 
IL-6 in the survival and proliferation of malig-
nant plasma cells are accumulated since the 
 initial reports by others and us 14 years ago 
(Klein et al. 1989; Kawano et al. 1988). These 
evidences are the following:

1. Antibodies to IL-6 block myeloma cell pro-
liferation and reduce the number of myeloma 
cells in cultures of patients’ bone marrow 
cells in vitro by 50% (Klein et al. 1989; 
Zhang et al. 1992).

2. Injection of anti-IL-6 mAb inhibited 
myeloma cell proliferation in patients with 
terminal disease (Klein et al. 1991; Bataille 
et al. 1995) if the antibody was injected at a 
sufficient concentration to block the large 
IL-6 production in vivo (Lu et al. 1995a).

3. Serum levels of IL-6 and soluble IL-6R are 
increased in patients with multiple myeloma 
in association with a poor prognosis (Bataille 
et al. 1989; Gaillard et al. 1993).

4. IL-6 is overproduced by the bone marrow 
environment of patients with multiple 
myeloma, mainly by monocytes, myeloid 

cells, and stromal cells (Klein et al. 1989; 
Portier et al. 1991; Mahtouk et al. 2010). 
This production of IL-6 by the tumor envi-
ronment is mostly mediated by IL-1 that is 
produced by monocytes and myeloma cells 
(Klein et al. 1989; Mahtouk et al. 2010; 
Costes et al. 1998). IL-1 induces PGE2 syn-
thesis that further triggers IL-6 production 
(Costes et al. 1998). Thus inhibitors of IL-1 
as the IL-1 receptor antagonists or of 
PGE2 synthesis might be interesting to block 
IL-6 production in patients with  multiple 
myeloma. A similar mechanism was shown 
in the model of murine plasmacytoma in 
BALB/C mice. The generation of plasmacy-
tomas was blocked by chronic administra-
tion of indomethacin that inhibited PGE2 
synthesis and the large IL-6  production by 
the inflammatory environment (Hinson et al. 
1996). Myeloma cells can also directly trig-
ger IL-6 production by direct contact with 
bone marrow stromal cells by unidentified 
mechanisms (Uchiyama et al. 1993).

5. Cell lines whose survival is dependent on 
addition of exogenous IL-6 can be obtained 
from patients with extramedullary prolifera-
tion (Zhang et al. 1994a).

6. Mice transgenic with an IL-6 gene driven by 
the Em promoter develops massive poly-
clonal plasmacytosis (Suematsu et al. 1989). 
When crossed with murine BALB/c mice 
that spontaneously develop plasmacytomas, 
these crossed mice develop malignant 
plasma cells (Suematsu et al. 1992). In 
 addition, knockout of IL-6 gene abrogated 
the generation of malignant plasmacytomas 
in BALB/C mice primed with mineral oil 
(Lattanzio et al. 1997).

Other cytokines of the IL-6 family are also 
myeloma cell growth factors due to the expres-
sion of specific receptors: OSM, CNTF, IL-11, 
LIF (Zhang et al. 1994b). But these factors are 
likely not involved in the emergence of the dis-
ease in vivo as they are weakly produced by the 
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3 tumor or its environment (Mahtouk et al. 2010). 
In our hands, we found that interferon-alpha 
(IFNa) is also a myeloma cell survival factor 
that is independent of IL-6 (Jourdan et al. 1991; 
Ferlin-Bezombes et al. 1998). IFNa activated 
the JAK/STAT and MAP kinase pathways as 
IL-6, in particular STAT3 phosphorylation 
(Lu et al. 1995a). Other groups found that IFNa 
could block myeloma cell proliferation. This 
discrepancy might be explained by the ability of 
IFNa to induce P19 inhibitor in some cell lines 
yielding to apoptosis (Arora and Jelinek 1998). 
Finally, IL-10 and IL-21 are also myeloma cell 
growth factors (Lu et al. 1995b; Menoret et al. 
2008). IL-10 works through induction of auto-
crine loops of cytokines of the IL-6 family 
(Gu et al. 1996).

The myeloma cell survival activity of these 
cytokines is partly mediated by the phosphory-
lation of STAT3 by JAK kinases activated by the 
gp130 IL-6 transducer or IFN receptor. Blockade 
of JAK/STAT pathway by AG490 inhibits 
STAT3 phosphorylation and induces myeloma 
cell apoptosis (De Vos et al. 2000). STAT3 bind-
ing elements are found in the promoters of sev-
eral anti-apoptotic proteins: MCL-1, bcl-2, 
bcl-xL. Among ten anti-apoptotic and pro-apop-
totic proteins, we found that only MCL-1 was 
regulated by IL-6 or IFNa (Jourdan et al. 2000). 
Other groups suggested that bcl-xL was the 
main anti-apoptotic protein controlled by IL-6 
in myeloma cells (Catlett-Falcone et al. 1999; 
Puthier et al. 1999), but a study emphasized that 
only a blockade of MCL-1, unlike bcl-2 or bcl-
xL, could inhibit myeloma cell  survival (Derenne 
et al. 2002). In addition, we found that induction 
of the constitutive production of MCL-1 by ret-
roviral vector is sufficient to promote myeloma 
cell proliferation independently of IL-6 (Jourdan 
et al. 2003). IL-6 was reported to activate AKT 
kinase in myeloma cells that is able to trigger 
various signaling pathways (Tu et al. 2000). 
AKT activation can be mediated by STAT3 that 
can trigger PI-3 kinase activation (Pfeffer et al. 

1997). In our experience, we found a weak AKT 
phosphorylation in only some IL-6-dependent 
cell lines. Actually, the IL-6-induced AKT phos-
phorylation in myeloma cells is weak and tran-
sient as compared to that induced by IL-6 
(Mitsiades et al. 2002). PI-3 kinase-mediated 
AKT phosphorylation appears critical in pro-
moting proliferation of myeloma cell lines since 
PI-3 kinase inhibitors abrogate it unlike MAP 
kinase inhibitors (Qiang et al. 2002; Pene et al. 
2002).

3.5.2  
 Factors Activating the PI-3 and MAP Kinase 
Pathways: Insulin-Like Growth Factor 1,  
Heparin-Binding Growth Factors

3.5.2.1  
 Insulin-Like Growth Factor 1 (IGF-1)

IGF-1 plays likely a major role in myeloma 
in vivo. It is a survival and proliferation factor 
for most myeloma cell lines and primary 
myeloma cells (Georgii-Hemming et al. 1996; 
Jelinek et al. 1997). The reason is that IGF-1 
receptor (IGF-1R) is aberrantly expressed by 
myeloma cells in association with poor progno-
sis (Sprynski et al. 2009). Indeed, IGF-1R is not 
expressed by normal plasma cells generated 
in vitro or in vivo. The reason for aberrant 
IGF-1R expression on myeloma cells is not 
known.

Large amount of IGF-1 are present in the 
bone marrow from patients (Hose et al. 2009a). 
First, IGF-1 gene is induced in the process of B 
to plasma cell differentiation and is also highly 
expressed by malignant plasma cells (Mahtouk 
et al. 2010). IGF-1 is also produced by osteo-
clasts (Mahtouk et al. 2010). Large amount of 
IGF-1 circulate in the blood in the form of a 
trimeric complex with IGF-BP3 and acid labile 
subunit in healthy individuals. IGF-1 plasma 
levels are not increased in patients with 



573 Molecular Pathogenesis of Multiple Myeloma 

multiple myeloma but are predictive of a poor 
survival (Standal et al. 2002). The biology of 
IGF-1 is complex since several IGF-binding 
proteins, mostly IGF-BP3, circulate at high 
concentrations and neutralize IGF-1 (Duan 
2002). Cells may also express IGF-binding pro-
teins that contribute to the biological activity of 
IGF-1 and disrupt the circulating IGF/IGF-BP 
complexes (Mahtouk et al. 2010). Myeloma 
cells also highly express the proteoglycan syn-
decan-1 (CD138) and can thus bind these tri-
meric complexes through IGF-BP3 (Beattie 
et al. 2005). This results in a weakening of the 
acid labile subunit binding and release of IGF-1 
at the cell membrane of myeloma cells. Thus, 
IGF-1R is aberrantly expressed by myeloma 
cells, which produced IGF-1 and are bathed 
in vivo in large concentrations of IGF-1.

Regarding the transduction pathways, IGF-1 
activates mainly PI-3 kinase pathway and in 
particular the phosphorylation of AKT protein 
(Sprynski et al. 2009; Ge and Rudikoff 2000) 
and its effect is independent of an activation of 
the JAK/STAT pathway (Jelinek et al. 1997; 
Ferlin et al. 2000). IGF-1 also induces MAP 
kinase phosphorylation (Sprynski et al. 2009; 
Ge and Rudikoff 2000). An inhibitor of PI-3 
kinase pathway unlike a MAP kinase inhibitor 
(Qiang et al. 2002; Sprynski et al. 2009) blocks 
the myeloma growth factor activity of IGF-1. 
One mechanism of action of AKT is the phos-
phorylation of the pro-apoptotic protein Bad 
that induces its sequestration by the 14-13-3 
protein and prevents its migration to mitochon-
drial membrane (Ge and Rudikoff 2000). The 
PI-3 kinase/AKT pathway in myeloma cells 
phosphorylates other proteins: the P70S6-
kinase, forkhead proteins, and the glycogen 
synthase kinase-3 beta (GSK3b; Qiang et al. 
2002; Pene et al. 2002; Hideshima et al. 2001). 
Phosphorylation of these proteins contributes to 
blockade of apoptosis and activation of cell 
cycle in various models. In particular, IGF-1 
induces CCND1 and Skp2 expression and 

down-regulation of P27kip1 in myeloma cells 
(Pene et al. 2002). In addition, it was shown in 
one myeloma cell line that the PI-3 kinase/AKT 
pathway may activate the NF-kappa B pathway 
and expression of several targets of NF-kappa B 
involved in cell survival: A1/Bfl1, cIAP2, XIAP, 
survivin, FLIP (Mitsiades et al. 2002).

Transfection of myeloma cells with an acti-
vated AKT enhances tumor growth and protects 
from dexamethasone-induced apoptosis and 
expression of AKT dominant negative results in 
inhibition of IL-6-induced proliferation of 
myeloma cells (Hsu et al. 2002). The impor-
tance of the PI-3 kinase/AKT pathways for the 
 survival and proliferation of myeloma cells is 
emphasized by deletion/mutation of the PTEN 
gene in some myeloma cells (Ge and Rudikoff 
2000). PTEN is a phosphatase inhibiting the 
PI-3 kinase/AKT pathway and its deletion 
results in a high activation of PI-3 K/AKT 
pathway.

3.5.2.2  
 Insulin

Insulin and IGF-1 as well as their receptors are 
closely related molecules but both factors bind 
to the receptor of the other one with a weak 
affinity. Large levels of insulin are available in 
the blood plasma, produced by pancreatic beta 
cells in response to glucose level. The role of 
insulin in multiple myeloma was poorly stud-
ied. We have shown that insulin receptor (INSR) 
is increased throughout normal plasma cell dif-
ferentiation (Sprynski et al. 2009). The INSR 
gene is also expressed by myeloma cells of 
newly diagnosed patients. Insulin is a myeloma 
cell growth factor as potent as IGF-1 at physio-
logical concentrations and requires the presence 
of insulin/IGF-1 hybrid receptors, stimula-
ting INSR+IGF-1R+ myeloma cells, unlike 
INSR+IGF-1R− or INSR−IGF-1R− myeloma 
cells (Sprynski et al. 2009). Immunoprecipitation 



58 B. Klein et al.

3 experiments indicated that INSR is linked with 
IGF-1R in myeloma cells and that insulin 
induced both IGF-1R and INSR phosphoryla-
tion and vice versa. Further therapeutic strate-
gies targeting the IGF-IGF-1R pathway have to 
take into account neutralizing the IGF-1R-
mediated insulin myeloma cell growth factor 
activity.

3.5.3  
 Heparin-Binding Factors

A hallmark of plasma cell differentiation is 
the expression of the proteoglycan syndecan-1 
(CD138; Wijdenes et al. 1996; Costes et al. 
1999). This heparan-sulfate protein has many 
biological activities and in particular is able to 
bind heparin-binding growth factors and pres-
ent them to their specific receptors (Sanderson 
and Yang 2008). Thus, it is not surprising that 
several myeloma cell growth factors are 
 heparin-binding molecules. Antibodies against 
CD138 are used for myeloma cell purification 
in clinical routine.

3.5.3.1  
 Heparin-Binding Epidermal Growth Factors

Using Atlas microarrays, we initially found that 
myeloma cell lines overexpress HB-EGF gene 
compared to EBV-transformed B cell lines or 
normal plasmablastic cells and that inhibitors of 
HB-EGF can block the IL-6-dependent survival 
of these myeloma cell lines (De Vos et al. 2001). 
Actually, we found that myeloma cells can bind 
large levels of EGF family molecules through 
heparan-sulfate chain of syndecan-1 molecules 
(Mahtouk et al. 2006). Myeloma cells express 
the four receptors of EGF family, ErbB1 through 
ErbB4. ErbB1 and ErbB2 are also expressed by 
normal plasma cells while ErbB3 and ErbB4 
are aberrantly expressed by myeloma cells 

(Mahtouk et al. 2005). EGF members trigger 
the PI-3 kinase/AKT and MAPK pathways in 
myeloma cells, unlike STAT3 phosphorylation 
(Mahtouk et al. 2004). An inhibitor of the 
tyrosine kinase activity of these receptors can 
kill myeloma cells as well as primary myeloma 
cells (Mahtouk et al. 2004). We have also found 
that the EGF family members cooperate with 
IL-6 to trigger an optimal survival of myeloma 
cells, likely through an interaction between the 
transducer chains, gp130, and EGF receptors 
(Wang et al. 2002). These data indicate that 
ErbB inhibitors can potentiate dexamethasone-
induced apoptosis of myeloma cell lines and of 
primary myeloma cells of most patients and 
suggest that they might improve treatment of 
patients with multiple myeloma.

3.5.3.2  
 Hepatocyte Growth Factor (HGF)

A study has shown that HGF is also a growth 
factor for myeloma cell lines (Derksen et al. 
2002). HGF activity is blocked by removal of 
heparan-sulfate chains of syndecan-1 with 
 heparitinase. This result indicates that synde-
can-1 is critical to capture heparin-binding HGF 
and to present it to its receptor, cMet. Whether 
HGF cooperates with IL-6 to trigger myeloma 
cell survival was not investigated. Noteworthy, 
the XG-1 cell line used in this study was ini-
tially obtained in our laboratory and produces a 
low amount of autocrine IL-6 (Jourdan et al. 
2005) that is sufficient to induce the HB-EGF 
activity. HGF is likely involved in the biology 
of myeloma. Indeed, HGF is expressed by 75% 
of myeloma cell samples, its serum level is 
increased and it is a prognostic factor in patients 
with multiple myeloma (Seidel et al. 1998). As 
HGF increases bone resorption, it may also be 
involved in the abnormal osteoclast resorption 
in patients with multiple myeloma (Hjertner 
et al. 1999).
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3.5.3.3  
 Fibroblast Growth Factor (FGF)

A role of FGF in myeloma is suggested by the 
finding of a t(4;14) translocation affecting the 
FGF receptor type 3 in 15% of patients with 
multiple myeloma (Avet-Loiseau et al. 1998) 
(see Sect. 3.3.5). FGFs likely play an important 
role in myeloma biology because they bind 
 syndecan-1 as HB-EGF or HGF and activation 
of FGFR3 induces the PI-3 kinase/AKT  pathway 
that is critical for myeloma cell survival and 
proliferation.

3.5.4  
 Factors Activating NF-Kappa B: BAFF Family

BAFF and APRIL belong to the TNF family 
and activate at least three receptors of the TNF 
receptor family: BAFF-R, BCMA, and TACI. 
BAFF proteins are critical for the survival of B 
cells and may be involved in systematic lupus 
erythematosus. Activation of BAFF receptor 
family results in triggering the NF-kappa B 
pathway and likely other unidentified path-
ways (Mackay and Schneider 2009). Using 
DNA microarray or flow cytometric analysis, 
we and others found myeloma cells to express 
the two BAFF receptors, BCMA and TACI 
(Moreaux et al. 2004, 2009; Novak et al. 2004). 
BAFF-R is rarely expressed by myeloma cells 
(Moreaux et al. 2009). This observation 
prompted us to look for a role of the BAFF/
APRIL in the survival/proliferation of myeloma 
cells. We found that two BAFF family pro-
teins, BAFF or APRIL, are potent survival and 
proliferation factors of myeloma cells, depend-
ing on their expression of BAFF-R or TACI. In 
addition, BAFF or APRIL can protect myeloma 
cells from dexamethasone-induced apoptosis 
(Moreaux et al. 2004). Only a part of human 
myeloma cell lines do express TACI (Moreaux 
et al. 2007). As for primary myeloma cells, the 

TACI+ myeloma cells have a mature plasma 
cell gene expression profiling (Moreaux et al. 
2005). The results prompted us to perform a 
phase I trial with a BAFF/APRIL inhibitor, a 
TACI receptor fused with Fc fragment of 
human immunoglobulin (Rossi et al. 2009). 
TACI-Fc is a dimer. We observed a lack of 
 toxicity of the treatment, a decrease in the con-
centration of polyclonal immunoglobulins in 
some patients indicating an inhibition of the 
survival of normal plasma cells. A stabiliza-
tion of the disease was found for some of these 
patients with refractory disease (Rossi et al. 
2009).

3.5.5  
 Hierarchy of Myeloma Cell Growth Factors 
and Potential Clinical Applications

In the end, a minimum amount of growth fac-
tors need to be present in conjunction with 
chromosomal aberrations (see Sect. 3.3) to 
overcome the cell cycle break present in normal 
plasma cells (see Sect. 3.5). Some of the differ-
ent components seem to be interchangeable, to 
a certain degree. High intrinsic CCND-
expression (e.g., CCND1 as present in t(11;14)) 
might reduce the dependence on extrinsic 
growth factor stimulation. As reviewed above, 
several growth factors of myeloma cells have 
been documented, in particular because they 
are also critical for the generation of normal 
plasma cells: IL-6, IL-10, IL-21, IFNa, BAFF, 
and APRIL.

An exception is IGF-1 whose receptor is 
aberrantly expressed by about 50% of primary 
myeloma cells of newly diagnosed patients in 
association with a poor prognosis and 90% of 
myeloma cell lines (Sprynski et al. 2009). This 
aberrant IGF-1R expression confers a major 
myeloma cell growth activity to IGF-1 but also 
to insulin, both molecules being abundant 
in vivo.



60 B. Klein et al.

3 In agreement with this pathophysiological 
observation, we and others have found IGF-1 
being the major growth factor for myeloma 
cells, the effect of other growth factors being 
dependent in part on the activation of IGF-1R 
by IGF-1. This is the case for IL-6, IL-21, EGF 
family members, and HGF (Menoret et al. 2008; 
Sprynski et al. 2009). The effect of IGF-1 is 
dependent on the expression of CD45 by 
myeloma cells. Indeed, the phosphatase CD45 
can dephosphorylate and inactivate IGF-1R, 
conferring an important role for IL-6 to trigger 
the growth of CD45+ myeloma cells (Descamps 
et al. 2006).

Another major point is the role played by 
syndecan-1 in myeloma biology. Syndecan-1 
with three heparan-sulfate chains and two 
 chondroitin-sulfate ones is mandatory for 
human myeloma cell growth in animal models. 
Targeting syndecan-1 or the heparan-sulfate 
chain synthesis blocks myeloma cell growth 
in vivo (Reijmers et al. 2010). Syndecan-1 may 
bind large amounts of growth factors (Mahtouk 
et al. 2006) and mobilize them close to growth 
factor receptors. This is likely the case for IGF-
1, which circulates at a large concentration in 
the form of an inactive complex that can be dis-
rupted by binding to syndecan-1.

Clinical implications of these findings are 
that targeting IGF-1R should be of major inter-
est. One has to be aware of using inhibitors 
blocking both IGF-1 activation of IGF-1R 
homodimeric receptors and also insulin activa-
tion of IGF-1R/INSR hybrid receptors. IL-6 
inhibitors should be also of major interest. 
These growth factor inhibitors have not to be 
used alone, since at the stop of the treatment, 
resumption of tumor growth will occur. This 
was observed in patients treated with anti-IL-6 
antibodies. Inhibitors of myeloma cell growth 
factors have to be used in combination with 
cytotoxic agents as melphalan, dexamethasone, 

or bortezomib. Indeed, these growth factors can 
increase the resistance of myeloma cells to 
these drugs in vivo. In particular, we have doc-
umented the rise of large amounts of IL-6 
9 days after high-dose melphalan in vivo 
(Condomines et al. 2010). This huge concentra-
tion of IL-6 will facilitate melphalan-resistant 
myeloma cells to repair their lesions in vivo. 
We have performed a phase II trial with anti-
IL-6 antibody in association with high-dose 
melphalan (Rossi et al. 2005). This trial has 
shown the lack of toxicity of blocking IL-6 
throughout high-dose melphalan and stem cell 
transplantation. It has also shown that patients 
treated with high-dose melphalan, stem trans-
plantation, and anti-IL-6 had a survival advan-
tage when mixed with a large series of matched 
patients treated with melphalan and stem cell 
transplantation alone (Rossi et al. 2005). In 
addition, drugs targeting efficiently the hepa-
ran-sulfate chains of syndecan-1, highly 
expressed by myeloma cells, will inhibit the 
biological effect of the majority of myeloma 
cell growth factors.

3.6  
 Multiple Myeloma Cells  
and the Microenvironment

Multiple myeloma is characterized by a pro-
gressive accumulation of myeloma cells within 
the bone marrow and a concomitant transforma-
tion of the bone marrow microenvironment. 
Hallmarks of the transformation process in the 
bone marrow are development of bone disease, 
impaired  cellular immunity, and (increased) 
bone marrow angiogenesis (Chap. 4). We dis-
cuss in the following in depth the reciprocal 
interaction of myeloma cells and bone turnover 
as an example.
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Fig. 3.7 Myeloma-induced bone 
defects. (a) Physiological 
situation. Bone formation by 
osteoblasts (light blue) and bone 
resorption by osteoclasts (red) are 
coupled. (b) In multiple 
myeloma, initially a higher bone 
resorption is found while bone 
formation keeps the pace (intact 
“bone remodeling 
compartments”, BRCs). (c) If 
BRCs are disrupted due to 
interaction with myeloma cells 
(violet), bone resorption is 
increased and bone formation 
almost completely abrogated

3.6.1  
 Pathogenesis of Myeloma-Induced Bone Disease

As normal plasma cells, myeloma cells are in 
tight bidirectional interaction with other cellular 
populations of the microenvironment as well as 
the extracellular matrix (Nagasawa 2006; 
Yaccoby et al. 2004; Abe et al. 2004). On the one 
hand, the bone marrow microenvironment forms 
a niche influencing plasma and myeloma cells 
being essential for their survival: Growth and sur-
vival factors like APRIL or IGF-1 are produced 
by osteoclasts (Moreaux et al. 2004; Sprynski 
et al. 2009), or, like IGF-1, liberated when 

 bone-matrix is degraded during bone  turnover. 
Additionally, a direct, e.g., integrin-mediated, 
interaction with fibronectin within the bone-matrix 
takes place (Shain et al. 2009; Tai et al. 2003). 
Furthermore, osteoclasts stimulate myeloma cell 
survival and proliferation via direct interaction 
(Yaccoby et al. 2004; Abe et al. 2004), especially 
involving a4b1-integrin (Mori et al. 2004). On the 
other hand, myeloma cells influence the bone 
marrow microenvironment by increasing the 
number and activity of osteoclasts while reducing 
number and activity of osteoblasts, and destroying 
the three-dimensional structure of the bone 
remodeling compartment (BRC; see Fig. 3.7).
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3 (1) Increase in osteoclast number and activ-
ity: Normal and malignant plasma cells produce 
osteoclast-activating or osteoclast-generating 
mediators like vascular endothelial growth fac-
tor A (VEGFA; (Hose et al. 2009a). In a co-cul-
ture model of osteoclasts and myeloma cells, a 
simultaneous inhibition of VEGF and osteopon-
tin inhibits angiogenesis and bone resorption 
almost completely (Tanaka et al. 2007). In vitro, 
VEGF can substitute the stimulating effect of 
macrophage-colony stimulating factor (M-CSF) 
on differentiation of osteoclasts (Niida et al. 
1999). Further factors are macrophage inflam-
matory proteins (MIP)-1a and MIP-1b (Terpos 
et al. 2003a), which directly increase production 
rate and resorption activity of osteoclasts by 
binding to the receptors CCR1 and CCR5 (Oba 
et al. 2005). At the same time, they increase 
expression of receptor activator nuclear factor 
kappa B ligand (RANKL)- and IL-6 expression 
by bone marrow stromal cells and indirectly 
stimulate osteoclasts (Abe et al. 2002; Oba et al. 
2005; see below). Furthermore, myeloma cells 
shift the OPG:RANKL-ratio on osteoblasts by 
aberrant expression of Wnt-signaling inhibitors 
like dickkopf 1 (DKK1; Tian et al. 2003) or 
secreted frizzled related  protein-2 (sFRP-2; 
Oshima et al. 2005). Physio logically, DKK1 is 
produced by bone marrow stromal cells and 
osteoblasts. DKK1 inhibits Wnt3A-signaling 
via LRP5/6 leading to a consecutive shift in the 
OPG:RANKL-expression on osteoblasts in 
favor of RANKL. Osteo protegerin (OPG) like-
wise produced by osteoblasts and bone marrow 
stromal cells is, as soluble decoy-receptor for 
RANKL, its physiological antagonist (Simonet 
et al. 1997). OPG-secretion by bone marrow 
stromal cells and osteoblasts is reduced after 
direct cellular interaction with myeloma cells 
(Pearse et al. 2001; Giuliani et al. 2001). 
Compared to healthy  individuals, myeloma 
patients show increased RANKL- and decreased 
OPG-serum levels (Pearse et al. 2001; Giuliani 
et al. 2001; Politou et al. 2004). Increas -
ing serum-RANKL:OPG-ratios correlate with 

extent of disease and survival (Terpos et al. 
2003b). Whether RANKL is also expressed by 
primary myeloma cells or myeloma cell lines is 
discussed controversially (Sezer et al. 2002; 
Giuliani et al. 2001, 2002; Yaccoby et al. 2007; 
Haaber et al. 2008). Increased RANKL-
expression by osteoblasts and bone marrow 
stromal cells (Pearse et al. 2001) is a central fea-
ture. Interaction with receptor activator of 
nuclear factor-kB (RANK) on osteoclast-pre-
cursors and osteoclasts stimulates production 
and resorption activity of osteoclasts (Lacey 
et al. 1998).

(2) Reducing the number of osteoblasts: 
Myeloma cells express functional inhibitors of 
the differentiation from mesenchymal stromal 
(stem) cells to osteoblasts. An example is HGF. 
HGF is expressed by malignant plasma cells of 
about 60% of myeloma patients (Standal et al. 
2007; Hose et al. 2009a). High serum-HGF-level 
correlate here negatively with the serum level of 
bone-specific alkaline phosphatase (as marker of 
osteoblast activity; Standal et al. 2007). In vitro, 
HGF inhibits BMP-induced osteoblastogenesis 
from mesenchymal stromal cells (Standal et al. 
2007). It lifts the BMP-induced arrest of prolif-
eration of mesenchymal stromal cells necessary 
for differentiation. A direct cell-to-cell interac-
tion between myeloma cells and bone marrow 
stromal cells leads to increased IL-6 and 
RANKL-production whereas OPG-production 
is concomitantly reduced (Giuliani et al. 2001; 
Shipman and Croucher 2003), in turn again 
stimulating osteoclastogenesis.

(3) (Self-)limiting interaction: We and oth-
ers have shown recently that normal as well as 
malignant plasma cells produce factors stimu-
lating osteoblast differentiation and activity, 
e.g., BMP6 (Seckinger et al. 2009) or adrenom-
edullin (Cornish et al. 1997; see Sect. 3.2.2). 
This could be eventually interpreted as self-
limitation of the impact of plasma and 
myeloma cells on bone turnover, in analogy to 
osteoblasts, which likewise produce RANKL 
and OPG.
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Taken together, myeloma cells have the abil-
ity to induce a reduced number of osteoblasts 
with a RANKL:OPG-ratio shifted to RANKL 
(osteoclastogenesis), and an increased number 
and activity of osteoclasts (see Fig. 3.7). To 
understand the in vivo situation, however, the 
microanatomical structure of bone remodeling 
and interaction with myeloma cells needs to be 
understood.

(4) Role of intact “bone remodeling com-
partments”: Histomorphometric investigations 
report myeloma patients to show an increase in 
number and activity of osteoclasts (Valentin-
Opran et al. 1982; Taube et al. 1992; Bataille 
et al. 1991). The number of osteoblasts in early 
stages of myeloma is likewise increased, but 
decreases over time together with osteoblast 
activity in patients with bone lesions (see 
Fig. 3.7; Bataille et al. 1990, 1991; Giuliani 
et al. 2005; Standal et al. 2007). Andersen et al. 
published recently a very insightful analysis of 
the role of the BRCs and an intact canopy of 
osteoblast like cells on the magnitude of bone 
resorption/formation activities (Andersen et al. 
2009, 2010). They compared the extent of ero-
sion and osteoid surfaces (1) in control bone, 
(2) in myeloma biopsies showing more than 
75% of the total erosion under intact BRC cano-
pies (MM-I), and (3) in those with at least 75% 
erosion under disrupted BRC canopies (MM-
D). MM-I biopsies show increased erosion sur-
face, osteoclast surface, and osteoid surface 
compared to controls. MM-D biopsies show 
even more increased erosion surface and osteo-
clast surface compared to MM-I biopsies, but in 
contrast, their osteoid surface falls below con-
trol levels, thereby indicating lack of bone for-
mation despite increased bone resorption. In 
control and MM-I biopsies, increased osteoid 
surface parallels increased erosion surface, indi-
cating coupling between bone formation and 
resorption. In contrast, in MM-D biopsies, ero-
sion surface increases strongly without corre-
sponding increase in osteoid surface, indicating 
absence of coupling between bone formation 

and resorption. Thus, bone formation responds 
commensurately to bone resorption only when 
the BRC canopy is continuous. The same con-
clusion holds true if the analysis is based on 
osteoclast surface and if the myeloma biopsies 
are grouped according to the proportion of 
osteoclast surface in intact BRCs. Bone forma-
tion occurs very preferentially in intact BRCs as 
also seen when analyzing the proportion of 
osteoid in intact BRCs; this proportion averages 
75% in all three groups of biopsies, despite their 
differences in overall extent of osteoid surface. 
This is in marked contrast with erosion, which 
proceeds whether BRCs are intact or not and 
becomes even higher in the latter case. The 
authors deduced a close link between the integ-
rity of BRC canopies and the magnitude of 
osteoclast and osteoblast activities. In summary, 
if BRCs are disrupted, bone resorption tends to 
increase and bone formation to be prevented 
(Andersen et al. 2009, 2010), whereas in intact 
BRCs present in controls, MM-I, and patients 
with hyperparathyroidism, bone formation 
increases with bone resorption (Andersen et al. 
2009; Hauge et al. 2001).

3.6.2  
 Patterns and Healing of Bone Defects

Nothing is currently known about causes of dif-
ferent patterns of bone defects in multiple 
myeloma, e.g., diffuse and focal patterns. 
Healing of bone defects, if present, appears also 
in patients with complete remission at orders of 
magnitude slower as compared to the healing of 
fractures (Epstein and Walker 2006), compara-
ble with the delayed healing of osteoporotic 
fractures; likewise, the reason remains unclear. 
Possible scenarios are the presence of remain-
ing residual myeloma cells, which maintain a 
continuous stimulation of bone resorption vs. 
bone formation (Esteve and Roodman 2007), a 
loss of the stimulus to repair bone defects, and a 
“scorched earth” left over by destroyed BRCs 
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3 and pathological remodeling in bone defects. At 
the same time, the bone marrow microenviron-
ment might remember former presence of mye-
loma cells over years. Evidence is given by 
in vitro differentiated osteoblasts from myeloma 
patients, which show a different expression 
 pattern compared to those differentiated from 
 normal donors (Corre et al. 2007).

3.6.3  
 Therapeutic Strategies for Treatment 
and Prevention of Myeloma Bone Disease

Amino-bisphosphonates like zoledronate induce 
apoptosis in osteoclasts (Kellinsalmi et al. 2005) 
and significantly reduce skeletal events in 
patients with malignant bone destruction (Rosen 
et al. 2004). Amino-bisphosphonates show – 
albeit limited – activity against myeloma cells 
(Aviles et al. 2007). RANKL-antibodies like 
denosumab show direct inhibition of osteoclas-
togenesis (Lewiecki 2006). Novel agents used 
in myeloma treatment like proteasome inhibi-
tors (bortezomib) or IMiDs (lenalidomide) 
exhibit at systemic application besides their 
activity against malignant plasma cells an 
impact on osteoblast and osteoclast function. 

Lenalidomide inhibits resorption by osteoclasts, 
but seems not to influence osteoblast function 
(Breitkreutz et al. 2008; De et al. 2009). 
Bortezomib induces apoptosis in myeloma cells 
(Richardson et al. 2005), inhibits bone resorp-
tion by osteoclasts (von Metzler et al. 2007), 
and stimulates osteoblast activity (Heider et al. 
2006). The latter is of special interest; as with 
parathyroid hormone, only one bone-anabolic 
compound is approved for systemic application. 
For local use, BMP2 and BMP7 are approved 
(Gautschi et al. 2007; Tsuji et al. 2006).

An appropriate functionalization of biomate-
rials using pathophysiological knowledge for 
local treatment of bone defects in multiple 
myeloma especially with bone formation pro-
moting agents seems thus to be a promising 
approach.

3.7  
 Pathogenetic Model of Multiple Myeloma

We will conclude this chapter with some more 
general reflections on factors influencing myeloma 
cell accumulation and a proposal for a new patho-
genetic model of multiple myeloma (Fig. 3.8).
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Fig. 3.8 Models of pathogenesis of multiple myeloma. 
The models of Hallek et al. 1998(A) and Bergsagel 
et al. 2005(B) focus on a sequel of genetic aberrations 
driving changes of gene expression on (malignant) 
plasma cells that in turn lead to a transformation of 
the bone marrow microenvironment (BMME). Our 
model (C) proposes the accumulation of hijacked 
“normal” plasma cells accumulating in the bone 
marrow and thus initially driving changes in the 
bone marrow microenvironment. (a) Model from 
Hallek et al. 1998. The model proposes an ongoing 
karyotypic instability (indicated by red stars) starting 
at MGUS-stage and leads to multiple accumulating 
genetic lesion (red stars with black border). Bone 
marrow plasma cells (BMPCs) or precursors are 
targeted by recurrent IgH-translocations. Plasma 
cells progress from a premalignant MGUS-stage 
in a sequel from intramedullary to extramedullary 
myeloma with human myeloma cell lines (HMCLs) 
being the end stage. Each step of this sequel is 
driven by an additional genetic event. Dysregulation 
of c-myc is thought to appear early, ras-mutation 
and eventually mutations of FGFR3 appear 
beginning with the intramedullary myeloma-stage. 
p53 mutations appear as late event. (b) The model 
from Bergsagel et al. (2005) focuses on the earliest 
oncogenic changes that are thought to involve three 
overlapping pathways and occur in germinal center 
B cells (GCBC). They are present in MGUS 
thought to be premalignant tumors. Two partially 
overlapping pathways, indicated by IgH- trans-
locations and multiple trisomies, generate non-
hyperdiploid and hyperdiploid tumors, respectively. 
A third pathway (del13q) leading to monosomy of 
chromosome 13 or deletion of 13q14 can be present 
in both types of tumors, but occurs with a higher 
prevalence in non-hyperdiploid tumors, where it 
occurs in almost all tumors with t(4;14) and 
t(14;16), but infrequently in tumors with t(11;14). 
The essentially invariant dysregulation of a 
CCND (aberrant/overexpression) is associated with 
these early oncogenic changes. Recurrent IgH-
translocations and the dysregulation of CCND are 
used to group MGUS and myeloma according to the 
TC-classification (see Sect. 3.4.1). (c) Proposed 
new model. Two principal pathways targeting 

plasma cell precursors (pre-BMPCs), most likely 
post-germinal-center B cells, i.e., trans locations 
most often involving the IgH-locus, and a hyper-
diploid pathway. Both lead to increased CCND-
expression, overexpression (CCND2) or aberrant 
expression (CCND1, CCND3). Karyotypic insta-
bility is in place only at this time (indicated by red 
stars). Targeted pre-BMPCs home to the normal 
plasma cell niche (indicated by a grey box). The 
BMME (light-grey box) is unaltered. These cells 
already have a slightly dysregulated cell cycle 
(hijacked “normal” plasma cells) and the tendency 
to accumulate (see text for details). In pre-MGUS-
stage, the trans formation process of the BMME 
begins slowly. Initially, pre-MGUS cells share the 
niche with BMPCs. A further accumulation leads to 
MGUS/smoldering MM (SMM) stage without the 
necessity of further genetic events. The BMME is 
slowly transformed by normal BMPC-factors (indi-
cated by the increasingly dark grey) and aberrantly 
expressed factors (red dots). Aberrant expression is 
driven mainly by the changing microenvironment, 
not accumulating genetic alterations. Malignant 
plasma cells populate existing BMPC-niches (light-
grey boxes), recruit new niches (dark grey boxes) 
and partially gain independence from the BMME 
(plasma cell without a box). Further accumulation 
of malignant plasma cells leads to therapy-requiring 
myeloma. The BMME transformation continues 
(darkening grey, increased number of aberrantly 
expressed factors) in a positive feedback loop. A 
further selection pressure to recruit new niches and 
grow independently of niches is in place. HMCLs 
can be derived from therapy-requiring or relap-
sed myeloma, i.e., cells that already gained partial 
independence of the BMME. They do represent a 
further step of myeloma development. The same 
holds true for extramedullary myeloma that does 
not regularly appear, even in end-stage patients. 
Progression-related aberrations (del17p, 1q21 gain) 
can appear with increasing frequency throughout 
accumulation of malignant plasma cells; these aber-
rations appear with a certain probability and are 
thus more frequent in relapsed myeloma; at least 
1q21+. For detailed discussion, see Sect. 3.8
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3.7.1  
 Disease Activity, Tumor Load, and Molecular 
Characteristics of Myeloma Cells

3.7.1.1  
 Describing Disease Activity

Main determinants of disease activity at a given 
time are the tumor-load (total number of plasma 
cells) and molecular characteristics of myeloma 
cells. Tumor-load and molecular characteristics 
are to a certain degree independent at a given 
time (e.g., an aggressive lesion can be present 
together with high and low tumor mass), but 
interdependent, if the time course is taken into 
account (an aggressive lesion will lead faster to 
a higher tumor mass and might have, e.g., a 
higher bone turnover stimulating capacity).

Molecular characteristics at a given time rep-
resent a flash image of (1) myelomagenesis 
 (etiology), (2) entity (e.g., HRD/non-HRD, 
t(4;14)-myeloma, GEP-based group), and (3) 
accumulated evolutionary (progression-related) 
aberrations (e.g., gain of 1q21, loss of p53-
expression). Whereas as a matter of definition 
etiologic aberrations cannot change over time, for 
the disease entity this depends on the definition of 
the latter. iFISH-based entities (e.g., t(4;14), HRD 
myeloma) seem to be constant throughout the 
course of myeloma. This likewise holds true for 
GEP-based groups with the exception of the pro-
liferation group within the molecular classifica-
tion (Zhan et al. 2006) to which patient-attributed 
other groups can progress, e.g., patients from MS 
(t(4;14)) at diagnosis to PRL in relapse.

Molecular characteristics comprise a further 
important feature of myeloma cells: their “bio-
logical activity”, e.g., potential to generate bone 
lesions, induce angiogenesis, or immunosuppres-
sion (e.g., expression of cancer testis antigens; 
Condomines et al. 2007, 2009 or CD200; Barclay 
et al. 2002; Moreaux et al. 2006). This biological 
activity is not necessarily connected to disease 
etiology or entity as exemplified by the promo-
tion of bone disease by DKK1-expression.

The total number of plasma cells is mediated 
by five main variables: (1) The proliferation 
rate, i.e., speed of cell division; (2) the survival 
(or death-) rate, comprising of (a) apoptosis rate 
(“suicide”) and (b) (T-)cell mediated elimina-
tion-rate (“killing,” a host factor), the first two 
taken together as growth rate, (3) the dissemina-
tion rate, i.e., the ability of myeloma cells to 
spread to different bone marrow parts and 
niches therein, (4) the rate of transforming the 
bone marrow microenvironment and thus the 
creation of additional niches, and (5) the rate of 
gaining independence of niches. Regarding the 
latter factors, whereas normal bone marrow 
plasma cells depend on extrinsic survival sig-
nals provided within a special niche, myeloma 
cells can gain a certain independence of these 
by autocrine production (e.g., IL-6), induction 
of the production in the bone marrow microen-
vironment, e.g., IL-6 via amphiregulin produced 
by myeloma cells, and recruitment of factors 
abundant in serum (e.g., IGF-1) by expression 
of respective receptors (Sprynski et al. 2009; 
see Fig. 3.8). An additional, less understood, 
mechanism is an intrinsic loss of dependence 
on these factors, e.g., by aberrant CCND1-
expression due to presence of a t(11;14) mim-
icking a respective growth factor stimulation 
converging on the G0/G1-transition. Human 
myeloma cell lines, carrying a plethora of chro-
mosomal aberrations and being only dependent 
on serum factors in their culture medium, are a 
special example. These variables are partially 
interdependent, e.g., transformation of the bone 
marrow microenvironment and recruitment of 
additional survival factors can influence apop-
tosis rate. Over time, the proliferation (growth) 
rate becomes a very important feature, also 
transmitting to prognostic significance (see 
Sect. 3.5).

A further important characteristic of mye-
loma cells within one patient is their potential 
intrapatient-heterogeneity. Evidence is given by 
the presence of subclonal-, and the emergence 
of “progression-related” aberrations like gains 
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3 of 1q21 (see Sect. 3.3). It is therefore an inter-
esting question whether the two possibilities of 
myeloma cell accumulation – generation of 
niches and obtaining the ability to grow inde-
pendently of these – take part in the generation 
of intra-patient clonal heterogeneity. This het-
erogeneity might likewise be present in terms of 
a part of the myeloma cell population being 
“myeloma stem cells,” a controversial discus-
sion outside the scope of this chapter.

3.7.1.2  
 Interpatient Heterogeneity: Many and Multiple 
Myelomas

Discernable chromosomal aberrations (e.g., 
IgH-translocations vs. hyperdiploidy) and a 
plethora of changes in gene expression are pres-
ent in different multiple myeloma patients, i.e., 
a huge molecular interpatient heterogeneity. 
Clinically, multiple myeloma is on the one hand 
a rather homogeneous disease, with plasma cell 
accumulation in the bone marrow, and almost 
all patients developing increased bone marrow 
angiogenesis and bone lesions. On the other 
hand, multiple myeloma is very heterogeneous 
in terms of survival (see Sects. 3.3.5 and 3.4.2). 
As discussed above, on a molecular level, 
almost all patients show the presence of either 
an IgH-translocation or a hyperdiploidy driven 
pathway, and almost all show a CCND dysregu-
lation. This notion has lead to the idea of “many 
and multiple myelomas” (Fonseca 2003).

Thus, the same clinical phenotype (e.g., 
accumulation of plasma cells, induction of bone 
disease and angiogenesis) can be reached by 
different molecular phenotypes, i.e., different 
alterations of DNA and gene expression. For 
example, there has been up to now no single 
unifying aberration or change in gene expres-
sion found explaining bone disease or angio-
genesis in myeloma (Hose et al. 2009a).

From a theoretical point of view, there are 
two possible explanations: (1) Targets of aber-

rations converge on a limited number of 
 intermediary molecules of signal transduction 
(“molecular hubs”). If a certain intermediary 
is needed to be activated for myeloma cell sur-
vival/proliferation or a specific feature of 
myeloma cells like induction of bone disease, 
selection pressure could lead on different ways 
to this necessary alteration. If, e.g., increased 
ras-signaling would be critical, this could be 
due to, e.g., (a) autocrine IL-6 production, (b) 
increased IL-6 production in the bone marrow 
microenvironment by AREG-expression of 
myeloma cells, and (c) IGF-1 expression via 
ras/MAPK signal transduction, or constitutive 
ras-activation in myeloma (Klein et al. 2003; 
Neri et al. 1989; Liu et al. 1996). Another 
example is given by D-type cyclin expression 
– the hallmark of multiple myeloma – which 
can be due to several molecular causes (see 
Sect. 3.5). Here, CCND could exemplify a 
final integrator of signal transduction by exter-
nal (growth factor stimulation) and internal 
(aberrant CCND-expression) signals. (2) 
Myeloma cells are “just hijacked” normal 
plasma cells in terms of an initially (subtle) 
takeover of cell cycle control leading to a slow 
induction of accumulation of plasma cells but 
otherwise use of (physiological) plasma cell 
features explaining clinical features of 
myeloma. This could easily explain why dif-
ferent aberrations targeting cell cycle and 
especially CCND lead to the same clinical 
phenotype of multiple myeloma (see also the 
following). According to this model, a low 
number of aberrations targeting the cell cycle 
takes place very early in the development of 
myeloma, i.e., in post-germinal center B cells. 
The accumulation of plasma cell-like myeloma 
cells, i.e., hijacked “normal” plasma cells, then 
changes the bone marrow microenvironment. 
Not investigated up to now, expression changes 
in myeloma cells could be attributed to epige-
netic changes driven by the changing bone 
marrow microenvironment, not primary 
genetic events.
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3.7.2  
 Multistep Transformation of Myeloma Cell Model

This model initially described by Hallek et al. 
(Hallek et al. 1998; Fig. 3.8a) is based on a 
proposed sequel of progressive genetic events 
that profoundly change the pathophysiological 
features of myeloma cells at each step and then 
lead to the ordered progression from a normal 
plasma cell to MGUS, where the cells are 
immortalized, but not transformed, and do not 
progressively accumulate or cause bone 
destruction; to intramedullary myeloma, where 
the cells are confined to the bone marrow 
microenvironment, accumulate and cause bone 
destruction; to extramedullary myeloma, where 
the cells proliferate more rapidly and grow in 
the blood (plasma cell leukemia) or other 
extramedullary sites; and to a myeloma cell 
line, where the cells may be propagated 
in vitro. Critical oncogenic events in myeloma 
cells are thought either to occur after or do not 
interfere with most of the normal differentia-
tion process involved in generating a long-
lived plasma cell. The model evokes a 
karyotypic instability thought to appear in 
MGUS and continues throughout all stages of 
tumor progression, giving rise to the different 
molecular events in relation to clinical pro-
gression. 14q32-translocations are seen as a 
potential early event, concordant with isotype 
switch recombination, so that it precedes 
MGUS. Some translocations (e.g., t(11;14)) 
were thought to lead more rapidly to fulminant 
disease, eventually bypassing an MGUS-stage. 
For other aberrations, the timing was not clear 
but nonetheless thought to be in some kind of 
7der, including monosomy 13 or dysregulation 
of c-myc. In patients with aberrant FGFR3 
expression caused by t(4;14), a mutation of 
FGFR3 could lead to ligand independence and 
clinical progression (Sibley et al. 2002). 
Mutations of N- and K-ras are not present in 
MGUS, but are present in intramedullary 
myeloma, with an increasing incidence as the 

disease progresses. Mutations of p53 are a late 
event associated with aggressive extramedul-
lary myeloma.

Current additions are the presence of a 
 presumed second pathway (i.e., hyperdiploid 
myeloma) independent of IgH-translocations 
(Fig. 3.6; Bergsagel and Kuehl 2005; Bergsagel 
et al. 2005; Fig. 3.8b).

This model basically focuses (1) on the 
genetic changes within myeloma cells (i.e., 
genetic alterations causing aberrant expression) 
as driving force for myeloma cell progression 
and concomitantly for changes within the bone 
marrow microenvironment; the changes within 
the bone marrow microenvironment are thus 
driven by the “malignant features” of malig-
nant plasma cells; and (2) on an underlying 
broad chromosomal instability as a driving 
force.

As of now, parts of this concept need to be 
reevaluated: First, there is currently only evi-
dence for rather subtle changes, and an ongoing 
genetic instability has never been proven 
with nonproliferation-dependant methods (see 
Sect. 3.3 and below). Second, several features 
attributed to myeloma cells are already such of 
normal plasma cells, including the ability to 
induce angiogenesis (see Sect. 3.8.3.1). As 
mentioned before, part of the change within the 
bone marrow microenvironment could be driven 
by accumulation of “semi-normal” plasma cell–
like myeloma cells. “Semi-normal” here refers 
to this change being due to normal plasma cell 
features in cells “hijacked” to limited prolifera-
tion. Third, the proposed sequel from normal 
plasma cells, MGUS, intramedullary multiple 
myeloma, extramedullary and cell line–like 
myeloma seems to be rather an exception than 
the rule. Extramedullary myeloma is a special 
feature in a subpopulation of patients, and 
 eventually, even in these, a subpopulation of 
myeloma cells. Myeloma cell lines are only 
obtainable in less than 10% of patients and 
almost never in hyperdiploid multiple myeloma 
(Fig. 3.6).
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3 3.7.3  
 Transformation of Bone Marrow  
Microenvironment Model

3.7.3.1  
 Features of Normal Plasma Cells as Explanation  
for Those of Myeloma Cells

Capabilities of malignant plasma cells are 
partly explainable by physiological functions 
of their normal counterpart, bone marrow 
plasma cells. The primary feature of the latter 
is being antibody-production facilities. 
Evidence is given that they re-structure their 
surroundings (bone marrow microenviron-
ment) according to their needs: (1) by securing 
their own supply by a basal angiogenic stimu-
lus, e.g., the production of VEGFA (Hose et al. 
2009a); (2) bone  marrow plasma cells can 
interact with the microenvironment and bone 
remodeling by production of factors like BMP6 
(see Sect. 3.2.2; Seckinger et al. 2009); (3) con-
nected to this or via an independent process, 
bone marrow plasma cells are able to create to 
a certain extent their survival niche. The niche 
is critical to allow normal plasma cells surviv-
ing for several years (see Sect. 3.2.1). The 
number of survival niches is thought to be lim-
ited and thus help in maintaining a fairly con-
stant number of plasma cells over life, 
evidenced by a constant level of polyclonal 
immunoglobulin, despite the ability of the 
immune system to adapt to novel antigen chal-
lenges, and thus the creation of novel plasma 
cells that have to compete for a survival niche; 
thus, “niching” per se is a dynamic process. 
Furthermore, bone marrow plasma cells can 
create niches under certain conditions, as exem-
plified in cases of reactive plasmacytosis, in 
which their number can increase for a pro-
longed amount of time. Much less is known 
about the ability of bone marrow plasma cells 
to interact with the hematopoietic and the 
immune system. Taken together, molecular 

alterations in the pre-bone marrow plasma cell 
are according to our concept a crucial factor for 
molecular pathogenesis of myeloma, as the 
proliferation arrest is removed and the “poten-
tial to proliferate” liberated, leading to accu-
mulation of hijacked “normal” plasma cells, 
which by itself generates changes in the bone 
marrow microenvironment without the a priori 
need for enforced selection of myeloma cell 
variants with additional aberrations.

3.7.3.2  
 Pre-MGUS-Stage

At this stage, founder cells (myeloma cells) are 
present, but the “disease” activity is far below 
the (detection) limit defining “MGUS,” even by 
molecular techniques. Initial etiological chro-
mosomal aberrations (probably related to a 
hyperdiploid and a non-hyperdiploid pathway, 
see Sect. 3.3.2) lead to subtle cell cycle altera-
tion (direct or indirect CCND over or aberrant 
expression). Cell cycle breaks are initially unal-
tered leading to a very low proliferation rate 
with doubling times of months or even years. T 
cell–mediated elimination of aberrant cells is 
intact. The apoptosis rate is comparable to the 
one of normal plasma cells. These cells presum-
ably populate the same survival niche as normal 
bone marrow plasma cells allowing their lon-
gevity. Pre-MGUS myeloma cells are basically 
hijacked “normal” plasma cells.

3.7.3.3  
 MGUS-Stage/Smoldering Myeloma

Continuing accumulation of myeloma cells in 
the bone marrow leads to a detectable but 
asymptomatic “disease” – MGUS. It is now 
clear that MGUS consistently precedes myeloma 
(Landgren et al. 2009). The accumulation slowly 
transforms the bone marrow microenvironment, 
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initially mainly by factors already produced by 
normal bone marrow plasma cells (e.g., 
VEGFA). The total production of these factors 
is increased due to the increasing number of 
hijacked “normal” plasma cells/myeloma 
cells. At the same time, a selection pressure 
for myeloma cells is in place due to the limited 
number of niches – either to create new niches 
comparable to those of normal bone marrow 
plasma cells, or gain a certain independence 
by recruiting new sources of growth and sur-
vival factors, i.e., by aberrantly producing 
such factors (e.g., HGF, amphiregulin, IL-6) or 
by inducing their production within the bone 
marrow microenvironment (e.g., IL-6) to 
increase the availability of growth factors 
present in serum (e.g., IGF-1 by better blood 
vessel supply (angiogenesis)), access to growth 
factors for which myeloma cells carry recep-
tors, but the bone marrow microenvironment 
does not express ligands (e.g., FGF:FGFR3). 
A further tappable source of growth and sur-
vival factors is the alteration of bone turnover. 
Initially, BRCs are relatively intact (see 
Sect. 3.7) and the surrounding bone marrow 
unaltered. Some leaking out of these com-
plexes (e.g., of IGF-1 liberated from bone-
matrix) is likely. An increased bone turnover 
would lead to an increase of total leaking 
despite BRCs being intact. At a later stage, 
largely increased liberation will appear as a 
consequence of disrupted BRCs, leading in 
turn to lytic bone lesions (see Sect. 3.7). 
Interaction of myeloma cells with the BRCs 
(osteoblasts and osteoclasts) is presumably ini-
tially mostly driven by factors already expressed 
by normal plasma cells, e.g., BMP6. Neverthe-
less, myeloma cells aberrantly express such 
factors as exemplified by the Wnt-antagonist 
DKK1 (Li et al. 2006). We hypothesize these 
factors to be already expressed at the earli-
est stage, in agreement with complete lack of 
 evidence of an appearance only in disease 
progression.

3.7.3.4  
 Symptomatic Myeloma

Further accumulation of myeloma cells leads to 
an increasing concentration of plasma cell and 
aberrantly expressed myeloma cell growth fac-
tors. As mentioned above, this aberrant expres-
sion is not necessarily the consequence of genetic 
alteration but could also be driven by the chang-
ing bone marrow microenvironment, in turn 
leading to expression changes within hijacked 
“normal” plasma cells driving these to an 
increasingly abnormal expression pattern. This 
could explain the plethora of expression changes 
(see also Sect. 3.4) without the prerequisite of an 
ongoing genetic instability. The factors act 
together in terms of a positive feedback mecha-
nism: better growth conditions lead to an 
increased speed of accumulation of myeloma 
cells and in turn a better adaption of the bone 
marrow microenvironment according to the need 
of myeloma cells. The increasing transforms of 
the bone marrow microenvironment become 
clinically visible in terms of (1) increased angio-
genesis, (2) bone destruction (breakup of BRCs 
and subsequent generation of osteolysis and 
generalized osteopenia), (3) reduced tumor sur-
veillance, and (4) increased plasma cell infiltra-
tion based on generation additional survival 
niches for myeloma cells. As mentioned above, 
we hypothesize that accumulation of plasma 
cell-like myeloma cells could already explain a 
basic appearance of these features without the a 
priori necessity of directed extensive molecular 
changes within the myeloma cells (see above). 
This could also elegantly explain the lack of one 
myeloma typical aberration. Several aberrations 
ultimately converge on hubs and at least in part 
on CCND (see Sect. 3.8.1). A positive feedback 
loop would be a good explanation for a scenario 
of relatively long slow growth by creating addi-
tional niches with a subsequent “outbreak” of 
therapy-requiring myeloma once an additional 
source is tapped (as a BRC).
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3 The possible explanation that pathogenetic 
features of myeloma are driven by cell cycle 
targeted “hijacking” of normal plasma cell 
functions is of fundamental interest, as it takes 
away the necessity of the requirement of accu-
mulation of further chromosomal aberrations 
for progression within the sequel from MGUS 
to overt myeloma and plasma cell leukemia as 
proposed in the model of Hallek et al. (see 
Sect. 3.8.2; Hallek et al. 1998). The proposed 
principal role of plasma cell accumulation not-
withstanding, a likely subtle selection pressure 
may be present in terms of factors promoting 
(faster) plasma cell accumulation (Sect. 3.8.1.1). 
To this end, growth factor stimulation substan-
tially present due to the changing bone mar-
row microenvironment might lead to an 
increased tendency to proliferate and “over-
rule” cell cycle checkpoints inhibiting growth 
of cells, in particular with chromosomal aber-
rations, again in a positive feedback mecha-
nism. Secondary chromosomal aberrations 
(e.g., del17p, loss of p53) and mutations (e.g., 
ras) would further increase independence of 
cell cycle checkpoints. It has to be emphasized 
that this seems to be a rather subtle process, 
not the presence of an ongoing and widespread 
chromosomal instability. This nonewithstand-
ing, there seems to have been at a certain 
(early) time during myelomagenesis for a set 
period such an instability, explaining the 
plethora of chromosomal aberrations, but 
again, it could not be taken as proven explana-
tion for the disease progression from early 
MGUS to smoldering and therapy-requiring 
myeloma. As depicted in Sect. 3.3.1, only 
metaphase (proliferation dependent) cytoge-
netics show a prominent increase in the num-
ber of chromosomal aberrations with disease 
progression (Jonveaux and Berger 1992) and 
are therefore not representative for the pres-
ence of chromosomal aberrations. This increase 
has indeed up to now not been verified by 
(proliferation independent) iFISH data on 

large cohorts of patients. Further investiga-
tions including next generation sequencing 
will show whether this relative stableness is 
also present if a genome-wide screen for muta-
tions is performed. If it holds true that the 
main features of myeloma cells might be 
already in place during pre-MGUS-stage as a 
consequence of “hijacked” normal plasma 
cells, another consequence would be that our 
perception of “monoclonal gammopathy of 
unknown significance” might change, and, 
speculatively, the last two words eventually 
will be dropped (see Fig. 3.8c).

We would like to finish this chapter with an 
urban myth – the attributed blessing, or curse, 
of a Chinese philosopher for a newborn – to live 
in interesting times. Whatever the true origin, 
this has surely become true for myeloma 
research – in a positive sense.
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Angiogenesis and Vasculogenesis  
in Multiple Myeloma: Role  
of Inflammatory Cells

Angelo Vacca and Domenico Ribatti 

Abstract Angiogenesis plays a central role in 
the progression of both solid and hematologic 
tumors. We have focused our attention on mul-
tiple myeloma (MM) and on bone marrow 
stromal cells. These, in fact, both support tumor 
cell survival and participate in angiogenesis by 
releasing a broad number of angiogenic cytok-
ines. Macrophages and mast cells may partici-
pate in this process through other mechanisms, 
such as vasculogenic mimicry. Lastly, it has 
been shown that hema topoietic stem and pro-
genitor cells (HSPCs) are involved in vasculo-
genesis in MM.

4.1  
 Introduction

New blood vessels form through two steps: vas-
culogenesis and angiogenesis. In the first step 
(vasculogenesis), mesoderm-derived angioblasts 
proliferate and organize into a primitive vascular 
plexus (Risau and Lemmon 1995). In contrast, 
angiogenesis, i.e., the formation of new blood 
vessels from existing blood vessels, takes place in 
several conditions, both physiological (e.g., cor-
pus luteum formation) and pathological, such as 
chronic inflammation and tumors (Risau 1997). 
In addition, extensive data have illustrated the 
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4 existence of endothelial progenitor cells and their 
contribution to the formation of new blood ves-
sels in adults (Ribatti et al. 2005). Their discovery 
has led to the new concept that vasculogenesis 
and angiogenesis may occur simultaneously in 
postnatal life because endothelial progenitor cells 
differentiate through a mechanism that recapitu-
lates embryo vasculogenesis. Lastly, other vascu-
larization mechanisms occur in tumors, e.g., 
vascular co-option of existing vessels and vascu-
lar mimicry (Ribatti et al. 2003).

Under physiological conditions, angiogenesis 
depends on the balance of positive and negative 
angiogenic modulators within the vascular 
microenvironment (Hanahan and Folkman 
1996). It requires the functional activities of a 
number of molecules, including angiogenic fac-
tors, extracellular matrix proteins, adhesion 
receptors, and proteolytic enzymes. Tumor 
angiogenesis is linked to a switch in this bal-
ance, and mainly depends on the release by neo-
plastic cells of growth factors specific for 
endothelial cells and able to stimulate the growth 
of the host’s blood vessels (Ribatti et al. 2007).

Solid tumor growth comprises an avascular 
and a subsequent vascular phase (Ribatti et al. 
1999). If this second phase is dependent on angio-
genesis and the release of angiogenic factors, 
acquisition of angiogenic capability can be seen as 
an expression of the progression from neoplastic 
transformation to tumor growth and metastasis. 
The role of angiogenesis in the growth and sur-
vival of leukemias and other hematological malig-
nancies has become evident since 1994; in a series 
of demonstrations, it was clearly shown that the 
progression of several forms is related to their 
degree of angiogenesis (Ribatti and Vacca 2008).

4.2  
 Angiogenesis and Antiangiogenesis 
in Multiple Myeloma

In 1994, we demonstrated for the first time that in 
multiple myeloma (MM) bone marrow, angiogen-
esis measured as microvascular density increases 

with progression from monoclonal gammopathy 
of undetermined significance (MGUS) to nonac-
tive MM and active MM, and is related with the 
plasma cell labeling index (Vacca et al. 1994). 
Assuming that microvascular density depends on 
angiogenesis, these results are consistent with the 
notion that angiogenesis favors expansion of the 
MM mass by promoting plasma cell proliferation. 
Subsequent studies have confirmed the observa-
tion of increased angiogenesis in active MM com-
pared to healthy individuals or patients with 
MGUS (Vacca and Ribatti 2006).

Myeloma plasma cells induce angiogenesis 
directly via the secretion of angiogenic cytok-
ines, such as vascular endothelial growth factor 
(VEGF) and fibroblast growth factor-2 (FGF-2), 
and indirectly by induction of host inflammatory 
cell infiltration, and degrade the extracellular 
matrix with their matrix-degrading enzymes, 
such as matrix metalloproteinase-2 and -9 
(MMP-2 and MMP-9) and urokinase-type plas-
minogen activator (Vacca and Ribatti 2006). 
Although it is well established that MM cells 
drive angiogenesis by the secretion of angio-
genic factors, there is also evidence of loss of 
antiangiogenic activity on the part of bone 
marrow plasma cells with disease progression 
(Kumar et al. 2004; Mangieri et al. 2008). 
Moreover, bone marrow MM endothelial cells 
secrete growth factors, including VEGF and 
interleukin-6 (IL-6), which promote MM cell 
growth in the bone marrow milieu (Vacca et al. 
2003). Bone marrow angiogenesis can be tar-
geted by new agents. For example, thalidomide 
inhibits bone marrow endothelial cell prolifera-
tion, capillarogenesis and secretion of VEGF, 
FGF-2 and hepatocyte growth factor (HGF) in 
patients with MM (Vacca et al. 2005).

Reciprocal positive and negative interactions 
between plasma cells and bone marrow stromal 
cells (BMSCs), namely hematopoietic stem 
and progenitor cells (HSPCs), fibroblasts, osteo-
blasts, osteoclasts, chondroclasts, endothelial 
cells, endothelial progenitor cells, T cells, mac-
rophages and mast cells, are mediated by an 
array of cytokines, receptors, and adhesion mol-
ecules, and modulate the angiogenic response in 
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MM (Ribatti et al. 2006). Interactions between 
these components determine the proliferation, 
migration, and survival of plasma cells, as well 
as their acquisition of drug resistance and the 
development of disease (Ribatti et al. 2006).

BMSCs increase the concentration of angio-
genic factors and matrix-degrading enzymes in 
the BM microenvironment by direct secretion 
or by stimulation of MM cells or endothelial 
cells through paracrine interactions (Ribatti 
et al. 2006). BMSCs, osteoclasts, osteoblasts, 
and endothelial cells secrete several factors, 
including VEGF, FGF-2, tumor necrosis factor-
alpha (TNF-a), IL-6, B-cell activating factor, 
stromal cell–derived factor 1a (SDF1a, also 
known as CXCL12), and various Notch family 
members, which are further upregulated by 
tumor cell adhesion to extracellular matrix pro-
teins and/or BMSCs (Hideshima et al. 2007).

BMSCs and other accessory cells supporting 
MM cell survival in the bone microenvironment 
constitute potential therapeutic targets. In this 
context, BM endothelial cells are the targets of 
diverse classes of antiangiogenic molecules 
(Hideshima et al. 2007).

4.3  
 The Role of Inflammatory Cells  
in Tumor Angiogenesis

Inflammatory cells regulate endothelial cell 
functions related to physiological angiogenesis 
as well as inflammatory and tumor-associated 
angiogenesis. It was Rudolf Virchow in 1863, 
who critically recognized the presence of 
inflammatory cells infiltrating neoplastic tissues 
and first established a causative connection 
between the “lymphoreticular infilitrate” at sites 
of chronic inflammation and cancer.

In neoplastic tissues, inflammatory cells act 
in concert with tumor cells, stromal cells, and 
endothelial cells to create a microenvironment 
that is critical for the survival, development, 
and diffusion of the neoplastic mass. These syn-
ergies may represent important mechanisms for 

tumor development and metastasis by providing 
an efficient vascular supply and an easy escape 
pathway. Indeed, the most aggressive human 
cancers, such as malignant melanoma, breast 
carcinoma, and colorectal adenocarcinoma, are 
associated with a dramatic host response com-
posed of various inflammatory cells, especially 
macrophages and mast cells.

Cells belonging to the monocyte-macrophage 
lineage are a major component of the leukocyte 
infiltration in tumors, and there is growing evi-
dence that they are part of inflammatory circuits 
that promote tumor progression, and favor inva-
sion and metastasis (Mantovani et al. 1992; 
Balkwill and Mantovani 2001). The stimulating 
effect exerted by tumor-associated macrophages 
on the growth of the tumor mass is partly related 
to the angiogenic potential of these cells. Tumor-
associated macrophages are a rich source of 
potent proangiogenic cytokines and growth 
factors, such as VEGF, TNF-a, IL-8, and FGF-
2. They also express a broad array of angiogen-
esis-modulating enzymes, including MMP-2, 
MMP-7, MMP-9, MMP-12, and cycloxyge-
nase-2 (COX-2) (Sunderkotter et al. 1991; Lewis 
et al. 1995; Klimp et al. 2001; Ribatti et al. 
2006). The many proangiogenic factors they 
secrete may promote tumor spread and help to 
explain the correlation between increased tumor-
associated macrophage density and the aug-
mented tumor vasculature recognized during 
experimental and human carcinogenesis.

Moreover, macrophages take part in neo-
vascularization by “drilling” tunnels for new 
 vasculature, producing tubular destruction of 
the matrix, distributing to form columns and 
 capillary-like structures containing erythrocytes 
(Moldovan et al. 2000), localizing in microves-
sels embedded in bundles of fibrillar collagen 
(Anghelina et al. 2006), and adhering to injured 
vessel walls, thus accelerating re-endothelization 
of the vascular barrier (Fujiyama et al. 2003).

In healthy subjects, cells of the monocyte lin-
eage generate endothelial progenitor cells 
(Rehman et al. 2003), or act as pluripotent stem 
cells (Zhao et al. 2003). They develop an endothe-
lial cell phenotype when stimulated by VEGF 
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4 and/or FGF-2 (Fernandez Pujol et al. 2000; Zhao 
et al. 2003), and produce a functional capillary-
like mesh (Schmeisser et al. 2001) permeable by 
blood cells (Anghelina et al. 2004). By contrast 
with these reports of the vascular ability of mono-
cytes, mature macrophages form capillary-like 
lumina and branching patterns in vitro. This con-
firms their propensity to participate in new 
microvessel formation (Anghelina et al. 2004).

Experimental evidence points to mast cells as 
key host cells in the tumor infiltrate with important 
consequences for the fate of tumor cells. On the 
one hand, they are detrimental to tumor growth by 
producing molecules that kill tumor cells and by 
inducing an inflammatory reaction. On the other 
hand, they favor a tumor’s progression by promot-
ing expansion of its vascular supply, degradation 
of the tumor extracellular matrix, and immunosup-
pression (Theoharides and Conti 2004).

Mast cells are a rich source of preformed and 
newly synthesized angiogenic cytokines and 
growth factors, such as VEGF, FGF-2, TNF-a, 
IL-8, as well as of angiogenic proteases, such as 
tryptase and chymase, which are all contained 
in their secretory granules, that favor new ves-
sel formation either directly or via local recruit-
ment of activated inflammatory cells (Ribatti 
et al. 2004). In addition, mast cell–derived 
MMPs degrade the interstitial tumor stroma and 
hence release matrix-bound angiogenic factors. 
Several studies in human and experimental 
tumors have demonstrated that mast cells play a 
critical role in the support of tumor angiogene-
sis (Ribatti et al. 2004; Crivellato et al. 2008).

4.4  
 The Involvement of Macrophages  
in Vascular Mimicry in MM

We have recently shown that when bone mar-
row macrophages from MM patients are 
exposed to VEGF and FGF-2, which are 

major angiogenic cytokines secreted by 
plasma cells (Bellamy et al. 1999; Vacca et al. 
1999), and present in the bone marrow 
microenvironment at 4–5-fold higher levels 
than in peripheral blood (Di Raimondo et al. 
2000), they transform into cells functionally 
and phenotypically similar to paired MM 
endothelial cells, and generate capillary-like 
networks mimicking those of MM endothelial 
cells (Scavelli et al. 2008). By contrast, mac-
rophages from nonactive MM, MGUS, and 
benign anemia patients display similar, albeit 
weaker features. Endo thelial cell-like mac-
rophages and apparently typical macrophages 
contribute sizably to the formation of the 
neovessel wall in patients with active MM, 
whereas their vascular supply is minimal in 
nonactive MM, and absent in MGUS patients 
and control patients (Scavelli et al. 2008). In 
patients with active MM, FACS analyses on 
freshly isolated BM mononuclear cells 
revealed higher percentages of CD14/CD68 
double-positive cells than in those with non-
active disease and MGUS. Furthermore, in 
active MM patients, BM biopsies displayed 
macrophages with both endothelial cell-like 
(i.e., CD68/FVIII-RA double positive) and 
apparently typical (i.e., CD68 positive/
FVIII-RA negative) features located in the 
microvessel wall and collaborating with MM 
endothelial cells to line the vessel lumen. 
Figures of this type were rare in nonactive 
MM patients and absent in MGUS. Thus, 
macrophage involvement in the vasculogenic 
pathway proceeds in step with MM activity, 
and with progression of plasma cell tumors as 
well (Scavelli et al. 2008).

Overall, these data suggest that in active 
MM, macrophages contribute to neovascular-
ization through a vasculogenic pathway, and 
that in nonactive MM and MGUS, they are 
prone to behave accordingly, marching in step 
with progression, hence with the vascular switch 
(Kumar et al. 2004) (Fig. 4.1).
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4.5  
 The Involvement of Mast Cells  
in Vascular Mimicry in MM

We have previously demonstrated that bone 
marrow angiogenesis, evaluated as microvessel 
area, and mast cell density counts are highly 
correlated in patients with nonactive and active 
MM and in those with MGUS, and that both 
parameters increase simultaneously in active 
MM (Ribatti et al. 1999). Angiopoietin-1 
 (Ang-1) is a crucial promoter of MM cell growth 
by stimulating angiogenesis. Experimental evi-
dence indicates that Ang-1 secreted by primary 
murine mast cells promote marked neovascular-
ization in an in vivo transplantation assay 
(Nakayama et al. 2004). These authors demon-
strated that primary mast cells accelerate tumor 

growth by established plasmocytoma cell lines, 
while Ang-1-neutralizing antibodies signifi-
cantly reduced the growth of plasmocytomas 
containing mast cells.

We have recently demonstrated that at the 
ultrastructural level, vessels from MM biopsies 
are lined by mast cells whose cytoplasms are 
filled with numerous and irregularly shaped 
electron-dense granules (Nico et al. 2008). 
Moreover, thick endothelial cells, containing 
endocytotic vesicles, but lacking granules, are 
connected by a junctional system with the mast 
cells lining the vessel wall, whereas the vessels 
from MGUS biopsies are lined with thin 
endothelial cells, often surrounded by mast cells 
(Nico et al. 2008).

These ultrastructural findings have been 
confirmed by confocal laser microscopy using 
double anti-tryptase (to mark mast cells) and 

Fig. 4.1 Possible recruitment of macrophages for 
neovessel assembly by vasculogenesis in multiple 
myeloma. Circulating monocytes and macrophages 

from the resident BM pool are recruited by VEGF 
and FGF-2 (or bFGF) secreted by plasma cells and 
induced to differentiate into endothelial-like cells
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4 anti-FVIII-RA (to mark endothelial cells) 
antibodies. Vessels from MM biopsies dis-
played regions stained by FVIII-RA alternat-
ing with regions stained by both tryptase and 
FVIII-RA. In the MGUS biopsies, the vessels 
were uniformly stained by the anti-FVIII-RA 
antibody only, while tryptase-positive mast 
cells were only recognizable perivascularly 
(Nico et al. 2008).

Overall, these data suggest that in MM 
patients, mast cells contribute to neovascular-
ization. The BM of MM patients, in fact, dis-
plays typical tryptase-positive mast cells in the 
vessel wall that collaborate with endothelial cell 
to line the lumina. Since mast cells keep their 
lineage marker, they can be regarded as cells 
that do not transdifferentiate into endothelial 
cells. This behavior of mast cells can thus be 
regarded as another example of vasculogenic 
mimicry (Maniotis et al. 1999).

4.6  
 Vasculogenesis by Hematopoietic Stem  
and Progenitor Cells

At variance from normal human unbilical vein 
endothelial cells (HUVECs), we found that 
MM endothelial cells express some markers 
indicative of vasculogenesis, i.e., formation of 
new vessels from immature hematopoietic stem 
and progenitor cells (HSPCs). As shown in 
Fig. 4.2, these vasculogenic markers are CD133 
and PDGF receptor beta (PDGF-Rb) (Ria et al. 
2008; Coluccia et al. 2008). PDGF-Rb is shared 
with plasma cells and other stromal cells, and is 
a target for anti-plasma cell and anti- endothelial 
cell therapy with dasatinib (Coluccia et al. 
2008). Thus, we tested the hypothesis that 
HSPCs from MM patients could be a source of 
endothelial cells via a vasculogenic pathway 
(Ria et al. 2008). HSPCs from MM patients at 
diagnosis were harvested from peripheral blood 

before conditioning therapy, using apheresis 
and an anti-CD133 antibody. Cells seeded on 
fibronectin and exposed to VEGF, bFGF, and 
insulin-like growth factor (IGF) were able to 
differentiate into cells with an MM endothelial 
cell phenotype after a 3-week culture. HSPCs 
gradually lost CD133 and acquired VEGF 
receptor-2 (VEGFR2/KDR), factor-VIII-
related antigen (FVIII-RA) and VE-cadherin, 
indicative of a mature MM endothelial cell 
phenotype. In addition, cells adhered to 
fibronectin, spread, and acquired a typical 
endothelial cell shape. On day 21, differenti-
ated cells formed a closely knit capillary net-
work on the Matrigel surface. At variance from 
nonactive MM, MGUS, and benign anemia 
(control) patients, BM biopsies of the active 
MM showed cells co-expressing FVIII-RA and 
CD133, VEGFR2, or VE-cadherin involved in 
the formation of the microvessel wall. We 
hypothesize that VEGF, FGF-2, and IGF 
released by MM plasma cells and inflammatory 
cells during the active disease possibly induce 
the differentiation of CD133+ HSPCs into MM 
endothelial cells that contribute to the develop-
ment of the MM vasculature through vasculo-
genesis (Fig. 4.3).

HUVECs MMECs

VEGF-R2

FVIII-RA

Tie2/TEK an angiogenic
state

Indicative of:

VEGF

CD133

PDGF-R

an vasculogenic
state

Fig. 4.2 MM endothelial cells (MMECs) express 
markers indicative of both an angiogenic and a 
vasculogenic state. 
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4.7  
 Concluding Remarks

The pathogenesis of most cancers includes 
complex and mutual interactions that affect the 
number and phenotype of the tumor cells and 
host stromal cells. In this context, angiogenesis 
in MM is the result of a complex balance 
between pro- and antiangiogenic stimuli gener-
ated in the tissue milieu. The evidence summa-
rized in this chapter highlights the importance 
of the stromal microenvironment during angio-
genesis in MM and provides a novel perspec-
tive for the complex interplay between several 
stromal and vascular components in the BM 
microenvironment in MM. In this context, it 
seems of primary importance to further under-
stand the contribution of inflammatory cells to 
angiogenesis in MM.
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5.1  
 Introduction

While the understanding of the mechanisms 
underlying the development, maintenance, and 
expansion of malignant plasma cells has 
strongly increased during the past decade, mul-
tiple myeloma remains, with few exceptions, an 
incurable disease. One of the major challenges 
lies in a long-lasting control of minimal resid-
ual disease and the immune system might 
 represent a powerful tool to achieve such con-
trol or to even eradicate disseminated tumor 
cells (Hsu et al. 1997; Stevenson et al. 2004).

The capacity of the immune system, particu-
larly of T cells, to eradicate malignant hemato-
logical tumors became apparent in the late 1980s. 

5

Abstract Immunotherapy for patients suffering 
from multiple myeloma is a lively and emerging 
field in cancer research. Immunotherapeutic 
approaches offer unique treatment opportunities 
for this, to date, mostly incurable disease. 
Respective basic findings and recent clinical 
approaches are introduced and discussed. 
Although several obstacles still need to be over-
come, it appears that clinically efficient immu-
notherapies will become available for multiple 
myeloma patients in the future.
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5 At this time, autologous stem cell transplantation 
was developed and clinically applied. Interes-
tingly, relapse rates turned out to be significantly 
lower in those patients who received allogeneic 
 transplants containing donor T lymphocytes 
 compared to patients treated with autologous or 
T cell depleted allogeneic transplants. Improved 
survival was based on the capacity of cytolytic 
T cell clones to specifically recognize tumor cell-
associated antigens expressed by the malignant 
clone – resulting in tumor cell eradication (graft 
versus leukemia effect) (Gale et al. 1989; Hughes 
et al. 1989). In an allogeneic setting, donor T 
cells regularly respond against a broad repertoire 
of non-self minor histocompatibility (minor H) 
antigens exclusively expressed by host cells. 
Since expression of minor H antigens is not 
restricted to malignant cells, a graft versus leuke-
mia effect is often associated with donor T cell 
activity against normal host cells, resulting in 
variable, but often fatal, degree of graft versus 
host disease.

Since the late 1980s, it has therefore been a 
major goal of tumor immunotherapy to target 
T cell responses selectively against antigens that 
are differentially expressed by malignant cells. 
These attempts have led to the discovery of a large 
panel of antigens expressed by tumors, including 
multiple myeloma (MM), which can now be used 
for eliciting specific T cell responses.

5.2  
 Myeloma-Associated Antigens

A variety of tumor-associated antigens have been 
identified in multiple myeloma cell lines or 
freshly isolated MM cells. Among them are a 
number of cancer testis antigens. Antigens from 
this class are expressed only at immune privileged 
sites of the testes. In healthy individuals, they are 
not accessible for specific T cells but can be rec-
ognized and attacked when expressed on malig-
nant tumors elsewhere in the body. Still, cancer 

testis antigens are presented in the thymus, 
where central tolerance is induced. Therefore, 
T cells recognize these antigens generally with 
only intermediate affinity. SPAN-XB (Frank et al. 
2008), MAGE-A1, MAGE-A3, SSX or CT7 
(Lendvai et al. 2010), or NY-ESO-1 (van Rhee 
et al. 2005) are expressed on myeloma cells and 
therefore may represent suitable target antigens 
for T cell-based immunotherapy. In addition to 
cancer testis antigens, further antigens are over-
expressed on myeloma cells such as Wilms’ 
tumor antigen (WT1) (Azuma et al. 2004), MUC1 
(Choi et al. 2005), the Lewis-y (Le(y)) antigen 
(Peinert et al. 2010), Dickkopf 1 (DKK1) (Qian 
et al. 2007), the receptor for hyaluronic acid-
mediated motility (RHAMM) (Schmitt et al. 
2008) or HM1.24. The latter has been identified 
as a surface molecule preferentially expressed on 
terminally differentiated B cells, and its overex-
pression is observed in multiple myeloma and 
also other malignancies (Hundemer et al. 2006). 
Besides common tumor antigens, the idiotype 
protein secreted by the malignant plasma cell 
clone represents a unique, though individual, MM 
antigen. Experimental and some clinical data 
show that the anti-Id immune response is able to 
kill MM tumor cells in vitro and in vivo (Li et al. 
2000; Wen et al. 2001).

Due to the virtually unavoidable risk of graft 
versus host disease during allogeneic T cell 
transplantation, many researchers have focused 
on the induction of tumor-specific T cells in an 
autologous setting, for example, by vaccination. 
However, induced autologous T cell responses 
against tumor-associated self-antigens, due to 
central tolerance mechanisms in the thymus, 
are only of limited TCR affinity. This raised the 
concern that related therapeutic approaches 
may be less likely to efficiently control tumor 
progression. Therefore, researchers addressed 
the question of spontaneous immunogenicity 
of multiple myeloma and the prognostic impact 
of spontaneous immune responses. Meanwhile, 
multiple studies described spontaneous T cell 
and B cell responses against virtually all 
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described multiple myeloma antigens, involv-
ing idiotype protein (Yi et al. 1995), MUC1 
(Choi et al. 2005), NY-ESO-1 (van Rhee et al. 
2005) or MAGE-A3, CT7 and SSX (Lendvai 
et al. 2010). Moreover, it was clearly shown that 
spontaneous T cell responses against myeloma 
antigens correlated with prolonged survival 
(Raitakari et al. 2003; Brown et al. 1997).

These findings provide a rationale for boost-
ing preexisting and for inducing de novo 
myeloma-specific T cell responses in an autolo-
gous setting and are currently pursued in the 
context of various clinical vaccination trials.

5.3  
 Vaccination

Various clinical studies in MM have shown 
the capacity of vaccination to elicit myeloma- 
specific immune responses. These studies 
exploited a variety of different strategies. These 
are based on the application of whole tumor cells 
or tumor cell lysates, tumor peptides, peptide-
loaded tumor cell-derived heat shock proteins, 
or antigen-encoding DNA and are often comple-
mented by adjuvants and cytokines or presented 
through professional antigen presenting cells.

A critical issue of tumor vaccination is the 
choice of the antigen. Most immunotherapies are 
directed against MM target antigens expressed 
by mature myeloma cells. However, the small 
population of self-renewing, largely treatment-
resistant “tumor initiating cells” (Matsui et al. 
2004) may resemble a much more relevant target 
and the repertoire of antigens expressed by this 
population needs to be characterized for selective 
immunotherapeutic targeting in future trials.

A major drawback of tumor vaccines lies in 
the clonal selection of antigen loss variants, 
resulting in immune escape and tumor progres-
sion despite persistent immune response. To 
date, it appears therefore questionable if vacci-
nation with a single antigen can effectively 

eradicate or control MM. The combination of 
multiple defined antigens, the use of tumor 
lysate or tumor cell-derived heat shock proteins 
provides the theoretical advantage of avoiding 
the selection of immune escape variants.

Ideal target antigens should play an essential 
role for maintenance of the malignant phenotype 
of the cell, exclusively but broadly expressed by 
tumor cells and not be subject to induction of 
central T cell tolerance in the thymus. Up to date, 
such antigen has not been identified in MM. 
However, with regard to tumor selectivity, the 
antibody idiotype expressed by the malignant 
clone represents a unique antigen not expressed 
in any other cell type, including the thymus. 
A major caveat, however, lies in the fact that 
idiotype-specific vaccination requires a patient-
tailored treatment which is extremely costly, 
laborious, and has to overcome major regulatory 
hurdles. Nevertheless, many clinical approaches 
focused on this antigen, and recently a clinical 
benefit of such an approach was demonstrated by 
a phase III trial in patients with advanced B cell 
lymphoma (Schuster et al. 2009).

Intradermal vaccination with purified autol-
ogous M protein in conjunction with GM-CSF 
and IL-12 elicited Id-specific immune responses 
that were associated with prolonged time to 
progression in several patients (Hansson et al. 
2007). More sophisticated approaches of anti-
idiotype vaccination are based on purified Id 
protein or light and heavy chain variable regions 
linked to adjuvant molecules, such as keyhole 
limpet hemocyanin or immunostimulatory 
cytokines such as IL-2, IL-12, or GM-CSF 
(King et al. 1998; Osterborg et al. 1998), 
(Rasmussen et al. 2003; Stritzke et al. 2003). 
Moreover, a DNA vaccine has been constructed 
that encodes the gene for a single chain of the 
rearranged idiotype protein and can be fused 
with adjuvants such as the sequence of the teta-
nus toxoid as an enhancer of concomitant T cell 
help. This approach revealed high immunoge-
nicity and is under evaluation in clinical trials 
(Stevenson et al. 2004).
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5 In contrast to idiotype protein defined anti-
gens commonly overexpressed on a majority 
of myeloma cells are generally applicable to all 
patients. Some antigens, involving HM1.24, 
MAGE-A3, SPAN-XB, DKK1, WT1-specific 
CTL and NY-ESO-1 are in early phases of clinical 
development (Chiriva-Internati et al. 2003; Rew 
et al. 2009), while a recent Phase 1 clinical trial of 
RHAMM-R3 peptide vaccination already showed 
a reduction of free light chains in the serum of two 
out of four MM patients (Schmitt et al. 2008).

In order to avoid the problem of antigen 
escape variants, several approaches focus on the 
application of multiple myeloma antigens. One 
such strategy is based on vaccination with puri-
fied heat shock proteins. Heat shock proteins are 
chaperones that are capable of binding peptide 
fragments of multiple proteins within the tumor 
cell, involving tumor-associated antigens. It was 
shown recently, that pooled heat shock proteins 
isolated from various myeloma cell lines induce 
immune responses against a broad spectrum of 
myeloma-associated antigens and may provide a 
therapeutic option for immunotherapy of multi-
ple myeloma (Qian et al. 2009).

A personalized strategy of multiepitope vac-
cination has been developed by Cell Genesys 
with the Gvax® myeloma vaccine. The i.d. vac-
cine consists of irradiated, autologous myeloma 
cells that are administered with K562 bystander 
cells, genetically engineered to produce GM-CSF 
as an adjuvant to recruit professional antigen 
presenting cells to the vaccination site. Seventeen 
patients were vaccinated in the frame of a phase 
I/II trial following chemotherapy and autologous 
stem cell transplantation with promising clinical 
results (Borrello et al. 2004).

Direct vaccination with naked proteins, 
 peptides, or DNA requires a complex course of 
events. This includes the recruitment and local 
activation of professional antigen-presenting 
cells, namely, dendritic cells (DC) followed by 
antigen uptake and -processing, the migration 
of antigen-presenting cells into draining lymph 
nodes, and finally the upregulation of costimu-
latory molecules and presentation of antigen 

fragments to naïve and memory T cells. DC in 
patients with myeloma often lack the capacity 
to express the costimulatory molecules CD80 
and CD86, which are indispensable for the 
induction of protective T cell responses. Therefore, 
vaccination in myeloma patients might favor 
from approaches to generate antigen-pulsed 
activated DC from autologous precursor cells 
ex vivo under appropriate conditions for i.d. 
application (Reichardt et al. 1999).

Several studies have investigated the use of 
idiotype protein or peptide-pulsed DC after 
high-dose therapy and autologous peripheral 
blood stem cell transplantation (Reichardt et al. 
1999; Lim and Bailey-Wood 1999; Liso et al. 
2000; Yi et al. 2003) as well as after conven-
tional therapy (Reichardt et al. 1999; Tarte et al. 
1997; Dabadghao et al. 1998; Titzer et al. 2000; 
Ridgway 2003; Zeis et al. 1998). DC-based 
idiotype vaccination of myeloma patients is fea-
sible and safe and can induce specific immune 
responses. A specific question of interest is the 
requirement of adjuvants for the recruitment 
and activation of bystander immune cells and 
for the stimulation of strong helper T cell 
responses. In many approaches, DC were not 
only pulsed with the idiotype antigen but also 
with KLH, which strongly stimulates T helper 
cells and thereby promoted strong anti-idiotype 
cytotoxic T cell responses (Reichardt et al. 
1999; Liso et al. 2000) and also promising clini-
cal results (Curti et al. 2007). This strategy was 
further developed by the addition of GM-CSF 
(Reichardt et al. 2003; Rice and Hart 2002) or 
IL-2 (Yi et al. 2003).

In conclusion, these early clinical trials 
clearly demonstrate that myeloma-specific 
T cell responses can be elicited through vacci-
nation and also point to the possibility that 
such strategy may improve the prognosis of 
MM patients. However, clinical effects were 
observed only in proportions of patients and it 
remains questionable whether these will be long 
lasting. Thus, clinical efficacy still appears low 
and needs to be demonstrated by randomized 
prospective trials. A major challenge in the 
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future will be to understand why vaccines 
remain inefficient in some patients and to 
develop methods to overcome these limitations. 
A strategy to circumvent this problem is the 
development of biomarkers for selection of only 
those patients that will benefit from a vaccine.

5.4  
 Immune Evasion

Immunotherapy of multiple myeloma is partic-
ularly challenging, since MM is associated with 
a variety of immune defects. These may influ-
ence the efficiency of immunotherapies and 
need to be addressed by future immunothera-
peutic strategies (Cook and Campbell 1999). It 
is known for a long time that myeloma patients 
are prone to infections due to a general state of 
immune suppression (Zinneman and Hall 1954; 
Glenchur et al. 1959; Perri et al. 1981).

MM tumor cells secrete a variety of immune 
modulatory factors such as IL-6, IL-10, VEGF, 
and TGFb (Brown et al. 2004; Cook et al. 1999; 
Campbell et al. 2001; Oyama et al. 1998). 
Through these factors, the malignant clone gen-
erates a microenvironment in the bone marrow 
that on the one hand supports growth, differen-
tiation, and survival of the tumor cells and on the 
other hand impairs the host immune response 
and tumor rejection. One target cell population 
of myeloma-associated immune suppression are 
dendritic cells. MM patient–derived DCs exert 
phenotypic and functional defects that are char-
acterized by a reduced expression of molecules 
required for antigen presentation and T-cell 
stimulation, such as CD40, CD80, and HLA-DR 
and by a reduced capacity to activate virus or 
myeloma-specific T cells. Interestingly, block-
ade of myeloma-derived IL-6 could partially 
restore DC function (Wang et al. 2006). However, 
even in the case that functional myeloma-reac-
tive T cells have been generated spontaneously 
or in the course of immunotherapy, antitumor 
efficacy of such T cells appears to be reduced. 

Verdonck et al. demonstrated that MM appears 
to be more resistant even to allogeneic (donor 
lymphocyte infusion) when compared with other 
malignant diseases, such as CML (Verdonck 
et al. 1998) and Coscia et al. reported that the 
induction of peripheral anti-idiotype T cell 
responses in the skin through s.c. idiotype vac-
cination showed no effect on the residual tumor 
burden in MM patients (Coscia et al. 2004). This 
may be due to the fact that myeloma resides 
within a specialized and modified bone marrow 
microenvironment that strongly differs from 
peripheral sites. Indeed, in the presence of 
myeloma, plasmacytoid dendritic cells (pDCs) 
in the bone marrow (BM) microenvironment 
mediate immune deficiency and promote MM 
cell growth and drug resistance. Therefore, ther-
apeutic modi fication of pDC function might be 
required for efficient myeloma immunotherapy. 
It was shown recently, that toll-like receptor 
activation on pDCs restored pDC immune func-
tion and abrogated pDC-induced MM cell 
growth (Chauhan et al. 2009).

Besides their inhibition of DC function, 
myeloma cells also directly inhibit T cell 
responses. Myeloma-derived TGFb reduces 
T cell proliferation and activation through the 
inhibition of autocrine IL-2 pathways (Campbell 
et al. 2001). Such a mechanism may be respon-
sible for alterations in the Vb T cell repertoire 
after autologous bone marrow transplantation 
that have been reported in myeloma patients 
which were associated with reduced survival 
(Brown et al. 1997; Mariani et al. 2001). 
Therapeutic approaches to overcome these alter-
ations involve the ex vivo activation of patient-
derived T cells with anti-CD3 alone or together 
with anti-CD28 mAb-coated beads, eventually 
complemented by IL-15. Such treatment was 
able to restore the IL-2 autocrine pathways and 
T cell proliferation (Campbell et al. 2001) and to 
correct the skewing of the Vb TCR repertoire 
(Brown et al. 1997). MM Ag-specific T cells cir-
culating in the blood of MM patients could be 
isolated, expanded, and activated ex vivo for 
subsequent reinfusion.
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5 5.5  
 Regulatory T Cells

CD4+ regulatory T cells (Treg) play a critical 
role in the maintenance of peripheral self- 
tolerance but also in the suppression of tumor-
reactive helper and cytotoxic T cells thereby 
representing a major tumor evasion strategy and 
an obstacle to successful tumor immunotherapy 
(Liyanage et al. 2002; Shevach 2002; Zou 
2005). Treg cells can be distinguished from 
other T cell subsets by their constitutive expres-
sion of the interleukin (IL)-2 receptor alpha 
chain (CD25) and also by the expression of the 
transcription factor forkhead box P3 (FOXP3), 
a master regulator of Treg cell development. 
Treg secrete inhibitory cytokines such as IL-10 
and TGFb (Liyanage et al. 2002) and exert 
T cell suppressive activity (Curiel et al. 2004). 
Treg cells suppress both the induction of the 
immune response in the draining lymph nodes 
as well as T cell activity inside the target organ 
(Suri-Payer and Fritzsching 2006). Treg have 
been found to be expanded in the blood and 
tumors of many patients with different tumors 
and increased densities of tumor-infiltrating 
FoxP3+ Tregs have been associated with poor 
prognosis in various solid tumors (Curiel et al. 
2004; Hiraoka et al. 2006; Sato et al. 2005; Gao 
et al. 2007; Kobayashi et al. 2007). The deple-
tion of Treg cells induced effective immunity in 
mice and spontaneous tumor rejection (Yu et al. 
2005). In the past, there was a controversy as to 
whether Treg are increased or decreased in mul-
tiple myeloma and if they possess functional 
capacity or are rather dysfunctional (Prabhala 
et al. 2006; Joshua et al. 2008) but more recent 
studies favor the notion that Treg in myeloma 
patients are increased and functional and may 
contribute to myeloma immune escape. A 
potential role of Treg in the immune suppres-
sion in MM was initially suggested in 2004 
(Prabhala et al. 2004), and more recently 
increased Treg frequencies in myeloma patients 

were interpreted as a response to the process of 
malignant transformation (Beyer et al. 2006; 
Laronne-Bar-On et al. 2008; Feyler et al. 2009). 
While an experimental evidence of functional 
relevance for myeloma-specific T-cell immu-
nity is still missing, the current observations 
suggest that therapeutic targeting of Treg in 
multiple myeloma may provide an option to 
improve the immunological and clinical out-
come of immunotherapeutic approaches.

5.6  
 Humoral Immunotherapy

B cell malignancies were the first to be effi-
ciently treated by tumor-directed monoclonal 
antibodies, such as rituximab (anti-CD20). 
Since then, antibody-based therapy is clinically 
explored in many tumor diseases and multiple 
new therapeutic antibodies with a broad variety 
of specificities are being developed. Clinical 
efficiency of most therapeutic antibodies is 
based on their capacity to recruit and activate 
cytotoxic effector mechanisms of the innate 
immune system. This occurs either by engage-
ment of activating Fc receptors expressed on 
NK cells or macrophages on the tumor cell sur-
face leading to antibody-dependent cellular 
cytotoxicity (ADCC) or by activating the com-
plement cascade through tumor cell–bound 
antibodies (CDCC).

One major issue of antibody therapy of MM 
is the selection of a suitable surface antigen. So 
far, various candidate molecules that were found 
to be overexpressed on malignant plasma cells 
have been suggested. These involve common 
plasma cell markers such as CD38, CD138 or 
CD74, VEGF, the unclustered surface type II 
transmembrane glycoprotein, HM1.24 (Yang 
et al. 2003), PSGL1, which is the major ligand 
of P-Selectin and a marker of plasmacytic dif-
ferentiation expressed at high levels on normal 
and neoplastic plasma cells (Tripodo et al. 2009), 
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FGF receptor 3 (FGFR3), which plays a role in 
the development of t(4;14)-positive multiple 
myeloma (Qing et al. 2009), CD1d (Spanoudakis 
et al. 2009), IGF-1R (Descamps et al. 2009), 
CS1 (Tai et al. 2008) or OFA/iLR (Friedrichs 
et al. 2008). Spontaneous antibody responses 
against the latter antigen were capable of killing 
myeloma cells in ADCC assays and correlated 
with lower probability of disease progression 
(Siegel et al. 2008). Therapeutic, monoclonal 
antibodies against these myeloma-associated 
antigens have been generated and some of them, 
including antibodies directed against FGFR3 
(Qing et al. 2009), CD74 (milatuzumab) (Stein 
et al. 2009), IGF-1R mAb (AVE1642) (Descamps 
et al. 2009), or CS1 (HuLuc63) (Hsi et al. 2008) 
exerted strong ADCC-mediated reactivity 
against human multiple myeloma in xenograft 
mouse models. Some therapeutic antibodies 
have been evaluated already in clinical trials. A 
CD20-directed phase II study with rituximab in 
combination with melphalan and prednisone 
failed to result in improved response rates or 
event-free survival (Baz et al. 2007). This might 
be due to the fact that less than 20% of fresh 
myeloma cells express CD20 (Treon et al. 2001; 
Musto et al. 2003; Lim et al. 2004). However, a 
phase I study targeting IGF-1R, which is highly 
expressed on myeloma cells, with the IGF-1R 
monoclonal antibody CP-751,871 showed clini-
cal response in 9 out of 27 myeloma patients 
treated (Lacy et al. 2008). In the next future, a 
broad variety of therapeutic antibodies for 
immunotherapy of multiple myeloma will be 
developed and evaluated in early clinical trials.

5.7  
 Adoptive Cellular Therapy

The capacity of the immune system, particu-
larly of T cells, to eradicate hematological 
tumors was discovered after the introduction of 
autologous stem cell transplantation in the late 

1980s. At that time, it became apparent that 
allogeneic BMT resulted in lower relapse rates 
than autologous stem cell transplantation or 
T-cell-depleted allogeneic BMT. Similarly, allo-
geneic stem cell transplantation resulted in a 
higher rate of molecular remission in MM 
(Bensinger et al. 1996; Corradini et al. 1999). In 
2007, Levenga et al. treated 24 MM patients 
with partial T cell-depleted myeloablative SCT 
and preemptive donor lymphocyte infusion. 
Seven of these patients (29%) achieved contin-
uous CR (Levenga et al. 2007). Other investiga-
tors treated MM patients by DLI after high-dose 
therapy with autologous stem cell transplant 
(Ballester et al. 2004) with promising clinical 
results or by a combination of post-transplant 
immunotherapy with escalating DLI and novel 
agents (thalidomide, bortezomib, and lenalido-
mide) to target complete remission and reported 
improved 5-year progressive-free and overall 
survival (Kroger et al. 2009).

Due to the high rate of treatment-related 
morbidity/mortality after allogeneic BMT, new 
treatment approaches seek to combine donor 
lymphocyte infusion (DLI) with less toxic non-
myeloablative conditioning regimen (Singhal 
et al. 2000; Garban et al. 2001; Perez-Simon 
et al. 2003; Crawley et al. 2005). Several  studies 
aimed at inducing MM-specific T cell responses 
before DLI in the donors through idiotype vac-
cination and repeated i.d. vaccinations of the 
recipients after the transfer. These vaccinations 
induced donor i.d.-specific cellular and/or 
humoral immune responses (Neelapu et al. 
2005).

Besides cytotoxic T cells, preclinical studies 
suggest that natural killer lymphocytes (NK 
cells) may possess therapeutic capacity against 
multiple myeloma. It was shown that myeloma 
cells are susceptible to NK cell lysis (Frohn 
et al. 2002) and that NK cells are involved in the 
control of malignant plasma cells in MM 
patients. NK cells belong to the innate immune 
system and possess an inherent cytotoxic capac-
ity. They recognize ligands overexpressed on 
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5 the surface of many tumor cells, including MM. 
Some drugs, such as thalidomide can further 
augment this cytotoxic effect (Gonzalez et al. 
1992; Frohn et al. 2002; Zheng et al. 2002; 
EL-Sherbiny et al. 2003).

Recently, Shi et al. clinically challenged this 
approach by transfusing haplo-identical, T cell-
depleted NK cells after conditioning therapy 
with melphalan and fludarabine to patients 
with advanced multiple myeloma (MM) who 
received afterward autologous stem-cell trans-
plantation. Clinical remissions were observed 
in 50% of the patients (Shi et al. 2008).

5.8  
 Conclusion

Immunotherapy of multiple myeloma is a lively 
and growing field. Major progress of the past 
years in understanding interactions between the 
immune system and malignant cells will 
strongly augment the design of clinically more 
efficient study protocols in multiple myeloma. 
Multiple different approaches are currently 
evaluated in clinical trials and it appears a ques-
tion of when rather than if tumor immunother-
apy in multiple myeloma will proof clinical 
efficiency.
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Abstract  Monoclonal gammopathy of unknown 
significance (MGUS) as one of the most com-
mon premalignant disorders and smoldering 
multiple myeloma (sMM) are both caused by a 
proliferation of monoclonal plasma cells lead-
ing to a detectable serum monoclonal protein 
and/or excess of plasma cells in the bone mar-
row. Prerequisite for the diagnosis is that plasma 
cell disease does not cause clinical symptoms. 
Cytogenetic aberrations are detectable in the 
majority of patient in the clonally expanded 
plasma cells. MGUS consistently proceeds 
symptomatic MM. The lifetime risk of progres-
sion into symptomatic multiple myeloma lies 
between 15% and 59% for patients with MGUS 
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6.1  
 Definition of Monoclonal Gammopathy  
of Undetermined Significance (MGUS)  
and Smoldering Multiple Myeloma (sMM)

Monoclonal gammopathy of undetermined 
 signi ficance (MGUS) is defined by the detec-
tion of a monoclonal protein in serum or urine 
at a concentration of 30 mg/l or below in protein 
electrophoresis or free-light-chain (FLC) assay, 
the presence of <10% of plasma cells in the 
bone marrow and no evidence of end organ 
damage (Kyle et al. 2010).

Smoldering (asymptomatic) multiple mye-
loma (sMM) is defined by the presence of a 
monoclonal protein level of 30 g/l or more or 
10% or more of clonal plasma cells in the bone 
marrow but no end organ damage (Kyle et al. 
2010; Blade et al. 2010) as summarized above 
and in Tables 6.1–6.3. The Mayo group has fur-
ther clarified that for these criteria the monoclo-
nal protein has to be of IgG or IgA and plasma 
cells need to be clonal (Kyle and Rajkumar 
2009). Fifteen to twenty percent of newly 

diagnosed multiple myeloma patients are classi-
fied as sMM (Weber et al. 1997).

6.2  
 Prevalence of MGUS

MGUS is one of the most common premalig-
nant disorders. Kyle et al. found an age-adjusted 
prevalence of MGUS in residents of Olmsted 
county in Minnesota (USA) of 4.0% in men 
versus 2.7% in women (Kyle et al. 2006). Other 
studies have clearly demonstrated that there are 
ethnic differences in the MGUS prevalence. 
The overall prevalence of MGUS in the Japanese 
population is lower than in western population 
with a prevalence of 2.8% in men versus 1.6% 
in women (Iwanaga et al. 2007). The highest 
overall prevalence reported so far was 5.84% 
among men in Ghana (Landgren et al. 2007). 
These results were confirmed by a comparative 
analysis of the MGUS prevalence among 
African Americans and white veterans in the 

Medical history and physical examination
CBC
Serum calcium and creatinine
Protein studies
•  Total serum protein and serum electrophoresis 

(serum M-protein quantitation)
•  24-h urine protein electrophoresis (urine 

M-protein quantitation)
• Serum and urine immunofixation
•  Serum free-light-chain measurement (FLC 

ratio)
b2-microglobulin
Bone marrow aspirate
Skeletal survey
MRI of thoracic-lumbar spine and pelvis

Table 6.1 Recommended work-up at baseline in 
patients with suspected monoclonal gammopathy of 
unknown significance/smoldering multiple myeloma

FLC free-light-chain, MRI magnetic resonance 
imaging

or sMM. Prognostic parameters for develop-
ment of symptomatic multiple myeloma from 
MGUS or sMM are concentration of monoclo-
nal protein, bone marrow plasmocytosis, a non-
IgG subtype and an abnormal free-light chain 
ratio. Detection of more than 1 focal lesion in 
whole body MRI, 95% or more of bone marrow 
plasma cells displaying an aberrant phenotype 
in flow cytometry and an evolving clinical 
course in two consecutive follow-up visits are 
additional prognostic parameters for sMM. 
Currently there is no accepted secondary pre-
vention strategy available for sMM and MGUS 
progression. Future studies are required to com-
bine increasing knowledge on risk factors and 
molecular pathogenesis with targeted agents to 
prevent progression.
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United States showing an age-adjusted preva-
lence ratio of 3.0 in African Americans com-
pared to white veterans (Landgren et al. 2006).

Furthermore, there is a well-known correla-
tion between age and the occurrence of MGUS. 
In the Japanese population, the prevalence 
increases with age in both sexes: from 1% in 
 participants aged 42–49 years, 1.9% in those 
50–59 years, 2.6% in those 60–69 years, 3% in 
those 70–79 years, and 4.4% in those 80 years 
and older (Iwanaga et al. 2007). Similar data 
with age related increase of incidence and prev-
alence are available from the United States 

(Olmsted county) with 5.3% in persons 70 years 
or older and 7.5% in those 85 years and older, 
respectively with a preference of men (Kyle 
et al. 2006).

Recently, Dispenzieri et al. have presented 
the most extensive investigation on the condi-
tion of light-chain MGUS by analyzing blood/
serum samples from the Olmsted county cohort 
(Dispenzieri et al. 2010). Light-chain MGUS 
was defined as an abnormal protein electro-
phoresis with no IgH expression, plus increased 
concentration of the involved light chain. 
Whereas the overall prevalence of MGUS in 

Feature MGUS SMM Multiple myeloma

BMPC (%) <10 and ³10 and/or ³10 and/or
Serum monoclonal protein (g/l) <3 ³3 ³3
Clinical manifestation Absent Absent Presenta

Table 6.3 Differential diagnosis for MGUS, SMM, and symptomatic MM

From the International Myeloma Working Group
Clinical manifestations defining myeloma if other criteria (BMPC/monoclonal protein)
CRAB-criteria definition: C, Calcium conzentration in serum > 10.5 mg/dl; R, Renal impairment (serum 
creatinine > 2 mg/dl); A, Anemia (hemoglobin concentration < 10 g/dl or 2 g/dl below normal value; B, Signs 
of bone destruction (osteolyses and/or osteoporosis)
MGUS monoclonal gammopathy of undetermined significance, SMM smoldering (asymptomatic)  multiple 
myeloma, MM multiple myeloma, BMPC bone marrow clonal plasma cells
aClinical features may include increased serum calcium concentrations, renal failure, anemia, skeletal  
involvement (lytic lesions), recurrent bacterial infections, and/or extramedullary plasmacytomas

Study M protein (g/dl) Bone marrow plasma cells (%)

Kyle and Greipp (1980) ³3 ³10
Alexanian et al. (1988) >2 –
Wisloff et al. (1991) IgA >1.5; IgG >3 –
Facon et al. (1995) – >15
Weber et al. (1997) >2.5 –
Cesana et al. (2002)a IgA 2.1–4.9; IgG 3.6–6.9;  

light chain proteinuria >1 g/24 h
>10

Rosinol et al. (2003)b ³3 ³10
IMWG 200310c ³3 ³10

Table 6.2 Diagnostic criteria of smoldering multiple myeloma in different reported series

Ig immunoglobulin, IMWG international myeloma working group
aEither diagnostic criterion is acceptable
bBoth diagnostic criteria are required
cEither or both diagnostic criteria are acceptable
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6 this population was 3.3%, 0.8% of patients 
 fulfilled the criteria for light-chain MGUS. 
Progression into plasma cell-disorders were 
approximately 1% per year for conventional 
and only 0.3% for light-chain MGUS. Of note, 
progression of light chain MGUS was always 
into light-chain myeloma. Importantly, the 
risk of renal diseases was increased in conven-
tional and light-chain MGUS and 23% of 
light-chain MGUS had renal disease that was 
not recognized as being related to a plasma 
cell disorder.

6.3  
 Differential Diagnosis and Diagnostic 
Assessment

Monoclonal immunoglobulins can be associ-
ated with other lymphoproliferative disorders 
like AL-amyloidosis, Waldenström’s disease 
(in case of a monoclonal IgM) or POEMS-
syndrome, and patients should be evaluated  
for these entities. Figure 6.1 demonstrates the 
 frequency of distinct monoclonal plasma cell- 
diseases in 1,684 consecutive cases of a Mayo 
Clinic population in 2006 (Kyle and Rajkumar 
2007).

6.3.1  
 Initial Diagnostic Assessment

Recently expert panels have reviewed the initial 
diagnostic work-up of patients with monoclonal 
gammopathy (Kyle et al. 2010; Berenson et al. 
2010; Blade et al. 2010). The first step is a com-
plete medical history and physical examination. 
Laboratory assessment includes quantification of 
the M-protein in serum and urine by electropho-
resis. Most experts recommend 24-h-urine col-
lection and analysis of M-protein and total protein 
for all patients at initial diagnosis. Some experts 
consider it sufficient for patients with expected 
MGUS that presence of M-protein should ini-
tially be investigated in a regular urine specimen 
and – in case of positive result – have a follow-up 
investigation using a 24-h-urine specimen. 
Further recommended laboratory tests are serum 
electrolytes, blood count, and routine chemistry 
in particular to determine the renal function.

Finally serum FLC should be performed as 
an additional tool to assess risk for development 
of Multiple Myeloma (see below). Serum chem-
istry and hematology lab data particularly focus 
on the question if any of the “CRAB”-criteria 
relevant for the diagnosis of symptomatic mul-
tiple myeloma according to the International 
Myeloma Working Group are met (Calcium 

MGUS
Multiple Myeloma
Amyloidosis
Lymphoproliferative disorders
Smoldering myeloma
Waldenström’s macroglobulinemia
Solitary plasmacytoma
Other

Fig. 6.1 Distribution of incidence of monoclonal plasma cell disorders (Kyle and Rajkumar 2007)
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elevation (>2.75 mmol/l), Renal dysfunction 
(creatinine >173 mmol/l), Anemia (hemoglobin 
<100 g/l), and Bone disease) (Kyle et al. 2010) 
(Tables 6.1–6.3).

Although some experts have questioned the 
relevance of bone evaluation for low-risk 
MGUS patients, the authors clearly recommend 
to assess bone disease at least with plain X-ray 
evaluation as part of the initial work-up 
(Berenson et al. 2010). For patients with bone 
pain or unclear results of the plain bone X-ray 
additional imaging techniques as MRI or CT 
are indicated (Bäuerle et al. 2009; Hillengass 
et al. 2010). Due to the prognostic impact and 
the possibility to recognize potentially clinical 
relevant lesions authors nowadays recommend 
a spine/pelvis MRI as part of initial work-up.

In addition, for initial work-up of IgM 
MGUS to investigate for lymphoproliferative 
disease an abdominal imaging technique is rec-
ommended at least as an abdominal ultrasound 
or CT of the abdomen (Weber et al. 2003).

Bäuerle et al. have demonstrated that 39% of 
MGUS and asymptomatic myeloma patients 
with normal bone skeletal survey had lesions in 
the axial skeleton and 37% in the extra-axial 
skeleton. Lesions in this group of patients can 
be clinically relevant as 13% of lesions violated 
the cortical bone implying an increased risk of 
fracture. Moreover MGUS patients in initial 
work-up need to be distinguished from solitary 
plasmocytoma which sometimes is difficult if 
the solitary plasmocytoma is not visible in the 
plain X-ray but produces an M-Protein suffi-
cient to be detected by Immunofixation/protein 
electrophoresis. For these reasons, whole body 
MRI has to be considered superior to spinal 
MRI in initial work-up. The analysis by Bäuerle 
et al. did not reveal an alternative clinical or 
laboratory parameter that would predict the 
presence of lesions or even clinically relevant 
lesions in MGUS patients.

In summary, MRI of pelvis and spine are 
recommended in case of symptomatic MGUS/
sMM patients. In addition, recent publications 

have recommended MRI of pelvis and spine for 
sMM and MGUS even in asymptomatic patients 
as MRI has overall prognostic implications and 
can reveal lesions that can lead to local clinical 
symptoms in the near future (e.g., fracture, 
extramedullary disease) (Blade et al. 2010; Kyle 
et al. 2010).

For patients with suspected osteopenia as per 
conventional X-ray skeletal status or in a CT a 
dual energy X-ray absorptiometry (DXA) scan 
is recommended. As described below (para-
graph 6.5.5) in more detail MGUS and sMM 
patients with asymptomatic osteopenia can be 
considered for bisphosphonate treatment in case 
of significant osteopenia.

The plasma cell labeling index and flow-
cytometric analysis of circulating plasma cells 
are possible additional investigations (Nowako-
wski et al. 2005). In the study by Perez-Persona 
a prognostic score for MGUS/sMM patients was 
developed using multicolor flow cytometry of 
bone marrow plasma cells to detect percentage 
of abnormal plasma cells. Immunoparesis and 
DNA ploidy status will be discussed later in this 
chapter in the sMM part (Perez-Persona et al. 
2010).

Although cytogenetic evaluation has brought 
a wealth of data to support a sub-categorization 
of MGUS as described below, up to now there is 
no clear prognostic evidence for MGUS patients 
(Ross et al. 2010). Although cytogenetic inves-
tigation will be an important analysis in future 
clinical studies in MGUS, there is no general 
recommendation outside of clinical studies to 
perform those analyses using conventional 
cytogenetics or FISH (fluorescence in situ-
hybridization) techniques.

6.3.2  
 Follow-up Recommendations

A first follow-up investigation should be per-
formed 3–6 months after first diagnosis of 
MGUS/sMM. This visit should be focused on 
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6 comparing the paraprotein in serum and urine 
with analysis obtained at first visit as well as 
renal function if no other clinical aspects 
occurred in the meantime. Further management 
of MGUS patients is dependent on the risk 
assessment.

Patients with low-risk MGUS (for risk 
 factors see below) can be followed once a year 
and if stable in 2–3-year intervals. Patients with 
intermediate and high risk MGUS should 
receive follow-up investigation 3–6 months 
after first diagnosis and subsequently annually 
for lifetime. Bone marrow and imaging are not 
routinely performed on these follow-up visits 
but would be recommended if clinical evalua-
tion or laboratory values indicate disease 
progression.

Bianchi et al. have recently investigated the 
relevance of regular long-term follow-up 
(Bianchi et al. 2010). Surprisingly, myeloma 
was diagnosed only in 16% of patients as a 
consequence of the routine follow-up whereas 
in 45% as a result of serious MM-related com-
plication. In 25% MM was diagnosed as a 
result of less serious symptoms, during work-
up of unrelated medical conditions (11%) or 
unknown (3%).

6.4  
 Risk Factors for Progression

6.4.1  
 Prognostic Factors for Progression for Patients  
with MGUS

In a prospective long-term study, Landgren 
et al. recently showed that among 77,469 
Healthy donors 71 developed a MM and that in 
all cases a MGUS was present before, indicat-
ing that MM is consistently proceeded by 
MGUS (Landgren et al. 2009).

For monitoring the disease and future thera-
peutic options it is important to assess the risk 
of progression from MGUS into a clinical MM. 
The International Myeloma Working Group has 
summarized the existing research and identified 
five predictors to estimate the risk of progres-
sion into MM: (1) size of the M-protein; (2) 
type of paraprotein; (3) degree of plasma cell 
infiltration in bone marrow; (4) free-light-chain 
ratio in serum; and (5) flow-cytometric and 
cytogenetic characteristics.

Kyle et al. found that patients with a para-
protein level of 25 g/dl or higher had a risk of 
49% to develop multiple myeloma or related 
disorder (Kyle et al. 2002). This related to a 
14% risk of progression for patients with a 
paraprotein level lower than 5 g/dl. The rele-
vance of paraprotein concentration as a strong 
predictor for progression was confirmed in 
subsequent studies. The type of immunoglobu-
lin is relevant as IgM or IgA monoclonal pro-
tein is associated with a higher risk compared 
to IgG. The same group recently updated their 
recommendations and published relative risk 
according to the three risk factors M-Protein 
level, immunoglobulin subtype, and FLC ratio 
(Kyle et al. 2010) (Table 6.4). For IgA mono-
clonality this was shown earlier by Blade et al. 
(Blade et al. 1992). Regarding the bone mar-
row infiltration with plasma cells it was reported 
in 2002 that a percentage of more than 5% 
plasma cells in bone marrow is a risk factor for 
progression, but due to the introduction of the 
entity “smoldering myeloma” patient with 
more than 10% plasma cells in bone marrow 
are classified as smoldering myeloma  anyway 
(Cesana et al. 2002). Rajkumar et al. showed 
that an abnormal free-light-chain ratio in serum 
predicts for a higher risk of progression as well 
as the presence of aberrant plasma cells in bone 
marrow (assessed by flow cytometry) in com-
bination with their ploidity-status. Table 6.4 
summarizes the risk-stratification model to 
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predict progression of MGUS to multiple mye-
loma or related disorders.

6.4.2  
 Prognostic Factors for Progression of sMM

In the past 25 years, several authors have inves-
tigated risk factors for progression of sMM to 
myeloma. Initial publication contained “lytic 
bone lesions” as a strong risk factor but as 
nowadays osteolytic lesions are always consid-
ered a feature of symptomatic myeloma more 
recent publications excluded the group of 
asymptomatic patients with osteolyses from 
the analysis (Alexanian et al. 1988; Dimopoulos 
et al. 1993; Wisloff et al. 1991). Importantly, 
these publications already recognized addi-
tional risk factors that were confirmed 
 subsequently as degree of infiltration by bone 
marrow plasma cells, concentration of M-protein 
and concentration of Bence–Jones protei-
nuria. More recently this important question 
was reevaluated as described in the following 

 paragraph (Facon et al. 1995; Weber et al. 1997) 
(Table 6.5).

Kyle et al. investigated a cohort of 276 
patients with sMM and 163 patients (59%) 
developed symptomatic multiple myeloma or 
AL-amyloidosis during follow-up (Kyle et al. 
2007). For the first 5 years the risk of progres-
sion was 10% per year with approximately 3% 
per year for the next 5 years and 1% for the 
last 10 years of follow-up. The cumulative 
probability of progression into active multiple 
myeloma or AL-Amyloidosis was 51% at 
5 years, 66% at 10 years and 73% at 15 years. 
The median time to progression was 4.8 years. 
Of the patients developing progressive disease 
79% developed multiple myeloma. At diagno-
sis, significant risk factors for progression 
included the serum level and type of mono-
clonal protein, the presence of urinary light 
chains, the extent and pattern of bone marrow 
involvement and the reduction in uninvolved 
immunoglobulins. The concentration of serum 
monoclonal protein and percentage of plasma 
cells in bone marrow were the most important 

Risk group No. of patients Relative 
risk

Absolute risk of 
progression at 
20 years (%)

Absolute risk of 
progression at 20 years 
accounting for death as  
a competing risk (%)

Low-risk (serum M protein 
<1.5 gm/dl, IgG subtype, 
normal FLC ratio 
(0.26–1.65)

449 1 5 2

Low-intermediate-risk  
(any one factor abnormal)

420 5.4 21 10

High-intermediate-risk  
(any two factors abnormal)

226 10.1 37 18

High-risk (all three factors 
abnormal)

53 20.8 58 27

Table 6.4 Risk-stratification model to predict progression of monoclonal gammopathy of undetermined sig-
nificance to myeloma or related disorders (Kyle et al. 2010)

This table was originally published in Blood. Rajkumar et al. 2005 © The American Society of Hematology
MGUS monoclonal gammopathy of undetermined significance
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6

factors for progression. Therefore a predictive 
model with three groups was formed: group 1: 
BMPC <10%, M-Protein ³3 g/dl, group 2: 
BMPC >10%, M-protein <3 g/dl, group 3: 
BMPC >10%, M-Protein ³3 g/dl.

Subsequently, Dispenzieri described that the 
free-light-chain ratio is an independent addi-
tional risk factor for progression. Hemoglobin 
level, type of heavy chain and other factors were 
investigated as well but were not significant 
(Dispenzieri et al. 2008). Incorporating FLC 
ratio at a breakdown lower than 0.126 or higher 
than 8 resulted in an improvement of the prog-
nostic classification with an even more balanced 

distribution (Table 6.5). The low (0–1 risk factor), 
intermediate (two risk factors), and high (three 
risk factors) risk group showed a probability of 
progression at 5 years of follow-up of 25%, 
51%, and 71%, respectively (Table 6.5).

Rosinol et al. have confirmed in their study 
what is also clinical knowledge of many years 
and described that patients with progressive 
increase in the paraprotein (“evolving”: increase 
of the M-protein in two of the consecutive follow-
 up visits) have a significant worse prognosis with 
a time to progression of 1.3 years compared to 
3.9 years for the evolving and non-evolving 
types, respectively (Rosinol et al. 2003).

BJ Bence-Jones, MM multiple myeloma, BMPC bone marrow plasma cells, Hb hemoglobin, Ig immuno-
globulin, TTP time-to-progression, FL focal lesion as detected by MRI, Diff diffuse infiltration as detected 
by MRI

Study by Risk factors Risk group by factors

Low Intermediate High

Facon et al.  
(1995)

Hb <12 g/l; BMPC >20%; M protein 
>30 g/l (IgG); M protein >25 g/l (IgA) 
[median TTP in months]

0 [>50 mo] 1 2–3 [6 
mo]

Weber et al.  
(1997)

M protein >30 g/l; IgA M–protein type; 
proteinuria >50 mg/24 h [median TTP 
in months]

0 [72 mo] 1 [39 mo] 2–3 [17 mo]

Rosinol et al. 
(2003)

Non-evolving vs. evolving [median 
TTP in years]

0 [45 mo] – 1 [16 mo]

Kyle et al.  
(2007)

Low: M-Protein ³3 g/dl, BMPC <10%; 
Intermediate: <3 g/dl, BMPC >10%; 
High: ³3 g/dl, BMPC <10%; 
[cumulative probability of progression 
at 5 years]

[15%] [43%] [69%]

Dispenzieri et al. 
(2008)

FLC: <0.125 or >8; BMPC >10%; 
M-protein ³3 g/dl [cumulative 
probability of progression at 5 years]

1 [25%] 2 [51%] 3 [76%]

Perez-Persona 
et al. (2010)

³95% of BMPC with aberrant 
phenotype; decrease in ³1 uninvolved 
immunoglobulin [cumulative 
probability of progression at 5 years]

0 [4%] 1 [46%] 2 [72%]

Hillengass et al. 
(2010)

Whole body MRI focal lesion (FL) (0 
or 1 vs. >1 lesion) or diffuse MRI 
infiltration pattern [hazard ratio; 
median TTP]

0 (>43 mo, 
median not 
reached)

1 (HR: 4.05 
FL/3.14 Diff; 
14 mo)

Table 6.5 Milestone publications in the identification of factors for smoldering multiple myeloma associated 
with progression to symptomatic MM and risk groups
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There are several different areas of research 
that add to the established risk factors as 
described above.

6.4.2.1  
 Immunophenotyping and Immunoparesis

Perez-Persona et al. have shown that the pres-
ence of an aberrant phenotype defined as the 
over expression of CD56 and CD19 with CD45 
negativity and/or decreased CD38 reactivity in 
³95% of BMPC was a powerful predictor of 
early progression from sMM to active MM. The 
cumulative progression rate at 5 years was 64% 
versus 8% for the patients with ³95% of aber-
rant BMPC or <95%, respectively. In this study 
the detection of immunoparesis as the decrease 
in one or two uninvolved immunoglobulins was 
also identified as a significant prognostic factor 
in multivariate analysis. Based on these two 
factors a prognostic stratification of sMM could 
be performed in three groups with a cumulative 
probability of progression at 5 years of 4%, 
46%, and 72% when none, one, or two factors 
were present (Perez-Persona et al. 2010).

6.4.2.2  
 Role of Imaging in Prognostic Evaluation of sMM

Clinical studies investigating cross-section imag-
ing as low dose computed tomography of the 
skeletal system, whole body or spinal MRI, and 
positron emission tomography have delivered 
data that have either revealed organ complica-
tions which were not detected with conven-
tional staging procedures or revealed predictive 
(related to treatment indication) or prognostic 
relevance for symptomatic myeloma patients 
(Walker et al. 2007; Hillengass et al. 2010). 
Dimopolous et al. and Mariette et al. were 
among the first groups to describe the prog-
nostic implication of MRI of the spine in 
asymptomatic myeloma/stage I Durie/Salmon 

(Dimopoulos et al. 1993; Mariette et al. 1999). 
More recently our group confirmed and 
extended on these earlier findings in 149 
patients with asymptomatic multiple myeloma 
and found that 28% of patients with sMM had 
focal lesions (FL) typical for myeloma in whole 
body MRI. The presence of FL and more than 
one FL were strongest adverse prognostic fac-
tors for progression into MM in multivariate 
analysis. A diffuse infiltration pattern in MRI, a 
monoclonal protein of 40 g/l or greater, and 
bone marrow plasma cell infiltration of 20% or 
greater were other adverse prognostic factors 
for progression in univariate analysis.

It has been suggested to integrate MRI find-
ings into the staging of multiple myeloma and 
the so-called Durie/Salmon PLUS classifica-
tion was proposed (Table 6.6) (Baur et al. 
2002; Durie Hematol J 2003). However, fur-
ther prospective analysis of MRI is needed to 
find appropriate thresholds for the different 
stages of disease especially because rapid 
technical development leads to the possibility 
to perform total skeletal or whole body MRI. 
The imaging techniques and their application 
in multiple myeloma are also described in 
detail on page 133.

Multiple 
myeloma stages

IA One focal myeloma lesion
IB <5 focal lesion or mild diffuse 

infiltration
IIA/B 5–20 focal lesions or moderate 

diffuse infiltration
III/B >20 focal lesions or severe 

diffuse infiltration

Table 6.6 Durie/Salmon PLUS staging-system (Baur 
et al. 2002, Durie et al. 2003)

A serum creatinine <2.0 mg/dl, no extramedullary 
involvement
B serum creatinine >2.0 mg/dl, extramedullary  
involvement
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6 6.4.3  
 Genetic Risk Stratification

The risk stratification of patients according to 
GEP profiles is an aim for future clinical stud-
ies. As the costs for this analysis are expected to 
substantially decrease and the standardization 
has greatly improved it is possible that in 
5–10 years from now this technique will be 
available for routine work-up if prospective 
studies support the clinical value (Hose et al. 
2009; Zhan et al. 2002).

6.5  
 Etiology and Pathogenesis of MGUS  
and sMM and Considerations Regarding 
Primary Prevention

6.5.1  
 Population-Based Studies

An important tool to further investigate the 
 etiologic factors of MGUS and myeloma are 
population-based studies.

Large population-based prevalence studies 
were performed with the aim to assess the risk 
for MGUS and MM of relatives of patients with 
plasma cell-disorders. A study among Swedish 
residents showed that relatives of MGUS 
patients had increased risk for developing 
MGUS (RR = 2.8; 1.4–5.6), MM, lympho-plas-
mocytic lymphoma/Waldenström’s macroglob-
ulinemia and chronic lymphocytic leukemia. 
Vachon et al. confirmed, among residents of the 
Olmsted county, Minnesota, USA, that the risk 
of first-degree relatives from MGUS and MM 
patients to develop a plasma cell-disorder is 
increased by 2.6-fold. The prevalence of MGUS 
increased with age compared to patients from 
unaffected families starting with 1.6% in the 
age group of 40–49 up to 21% for the age group 
³81 years. Interestingly, the risk of MGUS or 
myeloma was seen among relatives of MM 

(RR, 2.0; 95% CI, 1.4–2.8) and MGUS patients 
(RR, 3.3; 95% CI, 2.1–4.8).

Genetic abnormalities were described that 
correlate with the risk of MGUS/MM: an 
analysis of germ line mutations in families 
with a high incidence showed that a mutation 
of CDKN2A increased the susceptibility for 
MM but also for melanoma and pancreatic 
cancer. Sandström et al. found in a family 
with congenital dyserythropoietic anemia 
type III an abnormal prevalence of MGUS 
and MM.

6.5.2  
 Concept of Chronic Antigenic Stimulation

Grass et al. recently demonstrated in sporadic 
and familial MGUS/MM that a frequent target 
of the paraprotein in MM and MGUS patients 
is a hyperphosphorylated form of paratarg-7, 
a protein with unknown function, which is 
expressed in all human tissues. Only sporadic 
or familial forms of myeloma with hyper-
phosphorylated paratarg-7 had a paratarg-7 
specific paraprotein (Grass et al. 2010; Grass 
et al. 2009; Preuss et al. 2009). This finding 
suggests that hyperphosphorylation of para-
targ-7 can cause autoimmunity and chronic 
antigenic stimulation leading to MGUS and 
multiple myeloma. Also Jego et al. have 
reported on mechanisms by which chronic 
antigen stimulation might contribute or lead 
to clonal proliferation (Jego et al. 2006). This 
research group demonstrated that an abnor-
mal response to antigenic stimulation medi-
ated by aberrant expression of Toll-like 
receptors and overexpression of interleukin 6 
(IL-6) receptors can be a survival factor for 
myeloma cell lines and primary human 
myeloma cells.

These and other reports support the hypoth-
esis that a proportion of MGUS and MM might 
arise from chronic (self) antigen stimulation. 
Removal of the antigen might therefore be one 
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strategy to counteract MGUS while another 
consideration is to abort the abnormal immune 
response (Rajkumar 2009).

6.5.3  
 Molecular Genetics and Cytogenetics

Interestingly two types of primary cytogenetic 
abnormalities are detected in the majority of 
MGUS patients: hyperdiploidy (in approxi-
mately 50% of patients) or immunoglobulin 
heavy chain (IgH) translocations (in approxi-
mately 50% of patients) (Fig. 6.2). Only in a 
small proportion of MGUS patients hypodip-
loidy or no specific cytogenetic abnormality 
is found (Brousseau et al. 2007; Ross et al. 
2010).

In the group of “IHT (IgH-translocation)-
MGUS” IgH translocation commonly involve 

recurrent partner chromosome loci: 4p16.3 
(FGF-R3 and MMSET), 6p21 [CCND3 (cyclin 
D3 gene)], 11q13 [CCND1 (cyclin D1)], 16q23 
(c-maf) and 2bq11 (mafB) (Chng et al. 2007). 
Therefore at least six MGUS subentities: hyper-
diploidy and the five most common primary 
IgH translocations have to be distinguished and 
considered for future primary intervention stud-
ies (Rajkumar 2009). It is likely that age, racial 
disparities, and environmental influences will 
have different impact on the various MGUS 
forms; therefore, future studies will need to 
examine the cytogenetic types separately. 
Importantly, cytogenetic abnormalities in 
MGUS do not necessarily have the same prog-
nostic implications as the same translocation or 
abnormality in myeloma patients. Recently 
Ross and colleagues investigated cytogenetic 
abnormalities involving the MAF pathway in 
2,207 patients with plasma cell dyscrasias 

Myeloma

MGUS

Normal cell

Primary
prevention

Secondary
prevention

Treatment
of myeloma

Abnormal response to
antigenic stimulation

MGUS to MMNormal to MGUS 

Cumulative damage Progression related aberrations-hit dependent conversion

Primary cytogenetic
abnormalities

IgH translocation
at 14q32
(ca. 50% of MGUS)

Hyperdiploidy
(ca. 50% of MGUS)

Progressive events
Ras mutations
Secondary translocations
p16 methylation
Myc abnormalities
Increased angiogenesis
Increased bone resorption

Fig. 6.2 Model of cytogenetic and molecular changes during progression of plasma cell disease
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6 including 148 patients with sMM and 193 
patients with MGUS. None of the investigated 
abnormalities (t14; 20) and t14; 16] predicted 
for a higher risk for progression (Ross et al. 
2010).

From the above mentioned analysis and review 
age, hormonal factors, family history, immuno-
suppression, and exposure to cer tain pesticides 
have to be considered as risk  factors for the 
development of MGUS and sMM.

6.5.4  
 Concepts for Secondary Prevention of Progression 
to Multiple Myeloma and Other Lymphoproliferative 
Diseases

Whereas the initiation of MGUS follows a 
cumulative damage model, the molecular 
pathogenesis leading from MGUS to MM has 
been a somewhat controversial topic. Research 
of several groups has demonstrated that over-
expression or aberrant expression of cyclin-
dependent kinases are hallmarks of plasma cell 
disease (Bergsagel and Kuehl 2003; Hose 
2010). 

Importantly, MGUS and sMM clonal plasma 
cells often harbor cytogenetic aberrations that 
are present in symptomatic myeloma as well 
(Magrangeas et al. 2005). Later during disease 
progression in MM additional cytogenetic and 
molecular changes occur (Cremer 2005) (Fig 
6.2). It is currently undoubted that later molecu-
lar and genetic changes contribute to more 
aggressive multiple myeloma or increased resis-
tance to therapy but it is not confirmed that addi-
tional molecular changes are a  prerequisite for a 
transition from MGUS to myeloma (for details 
regarding molecular pathogenesis please see 
chapter 3). Many lines of evidence point to the 
concept that transition from MGUS to myeloma 
in the majority of patients could be the result of 
a progressive accumulation of plasma cells in 
the bone marrow with a consecutive remodeling 

of the bone marrow microenvironment includ-
ing activation of osteoclasts. 

Final confirmation of the time dependent “accu-
mulation” model or the “second genetic hit” 
model could come from genome wide screening 
for myeloma specific mutations. 

Several potentially pathogenetic genetic abnor-
malities have been described as “second hits”: 
ras, p53, myc mutations, p16 methylation, and 
secondary translocations. The described genetic 
changes not only change the metabolism of the 
affected plasma cell clone but as a consequence 
induce paracrine loops involving IL-6 and other 
growth factors and a remodeling of the bone 
marrow microenvironment. The consequences 
including the increase of bone marrow angio-
genesis are described in more detail in Chap. 4. 
The main regulator of IL-6 signaling in myeloma 
is the transducer and activator of transcription-3 
(STAT3) (Bharti et al. 2004). Although an 
emerging ability of clonal plasma cells to induce 
osteolytic bone disease belongs to the stepwise 
process of malignancy. An increase in receptor 
activator of nuclear factor kB ligand (RANKL)-
expression by osteoblasts (and possibly plasma 
cells) accompanied by reduction of its decoy 
receptor, osteoprotegerin are relevant (Roodman 
2002). In addition, it was shown that increased 
levels of MIP-1a (macrophage inflammatory 
protein), IL-3, and IL-6 result in osteoclast acti-
vation (Lee et al. 2004; Tsubaki et al. 2007). The  
result of these changes and in particular the 
increase in the RANKL/OPG ratio leads to 
osteoclast maturation, activation, and increased 
bone resorption.

6.5.5  
 Summary of Clinical Studies to Halt Progression

To interfere with the progression of early 
asymptomatic plasma cell-disease MGUS and 
sMM have attracted a lot of interest and the 
 evidence is summarized herein.
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6.5.5.1  
 Bisphosphonates

The use of bisphosphonates in patients with 
MGUS but reduced bone density as determined 
by DXA scan was addressed in two clinical 
studies. Both studies could demonstrate that 
anti-resorptive therapy with intravenous zole-
dronate or oral alendronate improved the bone 
density. Neither study was powered to investi-
gate fracture risk. Therefore, the use of bispho-
sphonates is finally an individual decision that 
can be justified in this situation.

Preclinical evidence of an anti-myeloma 
activity of bisphosphonates has led to clinical 
observations indicative of down-modulation of 
myeloma activity by bisphosphonate treatment 
(Corso et al. 2005). There are case reports 
describing a significant reduction of monoclonal 
protein in three patients with sMM (Dhodapkar 
et al. 1998). However, reduction of M-protein 
cannot be seen as regular response to bis-
phosphonates as a Spanish study investigating 
12 patients with sMM treated with single agent 
pamidronate did not find any decrease in the 
M-protein level but could confirm a positive 
effect on bone formation (Martin et al. 2002). A 
large randomized Italian study showed a signifi-
cantly reduced number of skeletal events but no 
prolongation of TTP or overall survival (Musto 
et al. 2003). While the potential toxicities of bis-
phosphonates as for example renal complica-
tions or osteonecrosis of the jaw have to be taken 
into consideration, treatment with bisphospho-
nates could be of benefit for patients with early 
bone disease such as MM-related osteopenia.

6.5.5.2  
 Alkylating Agents and Corticosteroids

Hjorth et al. performed a randomized study for 
sMM patients comparing immediate therapy 
with MP (melphalan/prednisone) versus obser-

vation until progression in a series of 50 patients 
(Hjorth et al. 1993, 1990; Hjorth et al. 1990). 
For the 25 patients allocated to the observation 
group the median time to progression was 
12 months. The response rate to therapy in 
patient treated at diagnosis was similar to that of 
those who were observed initially and received 
therapy at the time of progression to active 
myeloma (52% vs. 55%). There was no signifi-
cant difference in time to response or overall 
survival between the groups. Similar results 
were obtained in the studies by Grignani et al. 
and Riccardi et al. (Riccardi et al. 2000; Grignani 
et al. 1996).

6.5.5.3  
 Thalidomide

Up to now three studies have evaluated a poten-
tial role of Thalidomide in sMM. In a clinical 
phase II study with 29 patients initiated by 
Rajkumar et al., the rate of PR/CR was 34% and 
if minor responses were considered the ORR 
was 66% (Rajkumar et al. 2001, 2003). Three 
patients had progression while on treatment and 
the Kaplan–Meier estimates of progression-free 
survival were 80% at 1 year and 63% at 2 years 
follow-up. Similar results were reported by 
Weber et al. (Weber et al. 2003).

Recently Barlogie reported on the results of 
a study involving 76 sMM patients treated at an 
initial dose of 200 mg thalidomide per day. At 
4 years of enrollment the ³PR rate was 42% 
with a median time to response of 1–2 years. 
The median time to progression was 7 years 
(Barlogie et al. 2008). In all studies the thalido-
mide specific adverse events profile in particu-
lar the peripheral neuropathy was detected. All 
authors confirmed that Thalidomide can pro-
long the time-to-progression (TTP) but a  clinical 
recommendation can only be made if a clinical 
benefit is confirmed in phase III  randomized 
studies.
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6 Based on the encouraging results regarding 
Thalidomide a Spanish group of investi gators 
has started a phase III study comparing 
Lenalidomide/Dexamethasone (len/dex vs. 
obser vation) in high risk sMM patients. A simi-
lar study comparing Lenalidomide single agents 
with observation will be started by the ECOG 
(eastern cooperative oncology group). In addi-
tion, clinical studies using cyclooxygenase-2 
inhibitors are currently underway.

6.5.5.4  
 Immunotherapy and Interference 
with Cytokine Network

Immunotherapy for MGUS/sMM has also 
raised interest as the immune system is intact 
for the majority of patients as a prerequisite to 
elicit an immune response against the plasma 
cell clone (Goodyear et al. 2008, 2005).

However, regarding the discouraging results 
for immunotherapy in patients with MM due to 
an impaired immune system and a large amount 
of malignant cells, patients with an early-stage 
plasma cell-disease might benefit from antitu-
mor vaccination therapies before the MM-clone 
arises.

Hansson et al. vaccinated 28 patients with 
sMM (MM stage I/II) with autologous parapro-
tein combined with IL-12 or GM-CSF as adju-
vants and were able to induce idiotype specific 
T-cell responses in a high proportion of patients 
(Hansson et al. 2007). This indicates that immu-
notherapy might be a promising approach to 
avoid a progression into MM. Furthermore, com-
bination of vaccine strategies with immunomod-
ulatory drugs as Thalidomide or Lenali domide 
need to be considered as well to enhance the 
therapeutic effect of a specific immunotherapy.

A very interesting study was recently pub-
lished by Lust et al., which was based on the ear-
lier observation that serum levels of Interleukin-1 
beta (IL1-beta) constitute a marker of progres-
sion in asymptomatic monoclonal gammopathies 

(Lust et al. 2009). In this trial, 47 patients with 
sMM were treated in this phase II study with an 
IL1-RA or observation. For patients with a sub-
maximum IL6 suppression by IL1-RA alone dex-
amethasone was added to the therapy (53%). The 
median PFS for patients with a greater than 15% 
decrease in the 6-month high-sensitivity (hsCRP) 
level was 3 years (n = 35) compared to 6 months 
for the group without change (n = 10). In seven 
patients a decrease in plasma cell-labeling index 
paralleled the reduction in the hsCRP level. 
Further studies are therefore necessary to investi-
gate this approach.

6.5.5.5  
 Summary and Brief Outlook Regarding Clinical Studies

Based on the improved knowledge about MGUS/
sMM pathogenesis, the availability of novel 
agents and a better risk stratification concept, 
experts worldwide are currently reconsidering 
the concept of early therapeutic intervention.

The use of bisphosphonates for patients with 
decreased bone density on DXA scan is already 
an accepted approach. Furthermore therapeutic 
interventions with chemotherapeutic agents 
have not been successful to prevent progression 
or prolong OS survival of patients and therefore 
are in general not recommended. Ongoing and 
future studies will focus on patients at higher 
risk of progression including those patients for 
which evidence of progression becomes obvi-
ous because of consistently raising monoclonal 
protein level (“evolving type”).

6.6  
 Summary and Conclusions

MGUS and sMM are the most prevalent prema-
lignant conditions in worldwide population. 
Active myeloma for nearly all patients is pre-
ceded by MGUS/sMM. This observation as 
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well as molecular and cytogenetic research 
 support the two-hit genetic model of myeloma 
development starting with hyperdiploidy or IgH 
translocation followed by additional genetic 
alterations as ras, myc, or p53 mutations. 
Overall six or more subcategories can be defined 
based on genetic information in MGUS and 
sMM, although currently not relevant for clini-
cal decision making.

Standard procedures for the diagnostic eval-
uation of MGUS are conventional X-ray tech-
niques to assess impairment of the bone system, 
laboratory assessment in combination with bone 
marrow investigation to evaluate the influence 
on the hematopoietic system, and bone marrow 
involvement as well as renal function analysis. 
In addition, an MRI of spine and pelvis is rec-
ommended. Applying the results of these inves-
tigations to the IMWG staging system introduced 
in 2003 will lead to a distinction between 
MGUS, asymptomatic myeloma, and symp-
tomatic myeloma based on the tumor mass and 
the presence or absence of end organ damage. 
For patients in whom categorization and indica-
tion for systemic therapy is unclear additional 
investigations as modern cross-section imaging 
can be helpful. In addition, symptoms as poly-
neuropathy and hyperviscosity may be the only 
symptoms of MM and may lead to a decision to 
start therapy in the absence of other myeloma 
related symptoms or organ damage.

Prognostic categorization of MGUS and 
sMM is considered important as high risk 
MGUS and sMM patients should be followed 
more frequently and might be candidates for 
early intervention clinical studies. Most impor-
tant risk factors for MGUS are: BMPC >5%, 
M-Protein ³1.5 g/dl, and abnormal FLC ratio. 
For sMM risk factors are: BMPC >10%, 
M-Protein >3 g/dl, and FLC <0.125/>8. Additional 
risk factors can be derived from quantification 
of BMPC with aberrant phenotype, analysis of 
decrease in uninvolved immunoglobulins, and 
follow-up information related to increase in 
tumor mass (“evolving course”).

No primary prevention strategy is currently 
available for prevention of MGUS and sMM. 
The use of bisphosphonates for MGUS/sMM 
patients with decreased bone density on DXA 
scan is accepted. Interventional studies apply-
ing novel agents for secondary prophylaxis in 
MGUS and SMM focusing on the high risk 
patients are currently under way.
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Imaging in Multiple Myeloma
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Abstract In multiple myeloma, imaging is 
required to determine the stage of disease and to 
anticipate impending bone fractures. Whereas 
the traditionally used Durie and Salmon staging 
system includes lytic bone lesions in plain films 
as criteria, modern systems include MRI findings. 
MRI is most sensitive to both diffuse bone mar-
row involvement as well as solid plasma cell 
tumors. Whole-body low-dose CT (WBCT) may 
replace plain films in the near future, since it is 
quicker, more sensitive, and is better tolerated by 
patients. Intramedullary lesions are well seen as 
long as they are located in long bones where they 
are surrounded by fat. Diffuse bone marrow infil-
tration as well as intravertebral lesions, however, 
are difficult to detect with WBCT in the absence 
of frank destruction of cancellous bone. PET or 
PET-CT with 18-fluoro-deoxyglucose (FDG) are 
insensitive to diffuse bone marrow infiltration, 
but may help to assess treatment response in soli-
tary or multiple solid plasma cell tumors which 
have a high FDG uptake before treatment.

7.1  
 Introduction

Multiple myeloma is a low-grade non- Hodgkin’s 
B-cell lymphoma which is characterized by a pro-
liferation of monoclonal, malignant plasma cells. 
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7 It is a disease which usually originates in the bone 
marrow, and eventually extends into soft tissue or 
spreads into the peripheral blood (plasma cell leu-
kemia). The main effects and causes of pain and 
disability are replacement of hematopoietic bone 
marrow (leading to anemia, leucopenia, and 
thrombocytopenia, and their sequelae), osteopo-
rosis and bone destruction (leading to fractures 
and pain), renal damage by paraproteins, and sys-
temic amyloidosis. The treatment consists of che-
motherapy (often high-dose with stem cell 
rescue), thalidomide and its derivates, proteasome 
inhibitors, and bisphosphonates. Radiotherapy is 
used for local manifestations which are particu-
larly painful, or where complications are immi-
nent. Surgical stabilizations also have an important 
role for local disease. Vertebroplasty or kyphop-
lasty are used to prevent progressive vertebral 
collapse, and to treat pain. To date, however, 
there is no definite cure.

The term “plasmacytoma” denotes solitary 
plasma cell tumors without evidence of systemic 
spread – which has to be excluded by serum and 
bone marrow samples as well as imaging studies. 
They may also primarily arise outside the bone 
and are then termed “extraosseous  soft-tissue 
myeloma.” As a rule, soft-tissue involvement – 
either primary or secondary (by extension from a 
bone lesion) – indicates a dismal prognosis.

Monoclonal gammopathy of unclear signif-
icance (MGUS) has to be discriminated to 
overt multiple myeloma. Its criteria are a 
M-protein in serum <30 g/l, bone marrow 
plasma cells <10%, no evidence of any other 
B-cell proliferative disorders and no related 
organ or tissue impairment, such as renal dam-
age or bone lesions (International myeloma 
working group 2003).

Multiple myeloma causes a wide variety of 
symptoms and complications, fractures and 
destruction of bones being the most painful and 
disabling ones. In osteoporotic bones, typically 
in the spine, fractures may occur with minimal 
trauma – or at least trauma insufficient to cause 
fracture in a normal bone. Fractures of tubular 

bones, whose stability relies mainly on cortical, 
not cancellous bone, are most commonly caused 
by focal solid myeloma nodules which erode 
the cortex from inside outward. Therefore, the 
radiologist is required to anticipate impending 
fractures and initiate referral for surgical stabili-
zation or vertebroplasty. Furthermore, the pres-
ence or absence of focal destructions is an 
important criterion for initial staging (e.g., using 
the Durie and Salmon staging system) and for 
follow-up. Until today, the x-ray skeletal survey 
is standard for screening the skeleton for osteo-
porosis and bone destruction. Not surprisingly, 
whole-body CT is superior to plain x-ray films 
for finding focal bone destructions (Mahnken 
et al. 2002), and MRI is even more sensitive 
(Baur-Melnyk et al. 2008), particularly in the 
vertebral bone marrow, to show diffuse or focal 
involvement which has not or not yet caused 
destruction of mineralized bone.

7.2  
 Imaging Methods

7.2.1  
 Morphologic Imaging

We term plain x-ray, CT, and MRI “morphologi-
cal” imaging techniques, as opposed to func-
tional ones which measure microcirculation, 
diffusion, or metabolic processes. A plain x-ray 
skeletal survey is standard for staging and fol-
low-up of bone involvement by multiple 
myeloma, and consists of a frontal and lateral 
view of the skull, the cervical, thoracic, and 
lumbar spine, a coned-down frontal image of the 
dens axis, as well as frontal views of the rib 
cage, humeri, femora, knees, and pelvis. The 
hallmark of neoplastic bone involvement is 
osteoporosis or focal destruction. CT, or whole-
body CT (which requires state-of-the-art multi-
detector scanners) is reasonable alternative to 
x-ray films, for many reasons. Since the intrinsic 
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contrast is high, the tube current can be low-
ered significantly (i.e., to 50–100 mAs, depend-
ing on the weight of the patient), resulting in an 
effective equivalent dose in the same range as 
that of a skeletal survey (4–5 mSv). The entire 
examination takes around 1 or 2 min, the patient 
lying comfortably on his or her back. Note that 
the varied positions required for x-ray films are 
painful and tiring for patients who are often 
elderly and disabled due to previous  fractures. 
Iodine-containing contrast agents are contrain-
dicated for patients with Bence-Jones proteinu-
ria because of the risk of cast nephropathy and 
renal failure, and actually they are not needed 
for skeletal CT. Focal bone destruction is more 
easily seen than on plain films, and also easier to 
discriminate from normal sparing in trabecular 
bone, which will have fat and not soft-tissue 
density. Diffuse bone marrow involve ment within 
preserved spongious bone, however, is difficult 
to detect with CT and better seen with MRI.

MRI of the spine, or whole-body MRI, is to 
date the most sensitive method for detecting 
 diffuse and focal multiple myeloma in the spine 
as well as the extra-axial skeleton. Sequences 
commonly used are unenhanced and contrast-
enhanced T1-weighted spin-echo sequences 
and T2-weighted sequences with fat suppres-
sion, either by spectral pre-saturation, or using 
STIR (short tau inversion recovery) techniques. 
If scanners with whole-body capabilities are 
available, the examination should include the 
entire skeleton, since most patients have axial 
as well as extra-axial bone lesions. If not, at 
least the spine should be scanned with MRI, 
because of the insensitivity of CT and plain 
x-ray films to intravertebral myeloma.

7.2.2  
 Functional Imaging

All of the above methods show the extent of 
tumor (or more specifically its damage to min-
eralized bone) but not its activity or viability, 

and have limitations when assessing treatment 
response or early progression. Patients with 
monoclonal gammopathy of unclear signifi-
cance constitute a particular problem, because 
they have no measurable lesion at all which 
could be followed over time to anticipate pro-
gression. Functional imaging methods therefore 
measure microcirculation, diffusion of intersti-
tial water molecules or glucose uptake as sur-
rogates for tumor viability, and aggressiveness.

7.2.2.1  
 Dynamic Contrast-Enhanced MRI (DCE MRI)

The term DCE MRI denotes repeat scanning 
with high temporal resolution before, during, 
and after intravenous infusion of a Gadolinium-
containing contrast agent, using fast T1-weighted 
sequences. The change in signal intensity (which 
depends on the concentration of contrast agent) 
over time in a given region is a function of local 
perfusion, relative blood volume, capillary sur-
face exchange area, vessel permeability, and 
systemic elimination. To quantitatively describe 
such time-concentration curves, pharmacoki-
netic models are used, but the interpretation of 
parameters derived in this way with respect to 
pathophysiological processes has to be made 
with great caution. The parameter which is easi-
est to interpret is the maximal relative rise in 
intensity, since this is chiefly determined by the 
local, regional blood volume.

7.2.2.2  
 Diffusion-Weighted Imaging (DWI)

The freedom of interstitial water molecules to 
move depends on many factors, but cell density 
or the presence of organized structures (e.g., 
fibers) are of high influence. Studies, e.g., in 
brain tumors have shown that the diffusion is 
impaired within tumors, and that a decrease 
of diffusion may herald progression. Effective 
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7 treatment may cause a transient decrease in diffu-
sion, owing to toxic cell swelling, but thereafter, 
as the cellular load is reduced, diffusion increases 
significantly. DWI uses opposing phase gradients 
switched shortly after each other, which causes 
rephasing and thereby regain of signal in station-
ary water, but a signal loss in moving molecules. 
Within a certain range, such signal loss can be 
mainly attributed to diffusion rather than blood 
flow, and using varying gradient strengths and 
durations, the apparent diffusion coefficient 
(ADC) can be calculated. The experiences with 
multiple myeloma are still limited, and due to the 
presence of trabeculae, the conditions are more 
difficult than in the brain. However, it can be 
shown that a low ADC in fractured vertebrae 
indicates local tumor infiltration as a cause rather 
than osteoporosis. It is still unclear whether DWI 
may serve as a tool to monitor treatment or pro-
gression. Bone marrow in myeloma patients con-
tains several components which may influence 
diffusion processes separately, such as hema-
topoietic cells, fatty marrow, and plasmacellular 
infiltrates, and it is unclear how changes in 
its composition will influence diffusion. Solid 
myeloma nodules will probably be more easily 
assessed since they lack hematopoietic and fatty 
components (Mulkern and Schwartz 2003).

7.2.2.3  
 Bone Scintigraphy and Positron Emission  
Tomography (PET)

Bone scintigraphy, using 99 m Tc-labeled bispho-
sphonates, is insensitive to diffuse or focal 
myeloma because there is no increased osteoblas-
tic activity – unlike bone metastases from most 
other solid tumors. PET with 18-F-deoxyglucose 
(FDG) detects tumors according to their glu-
cose demand, the glucose transport molecules 
expressed in the cell membrane, the local cell 
density, and the metabolic activity of the sur-
rounding tissue. As a rule, multiple myeloma has 
a rather low metabolic activity, and is hardly 

detected when only a diffuse bone marrow 
involvement is present – simply because the local 
cell density is too low. Whenever myeloma is 
detected on PET scans – this is often the case in 
solid myeloma nodules – the standardized uptake 
value is a good parameter to monitor response, 
since after chemotherapy, the drop in glucose 
uptake clearly precedes the morphologically 
 measurable response.

7.3  
 Radiological–Pathological Correlation

Three patterns of spread of multiple myeloma 
are relevant for imaging: diffuse bone marrow 
involvement, focal bone destructions by solid 
tumor nodules, and extraosseous manifesta-
tions. In diffuse bone marrow involvement, 
generalized or partial, hematopoietic and fatty 
marrow and plasmacellular infiltrates are found 
besides each other. In the beginning fat cell con-
tent might be even increased and hematopoiesis 
is still normal. As malignant plasma cells 
increase in number, they gradually replace 
 normal marrow. Thus, there is a shift with an 
increase of cellular, and a decrease of fatty com-
ponents. This process takes place within a pre-
served cancellous bone, which only gradually 
becomes eroded. Very typically, osteoporosis 
triggered by multiple myeloma progresses more 
rapidly than other forms, particularly senile or 
postmenopausal ones. Degradation of bone is 
mediated via osteoclast-activating factors (typi-
cally RANK-Ligand, Interleukin-2 and TNF) 
and amounts to frank focal destructions, where 
solid tumor nodules are present which contain 
almost no bony remnants. Such nodules contain 
malignant plasma cells and some tumor stroma, 
but neither hematopoietic fatty nor osseous 
components, and behave like any destructively 
growing solid tumor. Obviously, the loss of 
 stability is much more severe than with diffuse 
bone marrow infiltration where the cancellous 
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bone is at least partly preserved. Any destruc-
tion of cortical bone is by definition due to solid 
myeloma nodules.

Diffuse and focal bone involvement are com-
monly seen besides each other. Focal nodules 
may eventually extend beyond the confines of the 
bone and invade adjacent tissue, where they can 
cause symptoms like any other solid malignant 
tumor. Although the commonest cause of soft-
tissue involvement is the extension of a  primary 
bone lesion into adjacent tissue but  primary soft-
tissue lesions are also observed. Their pattern of 

spread does not usually follow the pathways 
commonly seen in carcinomas, but is often rather 
“atypical”, like in melanoma or non-epithelial 
neoplasms (Zechmann et al. 2007).

By their nature, x-ray films only show the 
effects of myeloma on mineralized bone, namely, 
osteoporosis (Fig. 7.1a, b) and focal destructions 
(Fig. 7.2). The criteria of osteoporosis are the 
same as those used for postmenopausal or idio-
pathic forms, and it is the axial skeleton which is 
mainly involved. Rapid progression and an 
inhomogeneous, coarse and streaky appearance 

a b c

Fig. 7.1 Lateral (a) and frontal (b) lumbar spine 
x-ray films in a patient with multiple myeloma. 
Corresponding sagittal reconstruction from whole-
body low-dose computed CT (WBCT) (c), sagittal 
T1-weighted (d) and fat-suppressed T2-weighted 
(e) MRI slices. Signs of osteoporosis are visible on 
the plain films as well as the reconstructed WBCT 
slices. There is a focal destruction in the third 
lumbar vertebra (arrows) which is visible on WBCT 
(c), and which corresponds to an area of low signal 
intensity in T1-weighted (d), and a slightly elevated 

signal intensity on fat-suppressed T2-weighted 
images (e). Without fat suppression, this area 
appears hypointense, due to the relatively high 
signal intensity of the surrounding. On the plain 
films, however (a, b), the corresponding region 
(arrows) appears innocent, and is also difficult to 
assess due to superimposition of bowel gas. The 
T1-weighted MRI also shows signs of diffuse bone 
marrow involvement, with a “salt-and-pepper” 
appearance in the not fat-suppressed T1- and 
T2-weighted images (d)
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a b

Fig. 7.2 Frontal (a) and lateral (b) x-ray of the femur showing multiple erosions (arrows) of the cortical 
bone, arising from the medullary space (“scalloping”)

Fig. 7.1 (continued) d e
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of the vertebral spongiosa are signs which may 
raise suspicion of a neoplastic cause in patients 
with osteoporosis, and so will osteoporosis in 
the young and in males. Otherwise only focal 
destructions will point more specifically at the 
true underlying cause. Notably, the presence of 
osteoporosis in patients with known plasma 
cell disorders does not prove a causal relation-
ship. Due to its severity and rapid progression, 
osteoporosis due to myeloma frequently causes 
vertebral compression fractures, which are most 
often diagnosed on radiographs, but whose 
impact on stability should be assessed on CT.

Focal areas of destruction are by definition 
always due to solid myeloma nodules, which 
arise in the cancellous bone but then erode the 
cortical bone from the inside, causing the typical 
“scalloped” appearance (Fig. 7.2). In the skull, 
this occurs early, resulting in multiple, sharply 
delineated osteolytic lesions. As a rule, areas of 
focal, lytic bone destruction are more easily seen 
in cortical than in cancellous bone, because of 
the contrast between the defect and its surround-
ing. Areas of destruction inside the spongiosa of 
the vertebral bodies are almost invisible on 
radiographs (Fig. 7.1a, b), and the superimposi-
tion of soft tissue, air, or ribs makes the assess-
ment even more difficult. In one study, half of 
the cases proven to have vertebral involvement 
on MRI were negative on x-ray films (Baur et al. 
1996). Locations where trabeculae are “physio-
logically” rarefied, e.g., in the femoral neck, and 
which are common in the elderly, may be mis-
taken for lytic lesions. CT showing fatty density 
and MRI can rule out infiltration by myeloma.

Like x-ray films, computed tomography (CT) 
mainly shows alterations to mineralized bone, 
but there are no problems with superimposition. 
Pure bone marrow infiltrates may also be seen if 
they lie within fatty marrow, but are hardly vis-
ible in vertebral bodies (Fig. 7.3e), unless they 
are very osteoporotic. Furthermore, osteolytic 
areas in cancellous bone, which are occult to 

plain films, are easily detected. CT is the gold 
standard to assess the stability of bone and 
should be performed prior to vertebroplasty to 
ensure that the cortex is intact and the vertebral 
body will retain the injected material.

In magnetic resonance imaging (MRI), the 
signal intensity of the spinal bone marrow on 
both T1- and T2-weighted images depends on 
the relation of fatty and cellular components, 
cellular ones being either hematopoietic marrow 
or plasmacellular infiltrates. In adults in the axial 
skeleton hematopoietic “red” marrow is present. 
In the periphery “yellow” fatty marrow is pres-
ent. With age the fatty components within 
red marrow (usually 40–50%) increases. Typi-
cally, the vertebral bodies are T1-hyperintense 
(i.e., brighter than the intervertebral disk) and 
hypointense on fat-suppressed T2-weighted 
images (darker than normal disks). An increase 
in the cellular and decrease of the fatty compo-
nent in the bone marrow will cause a decrease in 
T1 and an increase in signal on STIR images 
(Wasser et al. 2005). The best combination of 
sequences for imaging myeloma is a combina-
tion of T1-w SE and fat-suppressed sequences, 
e.g., STIR (Baur et al. 1998).

On T1- and T2-weighted images without fat 
suppression, one may also see a “salt-and-pep-
per” pattern, which is a mixture of small hypoin-
tense and hyperintense spots (Fig. 7.1d). This 
reflects an inhomogeneous composition of bone 
marrow with fatty islands and low-grade inter-
stitial infiltration by myeloma cells. Those 
patients are usually stage I disease and do not 
require any treatment. Beware of pitfalls like 
young individuals with a high amount of 
hematopoiesis (thus low signal on T1-w SE 
images), or patients pre-treated with chemother-
apy and possibly growth factors, in whom bone 
marrow reconversion may cause grossly mis-
leading findings on MRI.

Since multiple myeloma is angiogenic, 
involved bone marrow shows enhancement on 
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Fig. 7.3 Coronal reconstructions in WBCT over the 
long bones (a, b), frontal (c) and lateral (d) cervical 
x-ray films, sagittal WBCT reconstruction over the 
spine (e), and sagittal T2-weighted, fat-suppressed 
MRI (f) of the cervical spine in a patient with multiple 
myeloma. The long bones show no focal destructions. 
Note the low density in the CT of the medullary 
spaces of the long bones where any solid, intra-
medullary nodule would be frankly visible. The plain 
films of the cervical spine appear normal, and the 

sagittal reconstruction of WBCT shows osteoporosis, 
a fracture of the ninth thoracic vertebra, but no focal 
areas of destruction inside the vertebral bodies. The 
cervical MRI, however shows focal T2 hyperintense 
areas in the fourth and fifth cervical vertebra, along 
with disseminated tiny areas of signal elevation in 
all other vertebral bodies and spinous processes, 
typical of myeloma infiltration, and invisible with 
both plain x-rays and CT
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fat-suppressed, contrast-enhanced T1-weighted 
images. The strength of enhancement has been 
histologically proven to depend on the degree of 
infiltration by myeloma cells, and also on vessel 
density (Baur et al. 2004; Nosas-Garcia 2004; 
Nosas-Garcia et al. 2005). Therefore, contrast-
enhanced MRI may be used whenever unen-
hanced T1w or STIR images are inconclusive. 
Again, there is some age-dependence, but as a 
rule a signal increase by 40% or more is deemed 
pathological (Baur et al. 2004). Dynamic con-
trast-enhanced MRI may be used to better assess 
the kinetics of contrast enhancement (Fig. 7.4).

Solid myeloma nodules are homogeneously 
T1-hypointense and hyperintense on fat-sup-
pressed images and show a strong enhancement 
on post-contrast images (Fig. 7.5). A breech of 
the cortical bone is easy to see, as the signal-free 
bone contour is interrupted, and the tumor 

extends beyond it. The distinction between dif-
fuse and micronodular patterns is not sharp, and 
thus such discrimination is somewhat academic. 
In every area of bone destruction caused by 
myeloma a corresponding myeloma nodule 
should be found on MRI. A possible exception 
is the case of collapsed vertebrae in which com-
pressed bone and reactive changes may cause 
the diagnosis to be difficult.

In positron emission tomography (PET or PET/
CT, respectively), solid myeloma nodules have an 
increased uptake of 18 F-deoxyglucose (FDG), 
but their conspicuousness depends on the uptake 
of the surrounding tissue. The sensitivity of 
FDG-PET in vertebral bone marrow depends on 
the infiltration degree: in 30% of cases positive 
on MRI, PET was false negative, most fre-
quently in diffuse infiltration patterns (Zamagni 
et al. 2007). It is more sensitive than the x-ray 
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Fig. 7.4 Parameter maps from dynamic contrast-
enhanced MRI (DCE MRI) (a) in a patient with 
multiple myeloma, showing diffuse and rather 
homogeneous contrast enhancement. A time-intensity 

curve obtained from these vertebrae (b) shows an 
early but nevertheless gradual rise in intensity during 
the first two minutes, followed by a “wash-out”
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skeletal survey (Zamagni et al. 2007), but less 
sensitive than multidetector-CT (Hur et al. 
2007). However, PET-CT is better, since new 
MDCT scanners allow for high resolution of 
bone in addition to FDG uptake as a marker for 
avid tumor tissue. Thereby PET-CT may play 
an increasing role for evaluation of success of 
therapy (Bredella et al. 2005).

Nevertheless, PET for staging and risk assess-
ment is favored over MRI in the Anglo-American 
world, the rationale being that those myeloma 
foci which are clinically and prognostically rel-
evant will also be positive on PET (Durie 2006; 
Durie et al. 2002). In Germany, conversely, PET 
is hardly used for multiple myeloma, since it has 
been almost generally excluded from reimburse-
ment by the legal insurers.

7.4  
 Differential Diagnosis

Metastases due to solid tumors are far more 
common than is multiple myeloma, and they 
may be difficult to discriminate (Ooi et al. 2006). 
Features in favor of multiple myeloma are:

Osteolytic lesions in the convexity of the • 
skull and the diaphysis of long bones
Nonreactive, sharply delineated, lytic lesions• 
Scalloping (half-moon shaped erosions of • 
cortical bone from its inward surface)
Marked osteoporosis• 
Negative bone scan or “cold lesions”• 
No primary tumor as a possible cause of • 
bone metastases
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Fig. 7.5 Parameter maps from dynamic contrast-
enhanced MRI (DCE MRI) (a) in a patient with 
multiple myeloma, showing markedly inhomogeneous 
enhancement and “hot spots” in the third and fourth 
vertebra, which on static images corresponded to 
solid plasma cell tumors. The time-intensity curve 

obtained from these areas (b) shows a marked and 
sharp rise with a maximum at one minute after 
injection, followed by a wash-out. Note the distinct 
difference between the curves in 7.4b (diffuse pattern) 
and 7.5b (focal pattern)
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Osteosclerotic lesions are unlikely to be mye-
loma, although rare forms of sclerosing mye-
loma have been described.

Multiple myeloma affects mostly patients 
aged 50 or more – an age group in which osteo-
porosis is common and usually not caused by 
malignant disease. To tell whether osteoporosis 
in a given patient with known myeloma is inde-
pendent of or rather caused by the disease can 
be difficult or impossible in x-rays or CT. 
However, in MRI diffuse infiltration can be 
depicted as the underlying cause.

Degenerative changes – particularly osteo-
chondrosis with inflammatory bone reaction – 
may cause pain and also signal alterations in 
MRI like T2 hyperintensities and contrast 
uptake. However, there are some typical fea-
tures of benign alterations:

Hemispheric or triangular shape• 
Abutting the upper or lower end plate• 
Symmetric above and below one interverte-• 
bral disk
Loss of height and T2 signal of the adjacent • 
disk
Osteosclerosis in CT• 

Fractured vertebrae may cause significant 
diagnostic problems. The lack of an overt 
destruction does not argue against a destruc-
tion as a cause, because the compression may 
have obscured it. In MRI, the features of frac-
tures caused by either osteoporosis or myeloma 
may be also very similar, especially in severe 
collapse. Low T1 and high T2 signal intensity 
as well as marked contrast enhancement are 
signs in favor of malignant involvement as the 
underlying cause (Cuenod et al. 1996).

Diffusion-weighted MRI of fractured verte-
brae may help in differential diagnosis showing 
a lower apparent diffusion coefficient when 
malignant involvement was the cause rather 
than when the fracture was due to trauma or 
osteoporosis (Raya et al. 2006).

7.5  
 Staging

The most widely used staging system – among 
more than ten systems – is the one proposed by 
Durie and Salmon in 1975, where the stages, 
ranging from one to three, rely on blood tests 
(e.g., hemoglobin, calcium, paraproteins) and 
the results of the x-ray skeletal survey (Durie 
and Salmon 1975). The latter are fallible, and 
their prognostic implications are very insecure 
because many lesions are missed. Most impor-
tant is the discrimination between stage 1 and 2 
without signs of disease progression, needing 
no treatment, and stages 2 or 3, both requiring 
chemotherapy. For current recommendations, 
see (Dispenzieri et al. 2007). A survival analy-
sis demonstrated that the degree of skeletal 
involvement shown on MRI was pivotal for the 
patient’s prognosis. Including MRI findings 
in a clinical staging system, such as the 
Durie & Salmon system, significantly improved 
the discrimination between the three groups 
concerning survival (Baur et al. 2002). Cross-
section imaging with either MRI (or whole-body 
MRI where available) or CT is progressively 
replacing the skeletal survey. Durie did suggest 
a modified staging system (“Durie & Salmon 
PLUS”) (Durie 2006). From what is known 
today, one would recommend performing 
whole-body MRI as a primary staging exami-
nation, and using x-ray films or CT for assess-
ing bone stability where MRI is abnormal. If no 
scanners with whole-body capabilities are 
accessible, MRI should be performed for the 
entire spine, and the peripheral skeleton assessed 
with x-ray films or whole-body low-dose CT. 
Compared with whole-body MRI, however, 
CT appears to understage multiple myeloma 
(Baur-Melnyk et al. 2008). In addition, a 
 baseline bone density measurement is always 
recommended.
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7 7.6  
 Treatment Effects

MRI is without doubt the method of choice to 
monitor effects of chemotherapy, since it images 
the tumor directly, and not only its effects on 
mineralized bone, which may persist despite 
effective treatment. Chemotherapy will cause a 
reduction in T2 signal intensity and reduced 
contrast uptake in both diffusely involved bone 
marrow and solid nodules (Wasser et al. 2004). 
Although large studies are lacking, early results 
show that PET-CT might be a tool to show early 
effects of chemotherapy (Zamagni et al. 2007). 
In necrotic tumor a strong reduction of FDG 
uptake has been found (Bredella et al. 2002; 
Fonti et al. 2008).

7.7  
 Prognostic Factors

There are two events which are hard to predict: 
the progression into a stage needing treatment in 
patients with stage 1 multiple myeloma or 
 monoclonal gammopathy of unclear signifi-
cance (MGUS), and the occurrence of major 
 complications – particularly fractures – in patients 
who already are in an advanced stage. Of patients 
with MGUS, e.g., 1% per year progress into 
myeloma (Kyle et al. 2002). Blood and bone mar-
row tests (albumin, paraproteins, b2-microglobu-
lin, chromosomal and genetic factors) and the 
urine excretion of paraproteins are important  
factors, and so are the initial stage and the pres-
ence or absence of skeletal abnormalities (lytic 
lesions, osteoporosis with compression frac-
tures). According to the criteria of the International 
Myeloma Working Group, the diagnosis of 
absence of bone involvement still relies on plain 
films, and CT or MRI are tools for clarification 
only (International myeloma working group 
2003). However, a considerable proportion of 

MGUS patients do have abnormal findings at 
MRI – most frequently diffuse ones (T1 hypoin-
tensity, salt-and-pepper appearance), occasion-
ally also focal lesions. Very probably, their 
classification as having MGUS rather than mul-
tiple myeloma is false, owing to the limited sensi-
tivity of plain films, but there is no consensus as 
yet, when and how they should be “upstaged.” In 
the new staging system of Durie & Salmon PLUS 
(Durie 2006), in patients with MGUS, whole-
body MRI or PET-CT are required to exclude 
myeloma involvement (Table 7.1).

In patients, stage I disease according to the 
old staging system, abnormalities (focal or 
diffuse) in the skeletal MRI imply a signifi-
cantly worse prognosis (time to progression, 
10–16 months) than if the MRI were normal 
(32–43 months) (Baur-Melnyk et al. 2005; 
Moulopoulos et al. 1995; Vande Berg et al. 
1996; Walker et al. 2007).

In stage 2 or 3, the relevant parameter is 
the time until the diseases progresses clini-
cally, particularly until complications like 
fractures occur. Here also, besides serum 
markers, a pathological MRI is an indepen-
dent bad prognostic sign, in particular the 
intensity of contrast agent uptake (Hillengass 
et al. 2007).

Classification Whole-body MRI and/ 
or FDG-PET

MGUS All negative
Stage IA Normal skeletal survey or 

single lesion (smoldering)
Stage IB <5 focal lesions or mild 

diffuse disease
Stage IIA/B 5–20 focal lesions or 

moderate diffuse disease
Stage IIIA/B >20 focal lesions or severe 

diffuse disease

Table 7.1 Diagnostic criteria in the Durie & Salmon 
PLUS staging system (according to (Durie 2006))

Subclassification in stages II and III: A normal renal 
function/B abnormal renal function
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7.8  
 The Radiologist’s Tasks

Diagnosis and treatment monitoring rely on 
bone marrow histology and serum and urine 
tests, such as monoclonal immunoglobins, activ-
ity markers (e.g., b-microglobulin), enzymes, 
blood film, electrolytes, etc. Non-secreting 
myeloma may be difficult to monitor; here imag-
ing plays an even more crucial role. Generally, 
imaging serves to:

Verify the extent of skeletal and extraskeletal • 
involvement
Supply the information required by com-• 
monly used staging systems (e.g., Durie & 
Salmon (PLUS))
Assess stability of involved bones• 
Assess treatment response• 

The x-ray skeletal survey, until now standard 
for staging, will probably not remain for a lon-
ger period of time, given the higher sensitivities 
of both CT and MRI, and the additional infor-
mation they provide on marrow infiltration, 
local bone stability, and soft-tissue extension. 
By using MDCT and/or MRI, 30–40% of patients 
will be upstaged. Some modified staging sys-
tems (Durie and Salmon PLUS) which include 
whole-body MRI and/or PET-CT have been 
suggested.

In long bones, x-ray films are usually suffi-
cient to assess their stability, but in vertebrae and 
the pelvis this is best done with CT, at least in 
doubtful cases. CT is also best before vertebro-
plasty to ensure that the posterior cortex is intact.

For treatment monitoring and follow-up, 
MRI is clearly superior to x-ray films, for good 
reasons. Areas of destruction to mineralized 
bone, as seen on films, are simply the tip of the 
iceberg, the underlying tumor being invisible, 
and they usually show no reaction or sclerosis 
though the tumor itself does respond. To some 
extent, the same limitations also apply to CT, 
although CT is capable of demonstrating solid 

nodules (Horger et al. 2007). In vertebrae, how-
ever, it is clearly inferior to MRI.
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Novel Drugs in Myeloma:  
Harnessing Tumour Biology  
to Treat Myeloma

Kevin D. Boyd, Faith E. Davies, and Gareth J. Morgan 

Abstract Steroids and alkylating agents have 
formed the backbone of myeloma therapy for 
decades with the result that patient outcomes 
improved very little over this period. The situ-
ation has changed recently with the advent of 
immunomodulatory agents and bortezomib, 
and patient outcomes are now improving. The 
introduction of bortezomib can be viewed as 
particularly successful as it was designed in 
the laboratory to fit a target that had been iden-
tified through biological research. As such, it 
has formed the template for new drug discov-
ery in myeloma, with an increased understand-
ing of the biology of the myeloma cell leading 
to the definition of upregulated pathways 
which are then targeted with a specific agent. 
This chapter will examine novel agents cur-
rently in development in the context of the 
abnormal biology of the myeloma cell and its 
microenvironment.

8.1  
 Introduction

Conventional chemotherapy, including high dose 
chemotherapy with autologous stem cell rescue, 
is successful in producing responses in the major-
ity of patients with newly presenting multiple 
myeloma. However, relapse is almost universal 
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8

and relapsed disease is more difficult to treat due 
to intrinsic or acquired drug resistance. Myeloma 
remains an incurable disease with a median sur-
vival of 4–5 years, and there is clearly a role for 
new drugs in its treatment. The development of 
novel agents has followed on from the huge 
expansion of knowledge of the biology of the 
myeloma cell and its interaction with the bone 
marrow milieu. Within the malignant plasma 
cell, constitutively activated signalling pathways 
resulting in cell growth, proliferation and avoid-
ance of apoptosis have been defined. Within the 
bone marrow milieu, cytokines that stimulate 
angiogenesis and lytic bone disease and act as 
growth factors for the malignant clone have also 
been described. All of these pathways are poten-
tial targets for new drugs, and there are currently 
a raft of phase I and II trials of agents that target 

the myeloma cell and the cytokines and cells that 
make up its environment. This chapter will exam-
ine novel agents in the context of the biology 
of the tumour, first examining targets within the 
tumour cell, and then looking at targets within 
the bone marrow microenvironment (Fig. 8.1).

8.2  
 Intracellular Drug Targets

8.2.1  
 Targeting Signalling Pathways Within Myeloma Cells

External influences such as cytokine stimula-
tion and physical interaction with bone  marrow 
stromal cells trigger intracellular signalling 

Fig. 8.1 Potential targets for novel agents within 
the myeloma cell and in the bone marrow 
microenvironment. Within the cell, drugs can 
target chromatin, protein chaperoning, protein 
processing, and intracellularsignalling pathways. 
Cell surface receptors and cell adhesion to stromal 

cells are also valid targets. In the bone marrow 
microenvironment, cytokines that stimulate the 
myeloma cell, and promote angiogenesis and bone 
disease can be targeted, whilst immunomodulatory 
drugs up-regulate the host immune system
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 cascades that contribute to the malignant phe-
notype of the myeloma cell, namely, avoid-
ance of apoptosis, survival, growth and 
proliferation. Signalling pathways thought to 
be important in myeloma are the Ras/Raf/
MEK/MAPK pathway, the JAK/STAT3 path-
way, the P13K/Akt/mTOR pathway, the 
canonical and non-canonical NF-kB pathway 
and the Wnt/b-catenin pathway. In addition, 
the Wnt pathway has been identified as being 
important in osteolytic bone disease. Inhibition 
of any of these pathways has the potential to 
decrease the survival advantage of the myeloma  

cell and they all therefore  constitute valid drug 
targets (Fig. 8.2).

8.2.1.1  
 The Ras/Raf/MEK/MAPK Pathway

The Mitogen-activated protein kinase (MAPK) 
cascade is a key signalling pathway involved in 
the regulation of cell differentiation,  proliferation 
and survival. The pathway can be stimulated by 
many cytokines, including interleukin-6 (IL-6), 
insulin-like growth factor-1 (IGF-1), vascular 

IGF-1, VEGF, SDF-1α IL-6 TNF-α WNTCD40, BAFF

P13K
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JAK2 Ras
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Fig. 8.2 Intracellular signalling pathways



154 K.D. Boyd et al.

8 endothelial growth factor (VEGF), tumour 
necrosis factor-a (TNFa), interleukin−21 (IL-
21) and stromal cell derived factor-1 (SDF-1), 
which activate the Ras/Raf serine/threonine 
kinases. Raf activates the MAPK/ERK kinase 
(MEK) which in turn activates the extracellu-
lar signal-related kinase (ERK) (Roberts and 
Der 2007). ERK causes autocrine upregulation 
of the pathway, essential for the malignant phe-
notype. Mutations of the  oncoprotein Ras were 
found in 23% of patients with myeloma in one 
case series, which makes it the most com-
monly mutated gene in myeloma (Chng et al. 
2008b). Mutated cases had features associated 
with greater tumour burden such as higher 
plasma cell percentage on bone marrow biopsy, 
higher beta-2-microglobulin (b2m) and more 
advanced International Staging System (ISS) 
stage. Moreover, although mutated cases had 
similar response rates to non-mutated cases, 
responses were short-lived with shorter pro-
gression-free survival (PFS) and overall  survival 
(OS) times.

One of the first steps of signalling in the path-
way involves the transfer of farnesyl groups 
from farnesyl diphosphate to Ras, which allows 
Ras to be attached to the intracellular membrane. 
This step is targeted by farnesyl transferase 
inhibitors (FTIs), three of which have been dem-
onstrated to have anti-myeloma activity. Perillic 
acid and FTI-277 have induced apoptosis and 
inhibited the growth of myeloma cell lines 
(Beaupre et al. 2003; Bolick et al. 2003). 
Tipifarnib (R115777) has undergone a phase II 
trial involving 43 myeloma patients that showed 
it to be well tolerated and associated with disease 
stabilisation in 64% of patients (Alsina et al. 
2004). This trial showed treatment with 
Tipifarnib to be associated with decre ased 
levels of phosphorylated Akt and Signal 
Transducer and Activator of Transcription 3 
(STAT3) but not ERK, suggesting that it may act 
through Ras-independent pathways. This has 
been borne out in research showing that 
Tipifarnib’s in vitro efficacy does not correlate 

with Ras mutation status or inhibition of farnesyl 
transferase (Beaupre et al. 2004; Buzzeo et al. 
2005; Armand et al. 2007). FTIs can potentially 
inhibit multiple farnesylated protein substrates 
involved in tumour proliferation, so although the 
initial rationale for their use was based on the 
knowledge of the importance of Ras in myeloma, 
they may work primarily through pathways other 
than the MAPK cascade. The pathway can, how-
ever, be targeted at other points. Sorafenib (BAY 
43-9006) is a multikinase inhibitor that targets 
Raf and is being used in trials including patients 
with myeloma.

MEK has been targeted by the drug AZD6244. 
In vitro studies of this drug show it to trigger 
apoptosis in myeloma cell lines, sensitise cells 
to other chemotherapy agents, and inhibit 
cytokine-induced activation of osteoclasts 
which have an important role in the develop-
ment of myeloma associated bone disease (Tai 
et al. 2007). Activation of MEK/ERK is one of 
the mechanisms of acquired steroid resistance, 
so combination regimens that involve blockade 
of this pathway may show synergism or sensi-
tise previously drug-resistant tumours (Tsitoura 
and Rothman 2004).

8.2.1.2  
 The Janus Kinase (JAK)/STAT Pathway

The Janus Kinase (JAK)/STAT3 pathway is 
stimulated by cytokines such as IL-6 and IL-21 
and has been shown to be constitutively acti-
vated in ~50% of primary myeloma samples, 
whilst suppression of STAT3 in these samples 
with curcumin leads to apoptosis (Bharti et al. 
2004). Several other agents have been used to 
block STAT3 activity in myeloma cells, includ-
ing the JAK 2 inhibitor AG490 (De Vos et al. 
2000), the pan-JAK inhibitor pyridine 6 
(Pedranzini et al. 2006) and atiprimod (Amit-
Vazina et al. 2005), with similar results of 
decreased tumour cell viability and increased 
apoptosis. However, if myeloma cells are in the 
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presence of bone marrow stromal cells, simulta-
neous inhibition of the MEK/ERK pathway and 
the JAK/STAT pathway is required in order to 
induce apoptosis (Chatterjee et al. 2004). This 
may be a consideration in the design of future 
drug trials. Currently atiprimod is the only agent 
targeting this pathway that has been moved 
 forward into phase I/II patient trials. Preclinical 
studies have shown this anti-inflammatory agent 
to inhibit STAT3 activation, reducing the prolif-
erative cytokine IL-6 and down-regulating the 
anti-apoptotic proteins bcl-2, bcl-X(L) and 
mcl-1 leading to cell death (Amit-Vazina et al. 
2005). Mouse models have confirmed the poten-
tial utility of this drug (Neri et al. 2007).

8.2.1.3  
 The Phosphatidylinositol-3 Kinase (PI3-K)/Akt Pathway

IL-6 and IGF-1 have been shown to mediate pro-
liferation and drug resistance through this path-
way (Tu et al. 2000). Activation of Akt has been 
identified in ~50% of primary myeloma samples 
(Zollinger et al. 2008). IL-6 induces Akt 
 phosphorylation, which in turn phosphorylates 
several downstream targets including mamma-
lian target of rapamycin (mTOR), GSK-3B and 
forkhead transcription factor (FKHR). Upregu-
lation of this pathway has been shown to inacti-
vate FKHR, leading to G1/S phase transition. 
mTOR, a serine/threonine protein kinase, also 
regulates the G1/S phase gateway, up-regulating 
expression of downstream targets such as the 
D-Cyclins resulting in cellular proliferation. Akt 
activation has also been linked to resistance to 
dexamethasone-mediated apoptosis, mediated 
through inactivation of capsase-9(Hideshima 
et al. 2001). Blockade of this pathway should 
therefore lead to G1 growth arrest, and sensitiza-
tion to steroid-induced  apop tosis, and when Akt 
is down-regulated by siRNA constructs in acti-
vated samples, apoptosis is induced.

The pathway has been targeted at several 
points. P13-K has four class I isoforms (p110a, 

p110b, p110d, p110g), all of which can be inhib-
ited in the laboratory with agents such as 
LY294002 which have poor solubility. SF1126 
is a soluble conjugate of this agent and retains 
its efficacy against all class I P13-K isoenzymes. 
It has demonstrated synergy with bortezomib, 
vincristine, steroids and alkylating agents and is 
currently in phase I trials (David et al. 2008). 
Pichromene is another drug capable of inhibit-
ing all four P13-K enzymatic activities, leading 
to reduced expression of cyclins D1, D2 and D3 
(Mao et al. 2008) Inhibitors of the individual 
enzymatic isoforms are also in development, 
including CAL-101, which has been shown to 
induce apoptosis in cell lines even in the pres-
ence of bone marrow stromal cells (Ikeda et al. 
2008b). Downstream from P13-K, Akt has been 
targeted by Peri fosine, a synthetic alkylphos-
pholipid that inhibits phosphorylation, and 
therefore activation, of Akt. It has been shown 
to be cytotoxic to myeloma cell lines both when 
they are in isolation and when they are in the 
presence of bone marrow stromal cells, to show 
synergism to MEK inhibitors, dexamethasone 
and doxorubicin, and to have anti-myeloma 
activity in a mouse model (Hideshima et al. 
2006a). A clinical trial using perifosine mono-
therapy in 48 patients induced a minor response 
in one patient, with stable disease in 22 
patients. Perifosine with dexamethasone was 
used in the same trial by 31 patients with pro-
gressive disease, with four showing a partial 
response, eight a minor response and 15 with 
stable disease (Richardson et al. 2007c). It has 
also been used in combination with bortezomib 
with an overall response rate (ORR) of 40%, 
and with lenalidomide + dexamethasone with 
an ORR of 50% (Richardson et al. 2007b; 
Jakubowiak et al. 2008). These response rates 
are similar to those obtained with their respec-
tive partner drugs without perifosine, so it is 
difficult from these small trials to assess if any 
benefit is derived from the addition of perifos-
ine. In the bortezomib trial, a 37% response rate 
was reported in patients classed as previously 
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8 resistant to bortezomib, so its role may lie in 
sensitising chemotherapy-resistant myeloma. 
Other Akt inhibitors have been developed such 
as phosphatidylinositol ether lipid analogues 
(PIAs) and API-2, but these have not been char-
acterised in myeloma yet.

Rapamycin is an antifungal compound pro-
duced naturally by Streptomyces hygroscopicus 
which has been discovered to be a specific inhib-
itor of mTOR, inducing G0/G1 arrest, and sensi-
tising myeloma cells to dexamethasone-induced 
apoptosis (Stromberg et al. 2004). In vitro stud-
ies suggest that it may be synergistic with both 
bortezomib and lenalidomide (Raje et al. 2004; 
O’Sullivan et al. 2006). Two rapamycin ana-
logues, temsirolimus (CCI-779) and RAD-001, 
have been developed which work by binding to 
the FK506 binding protein FKBP-12 which then 
binds to and inhibits mTOR (LoPiccolo et al. 
2008). Temsirolimus has demonstrated induc-
tion of apoptosis and inhibition of proliferation 
in a myeloma mouse model (Frost et al. 2004), 
and also down-regulation of VEGF thereby 
reducing angiogenesis (Frost et al. 2007). 
A phase I trial combining temsirolimus with 
bortezomib showed a tolerable side-effect pro-
file with an overall response rate (ORR) of 33%, 
and phase II studies are ongoing (Ghobrial et al. 
2008). The use of RAD-001 has yet to be 
reported in myeloma. It has been suggested that 
inhibition of mTOR may feedback to produce 
upregulation of upstream elements of the path-
way such as Akt, and that P13-K and Akt may 
be better targets within this pathway (Yap et al. 
2008). This will need to be examined in further 
experimental work.

8.2.1.4  
 The Nuclear Factor-Kappa B (NF-kB) Pathway  
and the Ubiquitin Proteasome System

NF-kB is a transcription factor which has been 
found to be upregulated in both tumour and 
stromal cells of patients with myeloma. The 

constitutive activation of NF-kB in myeloma 
cells deregulates cell cycle and apoptotic path-
ways, whilst in the stromal cells it triggers the 
production of cytokines such as IL-6 and B-Cell 
Activating Factor (BAFF) which cause para-
crine stimulation of the myeloma cells, includ-
ing upregulation of the NF-kB pathway itself 
(Chauhan et al. 1996; Tai et al. 2006). Within 
the tumour cells, there are two NF-kB path-
ways, the canonical and non-canonical, both of 
which involve the proteasome. In the canonical 
pathway, an inhibitor of IkB kinase b (IKKb) 
phosphorylates the inhibitory IkB proteins 
which are then processed by the proteasome 
leading to their inactivation. In the non-
canonical pathway, IKKa phosphorylates p100/
NFkB2, leading to the removal of an inhibitory 
C-terminal by the proteasome. The end result of 
both pathways is accumulation of NFkB in the 
nucleus. Constitutive activation of both path-
ways has been linked to mutations of multiple 
genes such as TRAF3 and CYLD in myeloma 
(Annunziata et al. 2007; Keats et al. 2007).

The ubiquitin proteasome system (UPS) is 
responsible for intracellular protein degrada-
tion. Proteins are conjugated with a polypep-
tide, ubiquitin, and are then processed by the 
26S proteasome, which consists of 19S flanking 
units controlling entrance to the 20S core (Peters 
et al. 1991). Within the 20S core proteolysis 
occurs by three activities; chymotrypsin-like 
(CT-L), trypsin-like (T-L) and caspase-like 
(C-L) (Chauhan et al. 2008). The proteasome is 
involved in processing many proteins involved 
in progression through cell cycle and survival. 
Pharmacological inhibition of the proteasome 
causes a build-up of mis-folded and unwanted 
proteins, including the inhibitory NF-kB pro-
teins such as IkB, resulting in apoptosis.

Bortezomib (PS-341) is a boronic acid dipep-
tide which inhibits the 26S  Proteasome, specifi-
cally the CT-L and C-L proteasomal activities. 
Although inhibition of IkB degradation appears 
to be the major target of bortezomib, it has 
been shown to affect other pathways through 
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inhibition of ubiquitinated proteins other than 
those of the NF-kB pathway and through other 
direct mechanisms. For example, it may indi-
rectly downregulate both the JAK/STAT and 
P13-K/Akt pathways via downregulation of 
gp130 (Hideshima et al. 2003a). It may also 
affect DNA repair by cleavage of DNA repair 
enzymes, and phosphorylate p53 causing its 
activation (Hideshima et al. 2003b). The APEX 
study showed bortezomib monotherapy to be 
superior to dexamethasone in patients with 
relapsed myeloma (Richardson et al. 2005b). 
OR rates were 43% in the bortezomib group 
versus 17% in the dexamethasone group, which 
resulted in a superior overall survival (OS) of 
29.8 months versus 23.7 months, despite 62% 
of the steroid group crossing over to the borte-
zomib arm (Richardson et al. 2007). Although it 
remains the only single-agent to show a survival 
benefit in relapsed myeloma patients, the fact 
that the majority of relapsed patients fail to 
respond to monotherapy has lead to a multitude 
of clinical trials incorporating bortezomib with 
other agents in order to improve response rates. 
The combination of bortezomib and liposomal 
doxorubicin has been shown to lead to improved 
time to progression and improved survival com-
pared to bortezomib monotherapy (Orlowski 
et al. 2007b). Borte zo mib has been shown to 
improve progression free survival (PFS) when 
combined with melphalan + prednisolone in a 
large phase III trial in newly presenting patients 
not suitable for auto-transplantation (San 
Miguel et al. 2008). Bortezomib has therefore 
been demonstrated to show synergism with 
conventional chemotherapy and novel agents, 
and to improve outcome in newly presenting 
and relapsed patients. Its current place in the 
treatment of myeloma, both in terms of optimal 
partner drugs and sequence of treatment, 
remains to be defined and is likely to change as 
newer agents become available.

Based on the success of bortezomib, other 
proteasome inhibitors have been developed 
with a view to increasing efficacy, altering the 

side-effect profile and providing more conve-
nient dosing. Carfilzomib (PR-171) is an intra-
venous preparation that blocks CT-L activity 
but differs from bortezomib in that it shows 
minimal cross-reactivity with other catalytic 
sites within the proteasome or with other pro-
teasome classes and may therefore have a more 
favourable side-effect profile. It activates apop-
tosis via caspase 8 and 9 in a similar fashion to 
bortezomib, but is more potent. Two phase II 
trials have been reported using carfilzomib as 
monotherapy in relapsed patients. One demon-
strated an ORR of 54% in bortezomib naïve 
patients, which dropped to 19% in patients pre-
viously exposed to bortezomib. Deterioration in 
renal function was seen in five patients, two of 
which were related to tumour lysis syndrome 
which may be evidence of potency of the drug 
(Orlowski et al. 2007; Vij et al. 2009). A second 
was in a particularly treatment refractory group 
of patients which may account for the disap-
pointing response rate of 14%. Increases in 
creatinine were again seen in this trial, although 
there was no study discontinuation due renal 
failure (Jagannath et al. 2009). More recent 
patient assessments have suggested that concur-
rently administering intravenous fluids with 
carfilzomib resolves this issue. Neurotoxicity 
was reported at low rates in these two trials, and 
chronic administration of carfilzomib in experi-
mental animals does not result in neurotoxicity, 
raising the possibility that bortezomib-associ-
ated peripheral neuropathy may not be a class 
effect (Demo et al. 2009). A new approach to 
improving the side-effect profile of proteasome 
inhibitors is to target the immunoproteasome, a 
proteasomal variant that is only found in hae-
mopoietic cells. NPI0052 differs from borte-
zomib in several ways, not least of which is that 
it is orally active in animal models. It blocks all 
three proteasomal activities (CT-L, T-L and 
C-L) compared to the CT-L and T-L inhibition 
of bortezomib, and irreversibly binds to the pro-
teasome whereas bortezomib is a reversible 
inhibitor. It also appears to induce apoptosis via 
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8  different signalling pathways, with NPI0052 
apoptosis mediated via caspase 8, whereas bort-
ezomib requires activation of both caspase 8 
and caspase 9 (Chauhan et al. 2005). It is a more 
potent inhibitor of the NF-kB pathway. Whether 
these biological differences translate into 
improved efficacy needs to be evaluated in clin-
ical trials. The compound IPSI-001 has been 
identified as a potent immunoproteasome inhib-
itor that is effective at inhibiting the prolifera-
tion of patient myeloma samples, and is able to 
overcome drug resistance including bortezomib 
resistance (Kuhn et al. 2008). Carfilzomib also 
has some anti-immunoproteasomal activity.

Although NF-kB pathway inhibition appears 
to be central to the mechanism of action of pro-
teasome inhibitors, their effects are broader than 
this and attempts have therefore been made to 
specifically target the pathway. Kinase inhibitors 
of IkB have been developed and shown to have 
anti-myeloma efficacy in vitro and in mouse 
models (Hideshima et al. 2006b), and other 
novel inhibitors are in development (Meinel 
et al. 2008). However, no clinical trials have 
been reported to date, so it is not clear whether 
inhibiting the pathway through targets other than 
the proteosome will provide any advantage.

8.2.1.5  
 The Wingless/int (Wnt)/b-Catenin Pathway

Wnts are a family of glycoproteins that bind 
to frizzled transmembrane receptors on the mye-
loma cell, leading to intracellular accumulation 
of unphosphorylated b-catenin which is normally 
degraded by the proteasome. Stimulation of 
myeloma cell lines with Wnt-3a has been shown 
to lead to cytoplasmic accumulation and nuclear 
localization of b-catenin, which then binds to 
T-cell factor transcriptional factors to activate 
downstream targets such as c-myc and Cyclin D2 
resulting in cellular proliferation (Derksen et al. 
2004). It has been suggested that the pathway 
is constitutively activated in myeloma due to 

hypermethylation (and therefore suppression) of 
genes acting as negative regulators of the path-
way (Chim et al. 2007). A small molecule inhibi-
tor of the nuclear binding of b-catenin to its 
transcriptional factor, PKF115-584, has been 
shown to be cytotoxic to myeloma cell lines and 
patient myeloma cells (Sukhdeo et al. 2007). 
There are no clinical trials at present, and the 
effect of any Wnt pathway inhibitor on osteolytic 
bone disease, which is thought to be largely 
mediated by the Wnt-signalling antagonist dick-
kopf1, would need to be carefully monitored, as 
our current understanding of this pathway sug-
gests that its inhibition may result in decreased 
myeloma cellular proliferation, but a paradoxical 
increase in osteolytic activity that may exacer-
bate destructive bone disease.

8.2.2  
 Targeting the Unfolded Protein Response

The endoplasmic reticulum is responsible for 
post-translational modification and folding of 
proteins. This system is placed under stress in 
myeloma cells, where there is overproduction of 
secretary proteins, triggering a complex pathway 
known as the Unfolded Protein Response (UPR) 
which aims to prevent the accumulation of mis-
folded proteins. If this system fails,  proteins are 
eliminated by ubiquitination and proteasomal 
digestion, or alternatively by the aggresome.

The UPR is complex, initiated by three trans-
membrane receptors which diverge into several 
pathways. The protein chaperone heat shock pro-
tein 90 (HSP90) is involved in the functioning of 
all three endoplasmic reticulum bound receptor 
pathways. HSP90 overexpression is seen in 
myeloma tumour cells, but not in normal plasma 
cells (Chatterjee et al. 2007). HSP90 inhibition 
should be a promising treatment as, although it 
only targets a single biological function, the 
number of chaperone client proteins affected is 
large and includes IGFR1 and FGFR3 as well as 
key proteins of the NF-kB pathway such as NIK 
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and IKK (Qing et al. 2006). Upregulation of 
HSP90, HSP70 and HSP27 is seen in myeloma 
cells treated with bortezomib, suggesting a pro-
tective effect to the stress induced on the cell by 
proteasome inhibition, and providing the ratio-
nale for combining proteasome inhibition with 
HSP inhibition in clinical trials.

The antibiotic geldanamycin binds to HSP90, 
interfering with its chaperone function, and 
treatment of cell lines with analogues of geldan-
amycin causes myeloma cell death due to the 
unfolded protein response death pathway 
(Davenport et al. 2007). The first anti-cancer 
agents directed against HSP90 were there-
fore analogues of geldanamycin. Tanespimycin 
(KOS-953) showed some activity in phase I tri-
als with two partial responses (PRs), one mini-
mal response (MR) and six stable diseases (SDs) 
recorded in 22 patients so was moved into 
a phase II trial combined with bortezomib 
(Richardson et al. 2005a). Preliminary data from 
this showed three responses in bortezomib 
refractory patients, and responses of > PR in 7/19 
bortezomib naïve patients (Richardson et al. 
2007d), and there is now a phase III trial under-
way of bortezomib + tanespimycin versus borte-
zomib. More recently, several HSP90 inhibitors 
that are not derived from geldanamycin have 
been developed with some evidence that they 
may have unique properties and actions relative 
to geldanamycin (Okawa et al. 2008). NVP-
AUY922 is a diarylisoxazole-based drug that has 
been shown to effectively induce apoptosis in 
some myeloma cell lines (Stuhmer et al. 2008). 
A phase I trial is underway in solid tumours, and 
this agent warrants further attention in myeloma. 
A phase I trial of another non-geldanamycin 
derived HSP 90 inhibitor, KW2478, is underway 
and to date has demonstrated tolerability, but no 
significant clinical responses at the doses used 
(Cavenagh et al. 2008). However, the maximum 
tolerated dose has not been reached in this study 
and dose escalation is ongoing. There is some 
evidence that inhibition of HSP90 leads to 
upregulation of the HSP70 family of heat-shock 

proteins, which may be a mechanism of resis-
tance to this class of drug. Simultaneous inhibi-
tion of HSP90 and HSP72 may therefore be 
required for maximum anti-tumour effect 
(Davenport et al. 2008).

Another way of targeting the cell protein 
handling system is through inhibition of the 
aminopeptidase enzyme system that catalyses 
the hydrolysis of amino acids from the N termi-
nus of proteins. The aminopeptidase inhibitor 
CHR-2797 has been demonstrated to induce 
apoptosis in a panel of myeloma cell lines and 
patient samples, and to show synergy with dex-
amethasone (Davies et al. 2007a). A Phase I 
trial of patients with haematological malignan-
cies demonstrated efficacy in acute myeloid 
leukaemia but only enrolled two patients with 
myeloma, but based on the encouraging in vitro 
data, further clinical trials in myeloma are war-
ranted (Davies et al. 2007b).

8.2.3  
 Targeting Chromatin

Epigenetic changes constitute alterations in the 
gene expression pattern not attributable to the 
primary base sequence, and include the way 
that our DNA is packaged by histones and 
abnormal DNA methylation. Histones are the 
protein spools around which DNA is wound, 
without which it would not be possible to pack-
age the genome into the nucleus. For mRNA 
transcription to occur, the tight histone coils 
need to relax and open, so the histones act as 
transcription regulators. Histone deacetylation 
by histone deacetylase (HDAC) results in a 
closed chromatin pattern to which transcription 
factors cannot bind, leading to gene silencing, 
whereas acetylation by histone acetyltransferase 
(HAT) opens up the chromatin structure to 
allow transcription. Haematological malignan-
cies have been shown to mediate transcriptional 
repression of tumour suppressor genes through 
recruitment of HDAC (Marks et al. 2001) and 
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8 HDAC inhibition of myeloma cells has been 
shown to result in apoptosis (Catley et al. 2003). 
HDAC inhibitors also act on a number of non-
histone proteins that are associated with onco-
genesis such as p53, HSP90 and a-tubulin. 
a-tubulin is deacetyated by HDAC6 and is part 
of the aggresome system, a protein disposal sys-
tem analogous to the proteasome where mis-
folded proteins are transported to lysosomes by 
the microtubule organising centre (MTOC) 
to be degraded by autophagy. Inhibition of 
a-tubulin by tubacin produces synergy with 
bortezomib, providing some evidence that 
inhibiting both of the cell’s protein disposal 
mechanisms is beneficial (Hideshima et al. 
2005). Some of these compounds may therefore 
simultaneously relax the chromatin structure to 
allow transcription of tumour suppressor genes, 
inhibit the aggresomal pathway and inhibit 
HSP90. HDAC inhibitors are divided into six 
classes based on their structure, and several have 
been shown to have anti-myeloma efficacy.

8.2.3.1  
 Histone Deacetylase (HDAC) Inhibitors

Suberoylanilide hydroxamic acid (SAHA) (vor-
inostat) has been shown to upregulate p21WAF1 
and p53 expression and dephosphorylate Rb via 
inhibition of HDAC (Mitsiades et al. 2003). It 
has been used as a single agent in a phase I trial 
involving ten patients, when it was well toler-
ated orally and induced one MR (Richardson 
et al. 2007e). It has been shown to decrease pro-
teasomic activity, so may act synergistically 
with bortezomib. Two phase I studies and a case 
series of the combination of SAHA and borte-
zomib have been reported. In the first study of 
16 relapsed patients, eight achieved a PR or 
near complete response (nCR) (Badros et al. 
2007). In the second two-centre study, a 26% 
PR rate was reported in 34 patients at one cen-
tre, and 9/22 patients showed a response at the 
second centre (Weber et al. 2009), whilst in the 

small series of six patients, one VGPR and four 
MRs were seen (Mazumder et al. 2008).It has 
also been used in a phase I trial in combination 
with lenalidomide + dexamethasone in nine 
patients and demonstrated tolerability (Siegel 
et al. 2009). A phase III study of SAHA +  
bortezomib versus bortezomib is underway.

The depsipeptide FK228 (Romidepsin, 
FR901288) was demonstrated to induce apopto-
sis was demonstrated to induce apoptosis in 
myeloma cell lines and patient tumour cells 
(Khan et al. 2004) and has recently been reported 
to show encouraging activity in a small phase II 
trial when given in combination with borte-
zomib and dexamethasone. A 67% ORR + 28% 
MR were seen in 18 relapsed patients, including 
a response in two patients who were progress-
ing on a bortezomib maintenance programme. 
It is impossible to know whether the addition of 
depsipeptide or dexamethasone overcame 
the drug resistance in these cases.

LBH589 (Panobinostat) has shown potent 
anti-myeloma activity in vitro and potentiates 
the effects of other drugs such as dexametha-
sone, bortezomib and melphalan (Maiso et al. 
2006). As well as upregulating p21WAF1 and p53, 
it has been shown to control cell proliferation 
and survival through HSP90 and induce apopto-
sis through the aggre some pathway. A phase II 
study of panobinostat monotherapy has been 
reported which showed good oral tolerability, a 
VGPR on one patient who had previously 
received five lines of therapy, and a MR in one 
patient post ten lines of treatment (Wolf et al. 
2008). Phase I trials combining panobinostat 
with bortezomib (Siegel et al. 2008) and lenali-
domide (Spencer et al. 2009) have demonstrated 
the safety of these combinations.

PXD101 has demonstrated antiproliferative 
activity in cell lines and shows additive/syner-
gistic effects with other agents. Its use has been 
reported in a phase II trial where it was given as 
monotherapy for two courses, and then with 
dexamethasone if progressive disease was 
reported. Twenty-four patients were enrolled, 



1618 Novel Drugs in Myeloma: Harnessing Tumour Biology to Treat Myeloma   

with no objective responses reported in patients 
exposed to monotherapy, although some stable 
disease was seen. A minimal res ponse was seen 
with the addition of dexamethasone (Sullivan 
et al. 2006). ITF2357 has been given to 15 
patients with myeloma, inducing one PR (Galli 
et al. 2007). SRT501 (resveratrol) is a naturally 
occurring polyphenol found in red wine and is 
one of the sirtuin family of NAD-dependant 
histone deacetylases. It has been shown to 
induce apoptosis in myeloma cell lines by 
down-regulating anti-apoptotic proteins such as 
cyclin D1, cIAP, XIAP, survivin and bcl-2 and 
up-regulating pro-apoptotic gene products such 
as Bax and apoptosis proteasome activating fac-
tor-1 (Apaf-1), resulting in suppression of the 
NF-kB and STAT3 pathways and activation of 
apoptosis via caspase 3. A phase II trial is 
underway in myeloma patients starting with 
resveratrol monotherapy with bortezomib being 
added for progressive disease. NVP-LAQ824 
has been shown in vitro to inhibit the growth of 
tumour cells at a much lower concentration than 
SAHA, so may be a more potent drug (Atadja 
et al. 2004). It has been shown to induce apop-
tosis in myeloma cells and to have efficacy in a 
myeloma murine model, but no clinical trial 
data has been reported to date (Catley et al. 
2003). Multiple other HDAC inhibitors are in 
development, including KD5170 and tubacin.

8.2.3.2  
 Hypomethylating Agents

Hypermethylation of the 5¢ gene promoter region 
of genes is an epigenetic mechanism of tumour 
suppressor gene silencing that has been shown 
to be present in myeloma (Takahashi et al. 2004). 
Inhibition of this process may therefore allow 
increased expression of tumour suppressor genes 
so constitutes a valid drug target. The DNA 
methyltransferase inhibitor 5-azacytidine has 
been shown to induce apoptosis in myeloma 
cells, to overcome the survival advantage 

conferred by IL-6, IGF-1 and adherence to bone 
marrow stromal cells, and to enhance the activ-
ity of doxorubicin and bortezomib (Kiziltepe 
et al. 2007). It has been stated that the kinetics of 
its action suggests that its effect may not be 
mediated via DNA hypomethylation, but by 
protein synthesis inhibition (Khong et al. 2008). 
There is extensive clinical data on the use of 
these agents in other haematological conditions 
such as myelodysplasia and acute myeloid  
leukaemia, but none in myeloma to date.

8.2.3.3  
 New Alkylators

Bendamustine was synthesised in the former 
East German Democratic Republic in the 1960s 
and was used in East Germany for 30 years 
before German unification for the treatment of 
lymphoma, myeloma and breast cancer, 
although there were few validated studies from 
this time to support its use. It has structural sim-
ilarities to both alkylating agents and purine 
analogues, and has been demonstrated to have a 
substance specific interaction with DNA, result-
ing in minimal cross resistance with other alky-
lators (Strumberg et al. 1996). A phase III trial 
has been conducted comparing melphalan + pred-
nisolone with bendamustine + prednisolone in 
131 newly presenting patients (Ponisch et al. 
2006). Overall response rates were 75% in the 
bendamustine group and 70% in the melphalan 
group, with CR rates of 32% in the bendamus-
tine group and 13% in the melphalan group. It 
has also demonstrated efficacy when used in 
combination with novel agents in the relapsed 
patient setting. A phase I trial of bendamustine, 
prednisolone and thalidomide showed a 
response in 24/28 patients (Ponisch et al. 2008), 
whilst it has been used in two phase I trials in 
combination with bortezomib and dexametha-
sone and shown impressive response rates of 
84% and 88% respectively (Hrusovsky and 
Heidtmann 2005; Fenk et al. 2007).
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8 8.2.4  
 Targeting Intracellular Cell Cycle  
Regulatory Proteins

8.2.4.1  
 Cyclin D Kinases

Cyclin D dysregulation is central to myeloma 
pathogenesis, and a classification system has 
been proposed which shows dysregulation of 
cyclin D pathways to be a unifying result of at 
least seven different disease initiating events 
(Bergsagel et al. 2005). D Cyclins are involved 
in progression through the G1/S stage of the cell 
cycle, and their over-expression therefore allows 
for uncontrolled cellular proliferation without 
the normal pause that allows for cells with 
genetic defects to be detected and undergo 
 apoptosis. As cyclin D dysregulation is seen in 
virtually all myeloma samples, they make an 
attractive drug target, and several companies 
have compounds with preclinical data. P276-00 
inhibits CDK4/cyclin D1 and has been shown to 
inhibit cell growth and induce apoptosis through 
regulation of cell cycle progression, as well as 
overcoming the proliferative stimuli of  cytokines 
such as IL-6 and IGF-1. Its in vitro efficacy was 
borne out in a myeloma mouse model, and a 
phase I trial is underway (Raje et al. 2009). 
Similar preclinical efficacy has been demon-
strated for the plant cytokinin kinetin riboside 
which inhibits transactivation of CCND2, reduc-
ing levels of Cyclin D1 and D2 proteins, result-
ing in cell cycle arrest in vitro and tumour growth 
inhibition in xenografted mice (Tiedemann et al. 
2008). Some of the novel agents seem to have 
narrow specificity, such as Purvalanol against 
CDK1 and NVP-LCQ195/AT9311 against 
CDK1/2, whilst others are broad antagonists of 
cyclin D pathways with AT7519 having activity 
against CDK1,2,4,5,9 and glycogen synthase 
(GSK) 3b, SNS-032 inhibiting CDK2,7 and 9 and 
RGB286638 having broad activity (McMillin 
et al. 2007; Cirstea et al. 2008; Santo et al. 2008; 
Wierda et al. 2008; Zeng et al. 2008). As the 

 initial classification system suggests that either 
CDK1, 2 or 3 is dysregulated, it would appear 
that this is an example of an area where, in the 
future, it may be possible to tailor the drug to the 
patient based on genetic abnormalities detected 
in their myeloma clone. Before technology 
allows that approach, broad spectrum cyclin 
inhibitors may be more likely to have efficacy in 
any individual patient, but they may be found to 
have broader side effects. Clinical data are avail-
able from a Phase I trial of SNS-032 (a CDK2, 3 
and 9 inhibitor) where patients with myeloma 
and Chronic Lymphocytic Leukemia (CLL) 
were treated with a once weekly infusion. Dose-
limiting toxicity and tumour lysis were seen in 
CLL patients, but not in patients with myeloma. 
No objective responses were recorded, but this 
remains an exciting therapeutic area (Wierda et 
al. 2008).

8.2.4.2  
 Aurora Kinases

The three aurora kinases (aurora A, B and C) 
regulate the G2 cell cycle checkpoint and as 
such are intimately involved in centrosome and 
spindle formation. Targeting these kinases 
should allow for the arrest of cells at the G2 
checkpoint to allow for the recognition of 
genomic abnormalities that would normally 
result in apoptosis. Over-expression of RHAMM, 
a centrosome associated gene, has been demon-
strated to correlate with the degree of cen-
trosome amplification, whilst centrosome 
amplification correlates with poor prognosis 
(Shi et al. 2007; Chng et al. 2008a). Recent data 
has shown that the presence of aurora A over-
expression is an independent poor prognostic 
factor (Hose et al. 2009). It may therefore be 
possible to target these new agents to patients 
with centrosomal amplification of aurora kinase 
over-expression and thus improve the outlook 
for a group of patients who have a poor prog-
nosis with current therapies. Data have been 
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 published on multiple aurora kinase inhibitors, 
including VX-680, ZK, ADZ 1152, VE-465, 
ENMD-2076 and MLN8237, showing that they 
are effective in inducing  apoptosis of myeloma 
cell lines and patient  samples (Shi et al. 2007; 
Evans et al. 2008a, b; Gorgun et al. 2008; Wang 
et al. 2008b). Some of these have isoenzymatic 
specificities, whilst others such as ENMD-
981693 are multikinase inhibitors which also 
have activity against proteins such as FGFR3 
(Hembrough et al. 2007). Several of these com-
pounds have been taken  forward into phase I 
trials, but no clinical data is available in a 
myeloma cohort.

8.2.4.3  
 Pim Kinases

The three Pim kinases are a recently described 
family of serine/threonine kinases which are 
potent inhibitors of apoptosis. They mediate 
this via phosphorylation of the cyclin-dependant 
kinase inhibitor p27(Kip1) which overcomes 
G1 arrest thereby allowing cell cycle progres-
sion, promoting cellular proliferation (Morishita 
et al. 2008). Pim-2 has been found to be tran-
sciptionally upregulated in myeloma cell lines, 
and its over-expression is increased by cytokine 
such as IL-6, BAFF and TNF-a (Asano et al. 
2007). Down-regulation of Pim by inhibitory 
short inhibitory RNAs (siRNAs) has been 
shown to decrease the proliferation induced by 
stimulatory cytokines, and to augment the effect 
of dexamethasone and mTOR inhibitors. On 
this basis, Pim inhibitors are being taken into 
phase I trials.

8.2.4.4  
 Inhibitor of Apoptosis Proteins

Inhibitors of Apoptosis Proteins (IAPs) are a 
family of proteins that inhibit caspases 8 and 9 
and thereby act as regulators of programmed 

cell death. IAPs include X-chromosome linked 
IAP (XIAP or BIRC4), cellular IAP 1 (c-IAP1 
or BIRC2), c-IAP2 (BIRC3) and survivin, of 
which XIAP is the best described and possibly 
the most potent suppressor of apoptosis (Vucic 
and Fairbrother 2007). XIAP has been found at 
high levels in patient samples, and has been 
demonstrated to fall following successful treat-
ment with both conventional chemotherapy and 
bortezomib (Gaponova et al. 2008). IAP inhibi-
tors are in development and have demonstrated 
in vitro  efficacy against a number of myeloma 
cell lines, as well as synergy with a range of 
conventional and novel agents (Khong and 
Spencer 2007).

8.3  
 Extracellular Drug Targets

Conditions outside the myeloma cell are essen-
tial to its survival. Physical interaction with 
bone marrow stromal cells trigger the release of 
cytokines from the stromal cells that mediate 
destructive bone disease and angiogenesis as 
well as directly stimulating growth and survival 
pathways within the tumour cells via the path-
ways discussed previously such as JAK/STAT3 
and NF-kB. Drug resistance also seems to be 
mediated by cell adhesion to stromal cells.

8.3.1  
 Targeting Cytokines or Their Receptors

A possible advantage of abrogating upstream 
targets such as IL-6 and IGF-1 compared to 
components of the intracellular signalling path-
ways that they induce is the ability to affect 
 several pathways simultaneously. Myeloma 
cells show a remarkable capacity to adapt and 
escape drug toxicity by upregulation of alterna-
tive pathways, so blockade of IL-6, which stim-
ulates the JAK/STAT, Ras/Raf/MEK/MAPK 
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8 and P13K/Akt, may be more efficacious than 
targeting any one of the individual downstream 
targets.

8.3.1.1  
 Interleukin-6 (IL-6)

IL-6 is possibly the most important, and cer-
tainly the most studied, of the cytokines known 
to be important in myeloma cell survival. High 
levels of IL-6 or soluble IL-6 receptor have been 
shown to be associated with adverse prognosis 
in myeloma, acting as surrogate markers of dis-
ease bulk much in the same way as b2m (Bataille 
et al. 1989; Pulkki et al. 1996). A proportion of 
tumour cells show autocrine IL-6 production, 
and patients with higher autocrine production 
have more advanced disease, whilst their tumour 
cells are more resistant to apoptosis (Frassanito 
et al. 2001). However, the major site of IL-6 pro-
duction in the myeloma bone marrow appears to 
be stromal cells, with secretion being triggered 
by tumour/stromal cell binding or by secretion 
of cytokines such as TNFa from the tumour. 
Activation of the IL-6 receptor on myeloma 
cells triggers three signalling pathways; Ras/
Raf/MEK/MAPK which appears to mediate cel-
lular proliferation, JAK/STAT3 which mediates 
survival and P13K/Akt which has been shown to 
be important in drug resistance (Ogata et al. 
1997; Catlett-Falcone et al. 1999; Hideshima 
et al. 2001). However, some myeloma cell lines 
show proliferation and survival independent of 
the presence of Il-6 in the growing medium, so 
although IL-6 does appear to be important in 
myeloma pathogenesis, it is not the sine qua non 
of the myeloma cell. This is reflected in disap-
pointing results reported of clinical trials of IL-6 
blockade. The IFM 99-03 trial randomised 166 
patients to receive a murine anti-IL-6 monoclonal 
antibody (BE-8) or placebo as part of a tandem 
transplant trial in patients defined as high 
risk(Moreau et al. 2006). No difference was seen 
in OS or EFS, although this may have been due 
to the efficiency of the IL-6 inhibition with this 

particular agent. Another monoclonal antibody 
directed against IL-6 (CNTO 328) has been pro-
duced which, when used as monotherapy in 
relapsed patients, produced a PR in 3/13 patients 
(Kurzrock et al. 2008). As with the majority of 
novel agents, synergy with existing agents is 
likely to be where any clinical utility lies, and 
augmentation of bortezomib’s effect has been 
demonstrated in vitro. Preliminary results of the 
combination of CNTO 328 and bortezomib 
demonstrated a 57% response rate in 21 relapsed 
patients (Rossi et al. 2008), and on this basis, a 
phase III study randomising to bortezomib +/− 
CNTO 328 is underway.

8.3.1.2  
 Insulin-Like Growth Factor-1 (IGF-1)

Binding of IGF-1 to its receptor on the myeloma 
cell induces activation of the Ras/Raf/MEK/
MAPK, P13K/Akt pathways, and indirectly the 
NF-kB pathway, contributing to proliferative and 
anti-apoptotic cell signalling (Qiang et al. 2002). 
It has also been shown to inhibit the anti-myeloma 
activity of dexamethasone, cytotoxic chemother-
apy and bortezomib providing the rationale for 
antagonism of IGF-1 to augment the response to 
these agents (Mitsiades et al. 2002, 2004). IGF-1 
has been suggested to be a prognostic factor with 
low levels (<13 nmol/l) being associated with a 
median prognosis that has not been reached at 
80 months (Standal et al. 2002). There is good 
evidence that it plays a role in myeloma 
pathogenesis and is therefore a valid drug tar-
get. Inhibition of the IGF-1 receptor has been 
achieved with monoclonal antibodies that block 
IGF-1 binding, and by tyrosine kinase inhibitors, 
with both approaches showing in vitro activity 
(Maiso et al. 2008). Clinical data is available on 
two monoclonal antibodies; AVE1642 was 
administered to 14 patients with relapsed disease 
and was well tolerated, although no objective 
responses were recorded (Moreau et al. 2007). 
CP-751,871 was given to 47 patients either 
as monotherapy, or with dexamethasone or 
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 rapamycin. Of the 27 patients that received the 
combination of the antibody and steroids, 2CRs 
and 4PRs were recorded. Interestingly, the patients 
with the CRs had previously been classified as 
refractory to dexamethasone which may provide 
some evidence for uncoupling of cell adhesion-
mediated drug resistance (CAMDR) pathways 
through IGF-1 inhibition (M Lacy et al 2007).

8.3.1.3  
 Fibroblast Growth Factor (FGFR3)

Fifteen percent of primary myeloma samples 
have the t(4;14) which results in the dysregula-
tion of two genes; fibroblast growth receptor 3 
(FGFR3) and MMSET, and leads to ectopic 
expression of the FGFR3 tyrosine kinase recep-
tor. This cytogenetic subgroup has a particularly 
poor prognosis, so finding a treatment that spe-
cifically targets this group is attractive. bFGF 
has been shown to be secreted by myeloma cells 
and is important in tumour angiogenesis. It 
upregulates production of IL-6 by bone marrow 
stromal cells, so will feed back to augment the 
growth and survival pathways in the tumour. 
Similarly, IL-6 has been shown to increase 
bFGF production, so there is a paracrine mutual 
stimulatory circuit in place (Bisping et al. 2003). 
Multiple tyrosine kinase inhibitors active against 
the FGFR3 receptor have been shown to be 
active against myeloma cells in vitro and in 
murine myeloma models, including PRO-001, 
TKI 258 (CHIR-258), PKC-412, ENMD-981693 
and XL999 (Chen et al. 2004; Trudel et al. 2005, 
2006, 2007; Hembrough et al. 2007). Clinical 
data is available on only one molecule, AB1010, 
which produced two responses in 19 patients 
(Arnulf et al. 2007).

8.3.1.4  
 Vascular Endothelial Growth Factor (VEGF)

As well as its role in tumour angiogenesis, VEGF 
has been demonstrated to be involved in cell 

migration via the P13K/AKT pathway, prolifera-
tion via the MEK/ERK pathway and survival 
through upregulation of mcl-1 (Podar and 
Anderson 2005). Increased bone marrow angio-
genesis has been linked to poor outcome in 
myeloma, and although VEGF has not been 
directly linked to prognosis, it makes an attractive 
therapeutic target. Tyrosine kinase inhibitors that 
block the VEGF receptor, and anti-VEGF anti-
bodies have both demonstrated efficacy in cell 
line experiments and mouse models of myeloma 
(Podar et al. 2004, 2006; Campbell et al. 2006). 
One of these molecules, pazopanib (GW786034), 
was shown to be ineffective as monotherapy in 
relapsed myeloma patients (Prince et al. 2007). A 
humanised monoclonal antibody targeting VEGF 
(Bevacizumab) has been used in two small phase 
II trials, combined with lenalidomide and dexam-
ethasone with responses reported in 7 out of 10 
patients (Raschko et al. 2007) and in combination 
with thalidomide (Somlo et al. 2005). Larger tri-
als will be needed to ascertain if inhibition of 
VEGF adds value to existing immunomodulatory 
drug regimens.

8.3.1.5  
 Platelet Derived Growth Factor Receptor b (PDGFRb)

Dasatinib is a tyrosine kinase inhibitor that has 
activity against a number of receptor and non-
receptor kinases, including bcr-abl, Src family 
kinases, c-KIT, PDGFRb and FGFR3. FGFR3 
is known to be of relevance in the t(4;14) group 
of patients, whilst PDGFRb and c-Src have 
recently been identified as being constitutively 
activated in the plasma cells and endothelial 
cells of myeloma patients, and to mediate the 
release of pro-angiogenic factors such as VEGF 
(Coluccia et al. 2008). Dasatinib may target 
myeloma primarily through these receptor 
kinases, and it has been shown to inhibit tumour 
growth and angiogenesis in vitro and in 
myeloma mouse models. Early results of a 
phase II trial using dasatinib at the same dose as 
is used in chronic phase chronic myeloid 
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8  leukaemia (70 mg BD) showed that it was rea-
sonably well tolerated. No responses were 
reported at that dose, although the trial was 
ongoing with a planned dose increase (Wildes 
et al. 2007).

8.3.1.6  
 CD40 Ligand

Binding of CD40 ligand to its receptor triggers 
myeloma cell proliferation via p53-dependant 
pathways and migration via P13K/Akt and 
NF-kB signalling (Tai et al. 2003). CD40 also 
mediates cell binding to fibronectin, and there-
fore drug resistance mechanisms, in a similar 
way to SDF-1. Blockade of CD40 ligand bind-
ing with a monoclonal antibody (SGN40) has 
been shown to induce apoptosis in cell line 
experiments, to inhibit proliferation stimulated 
by IL-6 but not IGF-1 and to be augmented by 
lenalidomide (Tai et al. 2004, 2005). A second 
monoclonal antibody, XmAb5485, has been 
shown to induce potent antibody-dependant 
cell-mediated cytotoxicity against myeloma 
both in vitro and in mouse tumour models 
(Zhukovsky et al. 2008).

8.3.1.7  
 B-Cell Activating Factor (BAFF) and a Proliferation-
Inducing Ligand (APRIL)

These two TNF family members have a similar 
structure and share receptor targets, BAFF 
interacting with transmembrane activator and 
calcium modulating cyclophilin ligand interac-
tor (TACI), B-cell maturation antigen (BCMA) 
and B-cell activating factor receptor (BAFF-R), 
whilst APRIL can only bind to TACI and 
BCMA. Through these receptors, they stimulate 
Ras/Raf/MEK/MAPK, P13K/Akt and NF-kB 
signalling and have been shown to mediate ste-
roid resistance in this way (Moreaux et al. 
2004). They constitute possible drug targets.

8.3.1.8  
 TNF-Related Apoptosis-Inducing Ligand (TRAIL)

TRAIL ligands induce apoptosis in myeloma 
cells. This effect is inhibited by osteoprotegerin 
produced by osteoblasts, another example of pro-
survival pathways mediated by the bone marrow 
milieu. However, this effect has been overcome by 
stimulating the TRAIL death receptor with ago-
nists of DR4 or 5, and stimulation of this pathway 
has potential therapeutic implications (Locklin 
et al. 2007). Monoclonal TRAIL agonists such as 
LBY135 exist and have shown synergy with other 
agents (Khong and Spencer 2007).

8.3.1.9  
 Fas

The stimulation of Fas receptor by Fas Ligand pro-
motes caspase-dependant apoptotic signalling. 
APO010 is a recombinant form of Fas ligand which 
has been shown to have preclinical anti-myeloma 
activity against cell lines, and to inhibit tumour 
growth in mouse models (Ocio et al. 2007). It has 
been taken forward into phase I clinical trials.

8.3.1.10  
 p38 mitogen-activated protein kinase (MAPK)

p38 MAPK mediates the production of multiple 
cytokines including IL-1, IL-6, TNFalpha, 
VEGF and MIP-1alpha. p38 MAPK has been 
targeted by the agent SCIO-469 which decreases 
constitutive p38a MAPK phosphorylation, with 
downstream effects of inhibition of HSP27 and 
upregulation of p53 (Navas et al. 2006; 
Vanderkerken et al. 2007). In cell line experi-
ments, it has been shown to augment bortezomib 
activity, whilst in myeloma mouse models, it 
reduced tumour size and paraprotein levels whilst 
reducing angiogenesis and having a  beneficial 
effect on destructive bone disease (Hideshima 
et al. 2004). A phase II trial has been reported 
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which started relapsed refractory patients on 
SCIO-469 monotherapy and then instituted bort-
ezomib for patients with no response (Siegel 
et al. 2006). Of 62 patients treated, the best 
responses to monotherapy were stable disease in 
24%. Combination therapy produced a PR in 
26% of patients, including 4 who had previously 
been classed as bortezomib refractory. Prelimi-
nary work has been done on a second agent, 
LY2228820, which showed similar effects of 
decreased HSP27 activation, modest cytotoxic-
ity as monotherapy but synergism with borte-
zomib, and inhibition of tumour growth and 
osteoclastogenesis in mouse models, suggesting 
that this class of drug may have a beneficial effect 
on skeletal disease (Ishitsuka et al. 2008).

8.3.2  
 Targeting Myeloma Cell Adhesion Molecules

8.3.2.1  
 Stromal Cell Derived Factor-1 (SDF-1)

SDF-1a is produced by both myeloma and 
stromal cells, and through binding to its recep-
tor CXCR4 (CD184), it plays a critical role in 
up-regulating binding of myeloma cells to 
stromal cells and fibronectin. An inhibitor to 
CXCR4 has been developed which has been 
used to enhance the mobilisation of CD34+ 
cells for harvesting prior to autologous transplant. 
AMD3100 has been shown to effectively mobi-
lise stem cells from 71% of myeloma patients 
who have previously failed peripheral stem cell 
harvesting with chemotherapy and growth fac-
tor stimulation, thus giving the option of the 
proven benefit of autologous transplantation to 
a significant number of patients who would 
previously have been denied this treatment 
(Calandra et al. 2008). However, of equal inter-
est may be the role of this agent in sensitising 
myeloma cells to other chemotherapy agents by 
disrupting their interaction with the protec-
tive environment of the bone marrow milieu. 

AMD3100 does not induce apoptosis of tumour 
cells by itself. However, cell lines that are resis-
tant to bortezomib, dexamethasone, melphalan 
and doxorubicin in the presence of stromal cells 
become sensitised to these agents in the pres-
ence of AMD3100. In a murine model, mice 
treated with the combination of AMD3100 and 
bortezomib show a higher rate of tumour regres-
sion than those treated with bortezomib alone, 
with circulating apoptotic myeloma cells pres-
ent in the circulation (Azab et al. 2009). There 
is one report of AMD3100 stimulating plasma 
cell proliferation (Kim et al. 2008) so careful 
evaluation of this agent will be required in clini-
cal trials, but it has promise as an agent to over-
come CAMDR.

8.3.2.2  
 Cell Surface 1 Surface Antigen (CS1)

CS1, a member of the immunoglobulin gene 
superfamily, is universally and highly expres-
sed on myeloma cells, where it has been shown 
to function as a cell adhesion molecule. A 
humanised monoclonal antibody (Elotuzu mab 
(HuLuc63)) with CS1 specificity has been pro-
duced and has been shown in preclinical trials 
to decrease bone marrow stromal adherence 
and to induce antibody-dependant cell cyto-
toxicty (Tai et al. 2008). This effect was 
 augmented by dexamethasone and other che-
motherapies in dexamethasone resistant cell 
lines, suggesting a possible role in sensitisa-
tion of tumours to other agents. In mouse 
xenograft models, it showed significant anti-
tumour activity. Early results of a phase I trial 
showed no clinical responses at the first dose 
level, although pharmacokinetic investigations 
suggested that higher doses will be needed to 
maintain the drug concentration at the mini-
mal biological activity level defined in the 
mouse models (Bensinger et al. 2007). Dose 
finding studies are also exploring the feasibi-
lity of its combination with lenalidomide and 
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8  dexamethasone (Singhal et al. 2009) and with 
 bortezomib (Jakubowiak et al. 2009). A con-
cern for this drug, and anti-CD56 treatments, is 
that the NK cell cytotoxic anti-tumour effect 
may be inhibited as both of these markers are 
present in high numbers on NK cells.

8.3.2.3  
 CD56

CD56 (neural cell adhesion molecule) is pres-
ent on the surface of the plasma cells of ~70% 
of patients with myeloma. It has a role in 
myeloma cell adhesion to the bone marrow 
stroma, and lack of expression of CD56 has 
previously been linked to extramedullary dis-
ease, plasma cell leukaemia and an aggressive 
clinical phenotype (Pellat-Deceunynck et al. 
1998). However, recent analysis of a large 
series of myeloma patients showed that the 
presence or absence of CD56 had no effect on 
overall survival. (Mateo et al. 2008). There are 
two approaches to targeting cell surface mole-
cules such as CD56 with monoclonal antibod-
ies. One is to use the antibody to block binding 
of the surface receptor to its ligand to make the 
cell more immunogenic and therefore trigger 
antibody dependant cell cytotoxicity (ADCC). 
The second is to use the monoclonal antibody 
as a vehicle for delivery of toxins to the cell, in 
which case the cell surface marker should be 
chosen on the basis of being highly expressed in 
the malignant clone, but present in small num-
bers in the surface of normal cells in the hae-
mopoietic compartment and in other tissues. 
This approach is taken by IMGN901 (huN901-
DM1) which is a hum anised monoclonal anti-
body conjugated with the cytotoxic agent 
maytansinoid. Once bound to CD56, the anti-
body is internalised to release the cytotoxic 
agent within the cell. Eighteen patients with 
CD56+ disease have received the antibody in a 
phase I trial, with three MRs recorded (Chanan-
Khan et al. 2008).

8.3.2.4  
 CD38

CD38 is a transmembrane glycoprotein involved 
in cell adhesion and calcium mobilisation. It is 
almost universally present on the surface of 
myeloma cells and is present in much lower 
numbers on other haemopoietic cells so is there-
fore an obvious targets for the delivery of immu-
notoxins. Indeed, an anti-CD38 monoclonal 
antibody conjugated to an analogue of ricin was 
one of the earliest attempts at delivering targeted 
treatment to the myeloma cell (Goldmacher 
et al. 1994). Although preclinical data looked 
promising with effective killing of myeloma 
cells with minimal cross-reactivity with hae-
mopoietic cells, it did not lead on to clinical 
applications. More recently newer antibodies 
have been produced with the aim of instigating 
ADCC, and although limited preclinical data is 
available on these agents, one (SAR650984) has 
been shown to have an effect in mouse xenograft 
models (Stevenson 2006; Park et al. 2008).

8.3.2.5  
 CD138

CD138 is another cell surface molecule that is 
almost universally expressed on myeloma cells. 
There is recent preclinical data on nBT062, a 
monoclonal antibody conjugated to maytansi-
noid, with promising in vitro results and effi-
cacy in mouse xenograft models (Ikeda et al. 
2008).

8.3.2.6  
 CD66

CD66 has been shown to be co-expressed with 
CD38 in nearly all patients with myeloma 
(Richardson et al. 2008). It has been used in a novel 
way to deliver targeted radiotherapy to pati ents 
before stem cell transplantation. A monoclonal 
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antibody conjugated to yttrium-90 has been 
infused as part of the conditioning therapy prior to 
high dose melphalan in a phase I study and was 
shown to be well tolerated with no significant 
increase in time to engraftment (Orchard et al. 
2008). Focal uptake of the antibody was seen in 
two patients suggesting that in vivo tumour tar-
geting was occurring. This is a novel method of 
delivering up to 25 Gy of radiotherapy to the bone 
marrow with minimal additional toxicity.

8.3.3  
 Targeting the Host Immune System

8.3.3.1  
 Immunomodulatory Drugs (IMiDs)

Thalidomide and its analogues lenalidomide 
and pomalidomide are collectively known as 
the immunomodulatory agents. They share 
similar mechanisms of action, although they 
have differing potencies and slightly different 
side effect profiles. Firstly, they directly acti-
vate apoptotic signalling in the myeloma cell. 
This is primarily achieved through capsase 8 
mediated pathways, but the IMiDs also affect 
the cell at the mitochondrial level, causing 
c-jun terminal kinase (JNK) dependant release 
of cytochrome-c and Smac into the cytoplasm, 
where they regulate other cell survival path-
ways to mediate apoptosis (Anderson 2005). 
Secondly, they increase NK cell number and 
function to augment the host immune response 
against the tumour. Thalidomide has been 
shown not to stimulate T cells alone, but to act 
as a co-stimulator to trigger proliferation of 
anti-CD3 stimulated T cells. They cause nuclear 
factor of activated T-cells 2 and activator pro-
tein 1 to translocate to the nucleus via activa-
tion of P13K signalling pathways, resulting in 
increased IL-2 and IF-g secretion. The end 
result is increased NK cell numbers, and 
increased antibody-dependant cell cytotoxicity 
(Davies et al. 2001; Hayashi et al. 2005). 

Thirdly, they decrease the secretion of key 
cytokines such as IL-6, TNF-a, VEGF and 
IGF-1 from bone marrow stromal cells, and in 
this way affect multiple downstream signalling 
pathways including NF-kB. The net result of 
these mechanisms is decreased angiogenesis, a 
decrease in the supportive and protective effect 
of the bone marrow milieu including reduced 
cell adhesion-mediated drug resistance, a 
decrease in multiple intracellular growth and 
proliferation pathways, a direct triggering of 
apoptosis and augmentation of the host cell-
mediated anti-tumour immune response.

Thalidomide

Since it was withdrawn from the market in 1961 
following its implication as the causative factor 
in phocomelia, thalidomide has enjoyed a revival 
based on the same anti-angiogenic properties 
that cause its most serious side effect, first as a 
treatment for erythema nodosum associated with 
leprosy, and more recently as an effective treat-
ment for myeloma. The seminal study of thali-
domide in myeloma treated 84 relapsed/
refractory patients with a dose starting at 200 mg/
day and increasing to 800 mg/day, a higher dose 
than that employed in most regimens today. A 
32% response rate was observed (Singhal et al. 
1999). A recent 10 year update on this study, 
which was expanded to include 169 patients, 
showed that 17 are still alive with ten remaining 
event free (van Rhee et al. 2008). Subsequent 
trials have demonstrated superior response rates 
when used with dexamethasone and highlighted 
some potentially serious side effects such as 
peripheral motor and sensory neuropathy and 
deep vein thrombosis (Rajkumar et al. 2006). 
The addition of thalidomide to the commonly 
used regimen of melphalan and prednisolone for 
patients not deemed suitable for autologous 
transplantation has been demonstrated to pro-
long progression free and overall survival in a 
large randomised phase III trial (Palumbo et al. 
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8 2006). Based on this data, thalidomide, usually 
in combination a steroid and an alkylator, has 
become a commonly used regimen both as 
induction prior to autotransplantation and as 
therapy for elderly patients, based on proven 
improved response rates in the former and 
proven improved survival in the latter. However, 
in an attempt to increase potency and to reduce 
side effects, analogues have been produced 
which may eventually supersede thalidomide.

 Lenalidomide (CC-5013)

Structurally, lenalidomide has the same back-
bone as thalidomide, but with the addition of an 
amino (NH2) group and the removal of a carbo-
nyl (C = O) group from the phthaloyl ring. It has 
good oral bioavailability when administered as 
a once daily dose, with renal drug excretion of 
the unmetabolised drug. Care is therefore 
needed in administering lenalidomide to patients 
with severe renal impairment to avoid drug 
accumulation and toxicity, and a recommended 
dosing system for patients with severe renal 
impairment based on pharmacodynamic studies 
has been proposed (Chen et al. 2007). The main 
potential side effects of this drug are similar to 
thalidomide, but it has more of a propensity for 
causing bone marrow suppression with result-
ing neutropenia, so is generally administered 
for 21 days followed by a rest week in order to 
allow for recovery of blood counts.

The evidence for efficacy of lenalidomide in 
relapsed myeloma patients comes from two 
large phase III trials of essentially identical 
design involving 705 patients in total (MM-009 
and MM-010) which were reported in the same 
issue of the New England Journal of Medicine 
(Dimopoulos et al. 2007; Weber et al. 2007). 
Both trials involved the administration of dex-
amethasone 40 mg once daily, initially for 
D1–4, 9–12, 17–20 for 4 months and then D1–4 
only. To this was added either lenalidomide 
25 mg for 21/28 or placebo. Both trials had very 
similar results with significantly increased 

overall response rates in the lenalidomide group 
(MM-009:61% vs 20%, p<0.001; MM-010: 
60% vs 24%, p<0.001), increased time to pro-
gression (MM-009 and MM-010: 11 months vs 
5 months, p<0.001) and improved OS (MM-
009: 30 months vs 20 months, p<0.001; 
MM-010: not reached vs 20 months, p=0.03). 
The high rates of thromboembolism in this and 
subsequent trials containing the combination of 
lenalidomide and dexamethasone mean that 
some form of thromboprophylaxis is considered 
mandatory. Taken together, these trials were 
proof that lenalidomide improves response and 
survival rates in relapsed myeloma patients 
when used with dexamethasone. Several sub-
group analyses from these trials have been 
reported. Given the similar structures of thali-
domide and lenalidomide, it was important to 
establish whether patients who had previously 
received thalidomide derived benefit from sub-
sequently being treated with lenalidomide. Of 
the 704 patients in the two pooled trials, 39% 
had previous exposure to thalidomide. The tha-
lidomide naïve group had experienced less lines 
of therapy and a shorter duration of living with 
myeloma. Thalidomide exposed patients treated 
with lenalidomide showed higher response rates 
and longer PFS compared to the placebo group, 
although the PFS was less than in those treated 
with lenalidomide who were thalidomide naïve. 
There was no difference in survival based on 
previous thalidomide exposure (Wang et al. 
2008a). Another interesting subgroup analysis 
suggested that patients who required a steroid 
reduction had superior response and survival 
rates compared to those who continued on dex-
amethasone 40 mg (San-Miguel et al. 2007).

Further trials have since been carried out 
combining lenalidomide with a variety of other 
agents in the relapsed setting including alkylat-
ing agents, anthracyclines and bortezomib, with 
various response rates (Baz et al. 2006; Morgan 
et al. 2007; Richardson et al. 2007a). Its use has 
also been reported in newly presenting patients 
with promising results. Used in combination 
with dexamethasone in an early phase II trial a 
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91% response rate was reported in 34 patients 
(Rajkumar et al. 2005). The same group is con-
ducting a larger, randomised trial comparing 
lenalidomide in combination with high or low 
dose dexamethasone. The final results of this 
are not available, but preliminary results were 
published that showed a significantly higher OS 
in the low dose steroid group at 18 months fol-
low-up (91% vs. 80% in 445 randomised 
patients) (Rajkumar et al. 2007). This is the sec-
ond large trial to show a poorer outcome with 
high dose steroids in combination with lenali-
domide than with low dose steroids, an effect 
probably attributable to increased infection 
rates in the high dose group. A large trial com-
bining lenalidomide with melphalan and pred-
nisolone in elderly patients is also underway, 
the preliminary results of which were encourag-
ing (Palumbo et al. 2007). Like all novel agents, 
lenalidomide’s role in new and relapsed patients 
requires further elucidation by well-conducted 
randomised trials, buts its potential efficacy in 
both these setting is proven.

Pomalidomide (CC4047)

Although there are several other IMiDs in 
development, pomalidomide is the only one 
with published clinical trial data at present. It 
has been shown to have efficacy in phase I 
trials, with a 50% response rate being reported 
in 20 relapsed patients treated with oral 
pomalidomide monotherapy (Streetly et al. 
2008). A phase II trial using pomalidomide in 
combination with high-dose dexamethasone 
showed a 62% response rate in 37 relapsed 
patients. Neutropenia was the most common 
serious adverse event. Of interest, four patients 
who had previously been classed as refrac-
tory to lenalidomide showed responses (Lacy 
et al. 2008). Also reported are responses to 
thalidomide in patients who have progressed 
on pomalidomide therapy, supporting the 
notion that cross-resistance between the 
IMiDs is not absolute (Mughal et al. 2009).

8.3.4  
 Targeting Bone Disease

Myeloma bone disease is due to an imbalance 
between bone resorption by osteoclasts and new 
bone formation by osteoblasts. Myeloma cells 
produce osteoclast activating factors such as 
receptor activator of nuclear factor-kappa B 
ligand (RANKL), macrophage inflammatory 
protein-1a (MIP-1a) and IL-6. Conversely, 
osteoblast activity is suppressed by cytokines 
such as dikkopf-1 (DKK1), frizzled-related pro-
tein 2, IL-7 and IL-3 (Roodman 2008). This tips 
the balance towards bone resorption, resulting 
in the osteoporosis and lytic lesions that charac-
terise destructive myeloma bone disease, but it 
also provides several targets whose manipula-
tion may alter this balance. There is some evi-
dence that novel agents such as proteasome 
inhibitors and IMiDs have a direct effect on 
bone disease that is supplementary to the bene-
ficial effect of tumour bulk reduction. Bortezomib 
has been shown to induce the differentiation of 
mesenchymal stem cells into osteoblasts 
(Mukherjee et al. 2008), and responding patients 
in the APEX trial were shown to have increases 
in their serum alkaline phosphatase levels as a 
marker of increased osteoblastic activation 
(Zangari et al. 2007). The new IMiDs such as 
lenalidomide and CC-4047 have been shown to 
alter the balance of bone resorption by inhibit-
ing osteoclast formation (Anderson et al. 2006; 
Breitkreutz et al. 2008). The effects of these 
new drugs on bone disease are welcome side 
effects of drugs whose primary role is to reduce 
tumour burden, whilst bisphosphonate therapy 
is currently the standard of care for prevention 
of bone lesions. However, although bisphos-
phonates have been proven to reduce skeletal 
events, primarily vertebral crush fractures, these 
events still occur at a higher rate than in an age-
matched population, which will become more 
relevant as myeloma patients live for longer 
with improved therapies. This fact, and concern 
over bisphosphonate side effects such as 
osteonecrosis of the jaw, means that there 
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8 remains a role for novel agents to specifically 
target myelomatous bone disease. Agents that 
disrupt the abnormal osteoclast/osteoblast bal-
ance in myeloma have the potential to make the 
bone marrow niche a less conducive place for 
myeloma cells to thrive, and there is hope that 
these agents could inhibit myeloma cell growth 
and there is hope that these agents could inhibit 
myeloma cell growth as well as improving rates 
of skeletal related events. Evidence of this effect 
comes from the MRC Myeloma IX trial, where 
patients were randomised to an oral bisphos-
phonate, clodronic acid, or an intravenous bis-
phosphonate, zoledronic acid. Zoledronic acid 
decreased skeletal events, but also reduced mor-
tality by 16%, resulting in an extension of 
median OS by 5.5 months (p=0.04) Morgan GJ 
et al. 2007. It is likely that in the future the treat-
ment of myelomatous skeletal disease may 
involve combination therapy, incorporating a 
bisphosphonate with one of the agents men-
tioned below.

8.3.4.1  
 Receptor Activator of NF-kB Ligand (RANKL)

RANKL is a potent stimulator of osteoclasto-
genesis, but in the normal bone marrow milieu, 
its effects are largely blocked by its decoy 
receptor osteoprotegrin (OPG) which is present 
in higher numbers than RANKL. This balance 
is upset in myeloma as OPG is decreased which 
tips the balance in favour of osteoclast mediated 
bone resorption. Denosumab (AMG162) is a 
humanised monoclonal antibody that binds to 
RANKL and neutralises it in a similar way to 
endogenous OPG, tipping the balance back in 
favour of osteoblastic bone formation. It has 
been shown to increase bone mineral density in 
osteopenic post-menopausal women in a large 
phase III trial, where it was given either 3 
monthly or 6 monthly (McClung et al. 2006). 
There is some thought that bone destruction 
leads to the release of factors that promote 

myeloma cell growth, and animals treated with 
denosumab have shown decreased paraprotein 
levels and prolonged survival. However, pre-
liminary data from a phase II study of deno-
sumab in plateau phase or relapsed myeloma 
showed no impact on disease burden, (Vij et al. 
2007). A phase III trial in myeloma patients is 
underway, the results of which are likely to be 
available within a year.

8.3.4.2  
 Dickkopf-1 (DKK1) and Wingless/int (Wnt)

Wnt/b-catenin signalling plays a central role in 
bone homeostasis through promotion of osteo-
blast differentiation. It may also regulate OPG 
expression and therefore impact on RANKL 
mediated osteoclastogenesis. DKK1 inhibits 
Wnt by binding to its co-receptor lipoprotein-
related protein 5 (LRP5). Plasma cells from 
patients without myeloma, and from patients 
with MGUS do not express DKK1, whereas it is 
found in high levels in myeloma bone marrow 
samples, making it likely to be a key player in 
the development of myeloma bone lesions 
(Yaccoby et al. 2007). Treating mice with an 
anti-DKK1 antibody (BHQ880) was shown to 
prevent the normal inhibition of osteoblasts 
seen in myeloma, although no change in osteo-
clast numbers was seen. Treatment resulted in 
decreased numbers of osteolytic bone lesions 
and a 25% increase in new bone formation 
(Yaccoby et al. 2007; Heath et al. 2009). This 
agent is in trials in osteoporosis, and a trial in 
myeloma is being planned.

8.3.4.3  
 Macrophage Inflammatory Protein 1-a (MIP-1a)

MIP-1a (also known as chemokine-chemokine 
ligand 3 (CCL3)) is another inflammatory 
cytokine released by myeloma cells that upreg-
ulates the number and function of osteoclasts. It 
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is present in high levels in patients with signifi-
cant myeloma bone disease, and its production 
has been shown to be upregulated by interac-
tions between myeloma cells and stromal cells 
via VCAM-1 (Hashimoto et al. 2004; Abe et al. 
2009). Binding of MIP-1a to its receptor CCR1 
has been shown to stimulate osteoclast forma-
tion independently of RANKL, and to induce 
myeloma cell migration and proliferation via 
the Akt pathway. MLN3897 is a specific antag-
onist of CCR1 which has demonstrated in pre-
clinical data a 40% decrease in osteoclast 
number and a 70% decrease in osteoclast func-
tion, as well as affecting myeloma cell migra-
tion and adhesion (Vallet et al. 2007). It is 
currently in phase II trials in rheumatoid arthri-
tis and multiple sclerosis, and warrants further 
examination in myeloma bone disease.

8.3.4.4  
 Activin A

Activin A is a member of the TNF-a superfam-
ily. It is produced by bone marrow stromal cells 
and its expression has been found to be increased 
fourfold in myeloma patients with multiple 
bone lesions compared to those with one or less 
lesions (Vallet et al. 2008). ACE-011 is a clini-
cal grade Activin A inhibitor that has been 
shown to stimulate osteoblast differentiation 
and inhibit osteoclastogenesis in vitro, and to 
inhibit myeloma cell growth in vivo. A single 
dose reduced markers of bone resorption in 
postmenopausal women (Ruckle et al. 2008).

8.4  
 Conclusion

Steroids and alkylating agents have formed the 
backbone of myeloma therapy for decades, with 
other conventional agents such as anthracy-
clines, platinum drugs and vincristine adding 

minimal additional benefit. As a result, patient 
outcomes showed little real improvement until 
recently, with the most important breakthrough 
being proof of dose escalation as opposed to 
drug discovery. This has changed in the last 
decade with the advent of the IMiDs and borte-
zomib. These drugs came to be used in myeloma 
through very different routes, thalidomide hav-
ing been in existence for over 50 years and 
 utilised for myeloma because of its known anti-
angiogenic properties, whilst bortezomib was 
designed in the laboratory specifically to target 
myeloma through inhibition of the proteasome. 
Thalidomide, lenalidomide and bortezomib 
have widened the treatment options for both the 
newly presenting and the relapsed patient. All 
these drugs have been proven to improve 
responses in both newly presenting and relapsed 
patients. Optimum combinations of these agents 
within regimens, and optimum sequencing of 
regimens are points for debate and will be cov-
ered in other chapters.

Bortezomib could be viewed as especially 
successful as it arose directly from laboratory 
research into myeloma cell biology, being 
designed to fit a specific target. As such it has 
formed a template for the design of other novel 
agents, with upregulated pathways being 
defined within the plasma cell and then targeted 
with a specific agent. There has been a huge 
expansion in research in myeloma molecular 
biology in the last decade which has led to a 
long list of potential drug targets within the cell. 
Increasing understanding of the role that the 
bone marrow microenvironment plays in pro-
moting myeloma cell survival and drug resis-
tance has also led to the definition of targets 
outside the myeloma cell. As a result of this 
expansion in knowledge of cell biology, there 
are now a huge number of novel agents in phase 
I and phase II trials. The current challenge in 
myeloma therapy is to build on the success of 
IMiDs and proteasome inhibitors and fit some 
of these promising new agents into current 
treatment paradigms.
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8 The best results in these early phase trials 
have been seen with new analogues of existing 
drugs, i.e. new proteasome inhibitors and new 
IMiDs. Other truly new agents have so far been 
relatively disappointing when used as mono-
therapy. This is maybe not surprising given the 
specific nature of some of these drugs. Myeloma 
is a biologically heterogeneous disease and is 
the end product of dysregulation of multiple dif-
ferent pathways in individual patients. It is cur-
rently drugs that have quite a broad spectrum of 
action that are the most effective, such as pro-
teasome inhibitors which affect not only the 
NF-kB pathway but also all other proteins that 
are degraded by the proteasome. Until we have 
better technology to define dysregulated path-
ways within the individual patient, drugs which 
have multiple targets such as HSP90 inhibitors 
are most likely be clinically effective in a group 
of patients. Novel agents that do find their way 
into clinical practise are likely to do so because 
they demonstrate synergism with existing 
agents or uncouple drug resistance mechanisms 
to existing agents. Because these new drugs are 
not conventionally cytotoxic, they are likely to 
have non-overlapping side effects so may be 
suited to being used in combination regimens. 
To put things into context, one has to remember 
that both thalidomide and bortezomib showed 
response rates of 30–40% when used as mono-
therapy in relapsed patients, which is the con-
text that most new drugs are introduced. 
However, when combined with steroids and 
alkylating agents the response rates double. 
There is often in vitro evidence of synergy for 
these new agents and existing agents that pro-
vide rationale for certain combinations. 
Treatment of a myeloma cell with bortezomib, 
for example, is known to result in activation of 
the unfolded protein response; blocking this 
escape mechanism with heat shock protein 
inhibitors may therefore augment response to 
bortezomib. This, and other combinations of 
novel agents, will need careful evaluation in 
well-designed randomised trials with the 

addition of novel agent or placebo to existing 
gold standard treatments.
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Abstract High dose therapy (HDT) with autol-
ogous stem cell transplantation (ASCT) is the 
standard of care for eligible newly diagnosed 
MM patients. Several randomized studies dem-
onstrated a survival advantage for patients 
undergoing transplantation, compared with con-
ventional chemotherapy. Introduction of new 
drugs in this setting have markedly increased 
survival rates within the last 10 years. Efforts to 
further improve response rates and survival in 
those patients are still needed, mainly by increas-
ing the depth of tumor reduction and the 
duration of response through more effective 
induction, consolidation and maintenance thera-
pies. Nevertheless, this approach is currently 
challenged by the promising results of long-
term treatment with novel agents.  Recent data 
suggest that the upfront combination of a pro-
teasome inhibitor plus one immunomodulatory 
drug (IMiD) is highly effective. The most prom-
ising 3-drug association might be Bortezomib, 
Lenalidomide and dexamethasone (VRD).  
Adjunc tion of a 4th drug is not proven to be more 
efficient. Consolidation and maintenance thera-
pies are emerging in all trials with great results. 
For elderly patients, or not eligible for ASCT, the 
introduction of novel agents has also changed 
the management of the disease. Melphalan-
prednisone-thalidomide and bortezomib-
melphalan-prednisone are the two standards  
of care. Current trials are challenging the role 
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9 of alkylators in the frontline setting. Maintenance 
therapy is also undergoing evaluation.

The treatment of newly diagnosed multiple 
myeloma (MM) patients has been highly modi-
fied during the last decade. The availability of 
the novel agents like thalidomide, bortezomib, 
and lenalidomide has expanded treatment 
options and has improved the outcome of 
patients with MM. Following the introduction of 
these agents in the relapsed/refractory setting, 
they reached the initial treatment of MM. A 
number of phase II and III trials have demon-
strated the efficacy of novel agent combinations 
both in the transplant and non transplant settings, 
and based on these results standard frontline 
regimens are being challenged and modified.

Patients with symptomatic MM require treat-
ment (International Myeloma Working Group 
2003). The choice of initial therapy depends on 
eligibility for high-dose therapy (HDT) and autol-
ogous stem cell transplantation (ASCT), deter-
mined by age, performance status, and coexisting 
comorbidities. All patients under 65 years of age 
should be evaluated at diagnosis for transplant eli-
gibility. Melphalan-containing regimens should 
be avoided as induction therapy in transplant can-
didates in order to preserve hematopoietic stem 
cells. For others, melphalan-prednisone-thalido-
mide (MPT) and melphalan-prednisone-borte-
zomib (MPV) currently appear to be the treatments 
of choice, but other combinations without alkylat-
ing agents could provide good options.

9.1 
 Frontline Treatment in MM Patients Eligible 
for High-Dose Therapy

HDT with ASCT is the standard of care for eli-
gible newly diagnosed MM patients following 
the results of several randomized studies that 
demonstrated a survival advantage for patients 

undergoing transplantation, compared with 
 conventional chemotherapy (Attal et al. 1996; 
Child et al. 2003; Blade et al. 2005; Fermand 
et al. 2005; Barlogie et al. 2006a). Introduction 
of new drugs in this setting has markedly 
increased survival rates within the last 10 years. 
Efforts to further improve response rates and 
survival in those patients are still needed, mainly 
by increasing the depth of tumor reduction and 
the duration of response through more effective 
induction, consolidation, and maintenance ther-
apies. Nevertheless, this approach is currently 
challenged by the promising results of long-
term treatment merely with novel agents.

This chapter will focus on the current issues 
concerning the treatment of newly diagnosed 
young MM patients. Three main points will be 
discussed:

1. What is the best induction regimen: two, 
three, or four-drug combination?

2. Should HDT be performed upfront or at time 
of relapse?

3. Can consolidation and/or maintenance thera-
pies increase the depth of responses and pro-
long duration of responses and survival?

9.1.1 
 Induction Treatment: What Combination  
of New Drugs?

For many years, vincristine, doxorubicin, and 
dexamethasone (VAD) was the standard induc-
tion therapy in upfront patients who were candi-
dates for HDT (Alexanian et al. 1990; Lane 
et al. 2005). However, overall response rate 
(ORR) was only in the range of 55–60%, and 
complete responses (CRs) were achieved in 
only a small number of patients. Moreover, the 
response to VAD induction had no impact on the 
outcome after ASCT. In the last 10 years, induc-
tion regimens dramatically changed follow-
ing the onset of thalidomide, bortezomib, and 
lenalidomide. Therefore, various combinations 
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of drugs are now available with high response 
rates. New drug-based induction regimens 
decrease the tumor burden before HDT but also 
offer high and deep response rates after HDT. 
All these agents demonstrated significant supe-
riority over VAD, and, as a result, VAD is no 
longer recommended as initial therapy.

9.1.1.1 
 Two-Drug Induction Regimens

 Thalidomide-Based Induction Regimens

Thalidomide was the first “novel” agent to be 
tested in frontline setting. The use of thalido-
mide plus dexamethasone (Thal-Dex) has been 
studied in four randomized trials and has 
emerged as one of the most commonly used 
induction regimens, at least in United States 
(Cavo et al. 2005; Macro et al. 2006; Rajkumar 
et al. 2006, 2008). All studies have demon-
strated that Thal-Dex regimen was superior to 
VAD with good response rates (63–76% ORR). 
Thal-Dex had the advantage of oral administra-
tion but the limitation of high rate of non-
hematological toxicities, mainly peripheral 
neuropathy (PN) and thrombotic events. In the 
French MAG study (Macro et al. 2006), which 
compared Thal-Dex to VAD, the initial response 
rate improvement (35% vs. 13%) was not per-
sistent after ASCT (44% vs. 42%). This Thal-
Dex induction regimen might therefore be not 
good enough and, with the availability of lenali-
domide, is less prescribed to newly diagnosed 
MM patients.

 Bortezomib-Based Induction Regimens

In the last 5 years, bortezomib also reached the 
frontline setting and various phase II and phase 
III clinical trials were conducted (Harousseau 
et al. 2006, 2008; Rosinol et al. 2007). The ORR 
ranges from 60% to 85% with 15% to 20% CRs. 

In all the studies, the CR markedly increased 
after transplant (30–40%). The IFM phase III 
trial 2005-01 compared bortezomib plus dexam-
ethasone (Vel-Dex) to VAD. After four cycles of 
induction, the ORR with Vel-Dex was signifi-
cantly higher than that with VAD (82% vs. 65%, 
including 39% vs. 16% very good partial 
response (VGPR) or better) and this benefit 
remained after HDT (³VGPR 68% vs. 47%). 
With a median follow-up of 32 months, an 
improvement of progression-free survival (PFS) 
had already been observed for Vel-Dex relative 
to the VAD arm (36 vs. 30 months, respectively; 
p = 0.057). Predictive factors for prolonged PFS 
were: VGPR before and after HDT. Superiority 
of Vel-Dex over VAD induction therapy was 
also observed for high-risk patients (ISS 2 or 3 
and t(4;14) or del 17p) (Harousseau et al. 2009).

 Lenalidomide-Based Induction Regimens

Lenalidomide (Rev) is also undergoing first-
line evaluation. Rev-Dex regimen was studied 
in attempt to improve the Thal-Dex regimen, 
based on the assumption that lenalidomide is 
more effective and less neurotoxic than thali-
domide. Two large randomized trials, one 
conducted by ECOG (Rajkumar et al. 2010) 
and the other by SWOG (Zonder et al. 2007), 
have shown that the majority of patients 
respond to induction with Rev/Dex (ORR of 
82 and 85% with a CR rate of 4–22%, respec-
tively). In the ECOG trial, 90 of the initial 431 
patients went off therapy after the initial four 
cycles and received HDT followed by ASCT; 
the 2-year PFS in these patients is 65% and the 
3-year OS 92%.

9.1.1.2 
 Three-Drug Regimens

As all new drugs have shown excellent feasibil-
ity and efficacy combined with Dex as induction 
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9 therapy before intensification, several investiga-
tors postulated that this high response rate could 
be further increased with adjunction of a third 
drug without a burden of toxicities.

 Anthracyclins or Cyclophosphamide in Combination  
with Thalidomide, Bortezomib, or Lenalidomide

Two randomized trials, conducted by the 
HOVON group, showed that the addition of 
adriamycin to Thal-Dex (TAD) (Lokhorst et al. 
2010) or Vel-Dex (PAD) (Sonneveld et al. 2008) 
resulted in an increase in the ORR (71% and 
80%, respectively). The CR plus VGPR was 
37% and 41%, respectively, which are twice 
higher values than those obtained with VAD. In 
the study of TAD vs. VAD, the benefit in favor 
of TAD remained after ASCT when considering 
the VGPR rate (54% vs. 44%; p = 0.03). This 
translates into a superior PFS for TAD compared 
with VAD-treated patients (34 vs. 25 months, 
respectively; p < 0.001) but a similar OS (59 vs. 
62 months). In the PAD vs. VAD trial, the bort-
ezomib arm induced a significantly higher 
VGPR rate (41% vs. 17%) but few CRs (5% vs. 
1%); nevertheless, the CR significantly increased 
after transplant (15% vs. 4% p < 0.001).

The British group, in the MRC IX myeloma 
trial, compared cyclophosphamide + Thal-Dex 
(CTD) with cyclophosphamide + VAD (CVAD) 
as induction regimen before transplant, and 
found the CTD arm to be significantly superior, 
with ORR of 91% and 82%, including 21% and 
14% CR, respectively (Morgan et al. 2009). The 
CR rate after transplant also remained favorable 
for the thalidomide arm (65% vs. 48% for CTD 
vs. CVAD, respectively; p = 0.08).

In the same way, cyclophosphamide was 
combined to Vel-Dex (VelCD or Cybor-D) as 
induction regimen before HDT in two trials 
conducted by the German group and by the 
Mayo Clinic, respectively (Knop et al. 2009; 
Khan et al. 2010; Reeder et al. 2009, Reeder 
et al. 2010). In the German DSMM XIa Trial, 

414 patients were included. Data from the first 
completed 200 pts were analyzed as intend-to-
treat (ITT) population: 84% of patients 
achieved partial response (PR) or better after 
three cycles with 12% of CR.

The CyBor-D regimen efficacy was evalu-
ated after four cycles in 63 newly diagnosed 
MM patients (bortezomib 1.3 mg/m2 intrave-
nously on days 1, 4, 8, and 11; cyclophosph-
amide 300 mg/m2 orally on days 1, 8, 15, and 
22; and dexamethasone 40 mg orally on days 
1–4, 9–12, and 17–20 on a 28-day cycle). The 
ORR was impressive with 67% of VGPR or 
better and 47% of CR/near CR.

Finally, Khan et al. reported the results from 
a phase II trial combining lenalidomide and 
low-dose dexamethasone with cyclophosph-
amide (RCd) as initial therapy for newly diag-
nosed MM (Khan et al. 2010). Fifty three 
patients were enrolled. The median number of 
cycles was 5 (range: 1–20). The best response 
based on all enrolled patients on an ITT basis 
was 83%, including CR: 2%, VGPR: 38%, PR: 
43%, and less than PR: 17%. Hematological 
toxicity was the most common with grade 4 tox-
icity seen in eight patients. Non-hematological 
toxicities included neuropathy, diarrhea, cysti-
tis, and thrombosis. Thirteen patients had dose 
adjustments, most commonly due to hemato-
logical toxicity attributed to lenalidomide or 
cyclophosphamide.

 Bortezomib in Combination with Thalidomide  
or Lenalidomide

Several phase II studies have explored the feasi-
bility and efficacy of the combination of borte-
zomib with thalidomide in untreated MM 
patients. The high and rapid ORR (90% = PR, 
with 20% CR) prompted the design of phase III 
trials.

Thus, the Italian group compared bortezomib 
plus Thal-Dex (VTD) with Thal-Dex (Cavo 
et al. 2009). Four hundred and seventy four 
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patients were randomized to the VTD (n = 236) 
or Thal-Dex (n = 238) arm. VTD was signifi-
cantly superior after induction (VGPR or better: 
61% vs. 28%) and after consolidation (82% vs. 
67%). Superiority of the VTD vs. Thal-Dex arm 
in terms of CR rate was confirmed in patients 
with high-risk cytogenetics, as defined by the 
presence of t(4;14) and/or del(17p) (58% vs. 
33%, respectively; p = 0.004). In addition, this 
translated into a significantly longer PFS (76% 
vs. 58% at 30 months for VTD vs. Thal-Dex, 
respectively), but no significant differences in 
OS have yet been observed.

The Spanish group has performed a similar 
comparison (VTD vs. Thal-Dex), with in addi-
tion a third arm, based on chemotherapy 
(VBCMP/VBAD plus bortezomib) (Rosinol 
et al. 2009). Two hundred and ninety nine 
patients were evaluable for response and toxicity 
to induction therapy and 177 to ASCT. Results 
presented at last ASH meeting indicate that the 
VTD arm was superior in terms of response rates 
(VGPR or better = 59% before and 78% after 
ASCT), time to progression (TTP) and PFS.

The IFM also recently reported on a phase 
III trial (IFM 2007-02) comparing Vel-Dex to 
vTD (with low doses of bortezomib = 1 mg/m2 
and = 100 mg/day) (Harousseau et al. 2010). 
Hundred and ninety one patients were evaluable 
for response after four cycles. vTD induced sig-
nificantly higher VGPR rates (50% vs. 36%, 
p = 0.047) but identical CR rates (14% vs. 12%). 
It is important to note that dose reduction of 
bortezomib significantly decreased grade 2 or 
more PN incidence in the vTD arm without 
reduced response rates. This superiority was 
persistent after HDT (VGPR or better: 66% vs. 
54%, p = 0.044).

The most promising three-drug induction 
regimen might be the combination of borte-
zomib with Rev/Dex (VRD) (Richardson et al. 
2010). VRD has been investigated in a phase I/
II trial in which 66 patients were enrolled. All 
patients responded, including 67% ³ VGPR 
and 39% CR/nCR. Moreover, responses were 

independent of cytogenetics. Most common tox-
icities included sensory neuropathy (80%) and 
fatigue (64%), with only 27%/2% grade 2/3 neu-
ropathy (PN). Additionally, 32% reported neuro-
pathic pain (11%/3% grade 2/3). Thrombosis 
was rare (6% overall) and no treatment-related 
mortality was seen. With median follow-up of 
21 months, estimated 18-month PFS and OS for 
the combination treatment with/without trans-
plant was 75% and 97%, respectively.

The IFM finished last year the accrual of a 
phase II study investigating three cycles of 
VRD before HDT followed by ASCT. Results 
will be available at the next ASH meeting.

9.1.1.3 
 Four-Drug Induction Regimens

The EVOLUTION 2 trial have explored the 
combination of cyclophosphamide with VRD 
(VDCR) in 43 patients (Kumar et al. 2009); 33 
patients were evaluable for response. ORR was 
94% with 57% of VGPR or better. Response 
rates in the VDCR arm appeared somewhat 
higher than in the other arms at this early time 
point, although there also appeared to be higher 
rates of serious AEs, including possible treat-
ment-related mortality in the VDCR arm.

The HOVON group (Ludwig et al. 2010) has 
investigated, for its part, the cyclophosph-
amide + VTD (VTDC) regimen. Response rates 
were of great value but toxicities were also 
increased. Forty nine patients were randomized 
to each arm. One patient (VTDC arm) was not 
evaluable for response. Response rates follow-
ing induction were ORR: 100%/96% and 
CR + nCR: 51%/44%, respectively. At data cut-
off, 47 VTD and 35 VTDC patients had under-
gone ASCT; response rates post ASCT in 38 
and 27 evaluable patients were similar within 
the two arms with ORR: 100% and CR + nCR 
39%/33%, respectively. PN was reported in 
35% (VTD) and 29% (VTDC) of patients, 
including 8% grade 3 in each arm and 2% grade 
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9 4 in the VTD arm. Both VTD and VTDC are 
highly active induction regimens; the efficacy 
profiles were similar between the arms, but 
there were higher rates of toxicity in the VTDC 
arm compared with the VTD arm.

Taken together, these data suggest that the 
upfront combination of a proteasome inhibitor 
plus one immunomodulatory drug (IMiD) is 
highly effective. These data lead us to conclude 
that VAD is no longer the gold-standard induc-
tion regimen. Thal-Dex can be an option with 
the addition of another chemotherapy agent, 
such as cyclophosphamide or an anthracyclin. A 
similar possibility may exist for lenalidomide-
based induction regimens. VTD has proved to 
be highly effective as a frontline treatment and 
is significantly superior to VAD or Thal-Dex 
before and after ASCT with a very manageable 
toxic pattern. The most promising three-drug 
association might be VRD. Adjunc tion of a 
fourth drug is not proven to be more efficient 
but is definitely more toxic.

9.1.2 
 Autologous Stem Cell Transplantation Upfront  
or at the Time of Relapse?

In the 1990s, several randomized trials demon-
strated the superiority of HDT with ASCT com-
pared to conventional chemotherapy in terms of 
prolonged PFS, OS, and time without symptoms 
or treatment toxicities (TwiSTT) (Attal et al. 
1996; Fermand et al. 1998; Child et al. 2003; 
Blade et al. 2005; Fermand et al. 2005; Barlogie 
et al. 2006). HDT (usually based on melphalan 
200 mg/m2) followed by ASCT prolonged OS as 
compared with chemotherapy in prospective 
randomized trials conducted by the French 
(IFM) and English (MRC) groups and has pro-
vided evidence for longer than 10-year survivor-
ship in at least a subset of patients. Nevertheless, 
the US (SWOG 9,321) and French (MAG91) 
studies and the Spanish (PETHEMA-94) trial, 
though confirming the benefit of ASCT in terms 

of ORR and event-free survival (EFS), found no 
greater OS than with chemotherapy.

ASCT is currently considered to be the stan-
dard care for younger patients with MM, mainly 
because of its low treatment mortality rate 
(1–2%), the benefit in response rate, and sur-
vival. In the setting of new drug-containing 
regimen, it is important to assess whether ASCT 
enhances the quality and depth of response. 
Several randomized trials indicated an improved 
CR rate following ASCT, which already trans-
lates into prolonged PFS. These data imply that 
induction with novel agents and ASCT are 
complementary rather than alternative treat-
ment approaches. Nevertheless, the favorable 
results obtained with long-term treatment with 
these novel combinations, in patients who are 
not candidate for HDT, are challenging the role 
of upfront ASCT. Some investigators already 
stated that HDT should no longer be used in 
frontline therapy. Stem cell collection should be 
performed within the first months of therapy 
with novel agents and reserve the HDT at time 
of relapse. But a lot of arguments could favor 
HDT in frontline patients. HDT is no more toxic 
and expensive (arguments that can be opposed 
to novel agents). Quality of life is only impaired 
for a short period of time after HDT and it has 
been already demonstrated that time without 
symptoms and treatment toxicity was improve 
if HDT was preformed upfront. Furthermore, 
the strategy of delayed HDT is reasonable only 
if the feasibility of ASCT at time of relapse is 
good. It could be a major concern for patients 
aged between 60 and 65 years at time of diagno-
sis. The IFM in association with the Dana Farber 
Cancer Institute (DFCI) will soon assess this 
issue in a large joint phase III trial. Patients will 
be randomly assigned to receive HDT upfront 
or at time of relapse. Induction and consolida-
tion therapies will be based on the DFCI RVD 
regimen. The Italian GIMEMA cooperative 
group is currently conducting a similar trial. 
Preliminary data have been presented in the last 
ASCO congress. Patients, in a 2 × 2 factorial 
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plan, will receive either a tandem ASCT with 
melphalan 200 mg/m2 or six cycles of mel-
phalan, prednisone, and lenalidomide (MPR). 
117 pts received three cycles of MPR and 122 
pts underwent their first ASCT. Response rates 
are similar in the two groups with 13% vs. 16% 
of CR, and 55% vs. 53% of VGPR or better, 
respectively (Palumbo et al. 2010b).

9.1.3 
 Maintenance/Consolidation Treatment

Although HDT with ASCT improves CR rates 
and PFS, almost all patients ultimately relapse. 
An optimal maintenance treatment should 
 prolong PFS with acceptable toxicity, not 
compromise treatment at time of relapse, and, 
furthermore, prolong OS. The impact of main-
tenance therapy with chemotherapy after HDT 
has always failed to prolong PFS and OS.

In the 1980s, maintenance treatment with 
corticosteroids (Berenson et al. 2002) and/or 
interferon has been a first choice. Following the 
initial randomized study showing prolonged 
remissions with a-interferon maintenance in 
patients responding to conventional induction 
therapy (Mandelli et al. 1990), a number of ran-
domized trials were performed but their results 
were controversial. Two meta-analyses of ran-
domized trials showed that with interferon 
maintenance, time to PFS and OS was increased 
by 4–7 months (Fritz and Ludwig 2000; 
Myeloma Trialists’ Collaborative Group 2001). 
However, most investigators considered that the 
benefit was small and needed balancing against 
cost and potential toxicity of prolonged treat-
ment with a-interferon. In addition, a-interferon 
has been used after ASCT, with the hypothesis 
that it might be more effective in patients with 
minimal residual disease. In a retrospective 
analysis of the European Bone Marrow and 
Blood Transplant Registry, interferon mainte-
nance was associated with improved PFS and 
OS in patients responding to high-dose therapy 

(Bjorkstrand et al. 2001). However, two ran-
domized trials failed to confirm this result 
(Cunningham et al. 1998; Barlogie et al. 2006).

The availability of novel agents (particularly 
oral thalidomide and lenalidomide) has renewed 
the concept of maintenance. Five randomized 
studies with thalidomide have been completed 
(Attal et al. 2006; Barlogie et al. 2006; Morgan 
et al. 2009; Spencer et al. 2009; Lokhorst et al. 
2010). The IFM group, in the IFM 9,902 trial, 
was the first to show that thalidomide as main-
tenance after tandem ASCT was superior to no 
maintenance or pamidronate alone. Thalidomide 
increased the CR + VGPR rate (67 vs. 55 and 
57%, respectively), the 3-year PFS (52 vs. 36 
and 37%, respectively), and the 4-year OS (87 
vs. 77 and 74%, respectively). The Australian 
group obtained similar results upon comparing 
thalidomide (for 12 months) plus prednisone 
(until progression) with prednisone alone. 
Within the Total Therapy 2 program, the 
Arkansas group tested also the impact of thali-
domide as maintenance. In the initial report, CR 
rate and 5-year PFS were significantly better in 
the thalidomide arm (62 vs. 43% and 56 vs. 
44%, respectively) but there was no OS 
improvement. However, in an updated analysis, 
with a median follow-up of 72 months, the pro-
longed OS was confirmed in a subgroup of 
patients with poor-risk cytogenetics. In total, 
four of five randomized trials showed a benefit 
in PFS and OS with thalidomide maintenance. 
But what group of patients will really benefit of 
thalidomide? In the IFM trial, only patients who 
failed to achieve at least VGPR had signifi-
cantly longer PFS in the thalidomide arm. The 
shorter OS duration observed in several studies 
appears to be a result of a shorter survival time 
after relapse, which may be caused by different 
factors, such as the duration of maintenance 
treatment, the possible selection of more resis-
tant clones, the age of patients, toxicities from 
previous treatments, and the availability of sal-
vage treatments. Future studies should be aimed 
at identifying patients who may benefit from 
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9 thalidomide maintenance and establishing the 
appropriate dose and optimal duration of ther-
apy. The Australian trial showed that mainte-
nance for only 1 year did not adversely affect 
the outcome after relapse, but two studies (from 
the MRC and the Arkansas group) suggested 
that the long-term use of thalidomide may 
induce more resistant relapses. Finally, the inci-
dence of thalidomide induced PN is cumulative 
and related to the time of exposure. Long-term 
treatment with thalidomide is actually impossible.

The more favorable toxicity profile of 
lenalidomide makes it an ideal maintenance 
agent and has prompted several ongoing trials 
designed to compare continuous treatment 
until relapse with non-maintenance or treat-
ment for only a short period after ASCT. Two 
large randomized phase III trials, one con-
ducted by the IFM (Attal et al. 2010), the sec-
ond by the CALGB (McCarthy et al. 2010), 
were presented in the last ASCO meeting. 
Lenalidomide was given orally after HDT at 
10–15 mg/day up to progression. Results were 
similar with an improvement of PFS (around 
24 months in the placebo arm versus not 
reached in the lenalidomide arm). The safety 
profile was good and subgroup analysis showed 
that the benefice of maintenance therapy was 
seen irrespective of response after HDT and 
initial prognostic factors. With a median follow-
up of 24 months for the IFM trial, there is no 
difference in the OS.

Bortezomib was investigated in the consoli-
dation setting. Consolidation with VTD may 
induce molecular remission in a number of 
patients (Ladetto et al. 2010). Ongoing ran-
domized studies by several European study 
groups are further investigating bortezomib as 
consolidation and maintenance therapy. For 
example, the DSMM is investigating the use of 
bortezomib as consolidation treatment follow-
ing induction therapy with VCD plus high-
dose therapy. The phase III GIMEMA trial 
also includes a consolidation randomization. 
Following induction treatment with VTD or 

TD and tandem transplantation, patients are 
randomized to receive VTD or TD consolida-
tion therapy. In the HOVON 65 MM/
GMMG-HD four trial, bortezomib versus tha-
lidomide maintenance therapy is being exam-
ined following initial randomization between 
PAD and VAD induction.

9.2 
 Frontline Treatment in Elderly MM Patients

Treatment with melphalan (or cyclophosph-
amide) and prednisone (MP) has been used 
since the 1960s. Despite poor CR rates and 40% 
overall response rates, MP was the most widely 
accepted treatment option for elderly patients 
ineligible for HDT (Alexanian et al. 1969; 
Bataille and Harousseau 1997). Long-term out-
comes were disappointing, with a median PFS 
duration of about 18 months and a median OS 
time of about 3 years. More complex combina-
tions with alkylating agents have been substi-
tuted but often with added toxicity and no 
survival advantage (Myeloma Trialists’ Colla-
borative Group 1998).

High-dose dexamethasone (Dex) alone or 
Dex-based regimens have provided other 
options. Although Dex gives better response 
rates, its use among patients over 65 is cautious 
because of greater toxicities, mainly infectious, 
and lack of benefit in terms of overall survival 
(Alexanian et al. 1992; Hernandez et al. 2004; 
Facon et al. 2006).

Introduction of highly active new drugs in 
this setting has markedly increased survival 
rates within the last decade. Overall, two “back-
bones” have been used for the development of 
combinations with new agents: MP (or C), in 
Europe, and Dex, in North America.

This chapter will discuss the current issues 
concerning the treatment of newly diagnosed 
elderly MM patients. Four main points will be 
reviewed:
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1. What is the best partner for MP or alkylators: 
thalidomide, bortezomib, and/or lenalido-
mide?

2. Can new drugs replace alkylating agents?
3. Can we reduce new drugs toxicities, espe-

cially for the elderly patients?
4. Can maintenance therapies prolong duration 

of responses and survival?

9.2.1 
 What Is the Best Combination with Alkylating 
Agents?

Alkylating agents with prednisone, at least in 
Europe, are the core of treatment for frontline 
elderly patients. Several trials evaluated the role 
of new agents combined to melphalan or cyclo-
phosphamide in this setting.

9.2.1.1 
 Thalidomide

Recently, a number of studies have investigated 
the addition of novel agents to the traditional MP 
regimen. The combination of MP plus thalido-
mide has been investigated in five randomized 
phase III trials (Palumbo et al. 2005; Facon et al. 
2007; Wijermans et al. 2008; Hulin et al. 2009; 
Waage et al. 2010a). In the three first published 
trials (GIMEMA, IFM 99-06, and IFM 01-01), 
the superiority of MPT over MP or MP plus pla-
cebo was clearly demonstrated. These results 
were very concordant within the three studies. 
The addition of thalidomide to MP resulted in a 
significantly greater ORR, as well as a longer 
TTP, PFS time, or EFS time. Of note, 30–50% of 
the patients achieved at least a VGPR. In the 
IFM 01-01 study, response results were slightly 
inferior but still significantly superior to those of 
MP plus placebo, with a 62% ORR and a 7% CR 
rate. Median PFS times with MPT were similar 
in all three studies, ranging from 24 to 29 months. 

In both IFM studies, but not in the GIMEMA 
study, the PFS advantage observed with MPT 
translated into a significant OS advantage. There 
were some substantial differences in study 
design, such as the dose of thalidomide and 
duration of treatment, which included mainte-
nance thalidomide in all except the two IFM 
studies. In the Nordic Study, the addition of tha-
lidomide to MP resulted in a significant advan-
tage in terms of RR and time to progression 
compared with MP. However, these favorable 
results did not translate into an OS advantage. 
The study was hampered by a high proportion of 
patients with a poor performance status and used 
higher doses of melphalan and thalidomide. 
These characteristics likely contributed to more 
frequent early deaths in the MPT group, espe-
cially in the oldest patients. Regarding toxici-
ties, MPT was associated with a significantly 
increased risk of complications, especially som-
nolence or fatigue, constipation, PN, and deep 
venous thrombosis (DVT). Thrombo-embolic 
events usually occurred early in therapy (90% 
within 4 months). Anticoagulation prophylaxis 
is able to reduce thrombosis/embolism, and rec-
ommendations have been recently published by 
the International Myeloma Working Group. PN 
occurred after prolonged administration of thali-
domide and was a frequent cause of discontinu-
ation. More than 50% of patients treated for 
12 months suffered from PN, although in most 
patients it was of grade 1/2. The incidence of 
grade 3/4 PN varied from 2% to 9%. Neuro-
toxicity will probably be reduced by thalidomide 
treatment of shorter durations and at lower 
doses. These results led to the approval of tha-
lidomide in 2008 for previously untreated MM 
patients by the European Medicines Agency 
(EMEA). In a recent meta-analysis on survival 
of 1682 individual patients treated with MPT 
or MP in six different randomized studies, 
including the trials previously reported, the 
addition of thalidomide to MP significantly 
improved progression-free survival and over-
all survival (Waage et al. 2010). Similar data 
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9 have been presented in a meta-analysis of 
published data (Kapoor et al. 2009)

Other combinations have been examined in 
an attempt to improve outcomes in the elderly 
patient group. For example, the combination 
CTD was investigated in a large phase III ran-
domized study by the MRC (Myeloma IX) 
comparing, in patients ineligible for transplan-
tation, MP to CTD with an attenuated Dex dose 
(CTDa: cyclophosphamide 500 mg orally 
weekly, thalidomide 200 mg daily, Dex 20 mg 
on days 1–4 and 15–16 of a 28-day cycle) 
(Morgan et al. 2007). This first randomization 
was followed by a maintenance randomization 
comparing thalidomide 100 mg daily to relapse 
to no thalidomide. In this group of 854 less 
fit patients (median age, 73 years; range, 
57–89 years), CTDa achieved a significantly 
higher RR (82.5% vs. 49%), including VGPR 
(47.5% vs. 9.5%) and CR (22.5% vs. 6%) rates. 
Patients induced with CTDa seem to survive for 
approximately a year longer than patients 
induced with MP (Morgan et al. 2009). CTDa 
survival results seem comparable to those 
achieved in the IFM MPT studies, and CTDa 
response rates are comparable to those achieved 
in IFM 99-06.

9.2.1.2 
 Bortezomib

In vitro studies have shown a synergistic effect 
between bortezomib and melphalan plus corti-
costeroids. Based on these promising findings, 
bortezomib was added to the standard MP 
(MPV regimen) in elderly untreated MM 
patients in a phase I/II trial conducted by the 
Spanish Myeloma Group (GEM/PETHEMA) 
(Mateos et al. 2006). Sixty patients were 
enrolled in this trial and, after a median of seven 
cycles, the ORR was 89% with a 32% CR rate. 
MPV was generally well tolerated and the 
majority of adverse events occurred during 
the first two cycles of treatment. These results 

led to a large, randomized, phase III VISTA 
trial (Velcade as Initial Standard Treatment: 
Assessment with melphalan and prednisone), in 
which 682 patients were included and random-
ized to receive either MP alone or in combina-
tion with bortezomib (San Miguel et al. 2008). 
MPV was found to be significantly superior to 
MP for all efficacy endpoints: CR rate, ORR, 
PFS, TTP, time to next therapy (TNT), and OS. 
30% of patients in the MPV arm achieved CRs, 
compared with only 4% in the MP arm. Median 
time to achieve CR was 4 months. Patients who 
achieved CR had a median duration of response 
of 24 months. The primary endpoint of the trial 
was TTP, and MPV resulted in a 52% reduced 
risk of progression compared with MP, with a 
median TTP of 24 months for MPV and 
16 months for MP. With an updated median 
follow-up of 26 months, the OS analysis showed 
a 36% reduced risk of death for MPV and the 
3-year OS is 72% for MPV and 59% for MP, 
despite 45% of MP patients having received 
treatment with bortezomib upon progression. 
The efficacy of bortezomib was also evaluated 
in subgroups of patients who had a poor prog-
nosis. In 107 patients who were 75 years of age 
or older, as compared with 237 younger patients, 
the median TTP was identical, the rate of CR 
(according to EBMT criteria) was slightly lower 
(26% vs. 32%), and the median OS was not sig-
nificantly shorter. The 26 patients with high-risk 
cytogenetic profiles – including the presence 
of a t(4;14),t(14;16) translocation or a 17p  
deletion – and the 142 patients with standard cyto-
genetic profiles had the same rate of CR(28%), 
with similar TTP and OS. Fewer patients in the 
MPV versus MP arm required subsequent ther-
apy (38% vs. 57%, respectively). Re-treatment 
with bortezomib was effective in the MPV arm 
(6% of CRs) at the moment of relapse, as were 
the IMiDs (4% of CRs with thalidomide and 
lenalidomide-based combinations). Regarding 
toxicity, the frequency of serious adverse events 
was higher in the MPV arm (46% vs. 36%). No 
significant differences were reported in the 
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 incidence of hematologic toxicity and the 
most divergent grade 3/4 toxicities between 
MPV and MP were gastrointestinal events 
(20% vs. 6%) and PN (13% vs. 0%). In addi-
tion, 17% and 14% of patients experienced 
grade 2 and grade 1 PN, respectively, for a 
total incidence of 44%. However, it was 
reversible in most patients; 79% of PN events 
improved (by at least one grade) in a median 
of 2 months and 60% of PN events completely 
resolved in a median of 6 months. Herpes 
zoster was more frequent with MPV (13% vs. 
4%), but the rate with MPV decreased to 3% 
among patients receiving antiviral prophylaxis. 
Thrombo-embolic events were very low and the 
same in both arms (1%). Upon analyzing the 
tolerability by treatment cycle it was found that 
the major incidence of adverse events in the 
MPV arm occurred during the first four cycles. 
These results led to the approval in 2008 of 
bortezomib for previously untreated MM 
patients by the US Food Drug Administration 
(FDA) and the EMEA.

9.2.1.3 
 Lenalidomide

Lenalidomide has also been examined for the 
treatment of elderly patients with newly diag-
nosed MM. In a phase I/II trial, the combination 
of lenalidomide with MP (MPR) was found to 
result in an ORR of 81% and a 24% CR rate 
(Palumbo et al. 2007). With a median follow-up 
of 29.5 months, the median TTP and PFS times 
were 28.5 months and the 2-year OS rate was 
90.5%. The main AEs included neutropenia, 
thrombocytopenia, and thromboembolism. Follo-
wing these promising results, an international 
phase III study, MM 015, was conducted com-
paring MP with MPR (with or without lenalido-
mide maintenance) (Palumbo et al. 2010). Four 
hundred and fifty nine patients were enrolled in 
the study. Twenty-five percent of patients were 
older than 75 years. Patients were randomly 

assigned to receive either nine cycles of MP or 
MPR or MPR + R maintenance. The ORR was 
50%, 68%, and 77%, respectively. Four percent 
of patients achieved CR within the MP arm 
compared to 11% in the MPR arm and 16% in 
the MPR + R arm. The primary objective was 
PFS between MP vs. MPR + R. Median follow-
up at time of reporting was 21 months. Although 
median PFS was not reached in the MPR + R, 
PFS was only 13 months for the MP and 
14 months for the MPR patients. The most com-
mon grade 3/4 adverse events were neutropenia 
and thrombocytopenia (70% and 38%, respec-
tively in the MPR arm). More than 60% of 
patients required growth factor support. This 
hematological toxic pattern, especially in the 
older patients, could explain the disappointing 
results of this regimen. Results of the ongoing 
ECOG E1A06 study comparing MPT with 
MPR will be of great interest. The HOVON and 
the Nordic Myeloma Study Group are also con-
ducting a phase III trial in elderly patients com-
paring MPT plus maintenance thalidomide with 
MPR followed by maintenance with lenalido-
mide. This trial will further clarify the role of 
lenalidomide in the nontransplant setting.

9.2.1.4 
 Combinations of New Agents Plus MP

 VMPT

In the Italian GIMEMA trial, MPV was com-
pared with bortezomib, melphalan, prednisone, 
and thalidomide (VMPT) followed by mainte-
nance with VT (Palumbo et al. 2010). Initially, 
patients received a scheme similar to that previ-
ously reported in the VISTA trial (bortezomib 
administered twice per week), adding thalido-
mide (50 mg/day) in the VMPT arm. The pro-
tocol was subsequently amended: both VMPT 
and MPV schedules were changed to nine 
5-week cycles and the bortezomib schedule 
was modified to weekly administration. Five 



200 M. Roussel et al.

9 hundred and eleven patients were included. The 
VGPR rate was significantly higher in the 
VMPT group (59% vs. 50%), including a CR 
rate of 38% in the VMPT group and 24% in the 
MPV group. Maintenance therapy did not fur-
ther enhance response rates. The incidence of 
grade 3/4 adverse events was similar in both 
groups except for neutropenia (37% vs. 28%), 
noting that the weekly infusion of bortezomib 
significantly decreased the incidence of grade 
3/4 PN (9% for VMPT and 8% for MPV). With 
a median follow-up of 26.5 months, 3-year PFS 
is 54% in the VMPT + VT arm vs. 40% in the 
MPV arm (p = 0.006).

9.2.2 
 Firstline Treatment: Can New Agents  
Replace Alkylators?

9.2.2.1 
 Thalidomide

Two studies conducted in the United States were 
designed to compare thalidomide plus dexa-
methasone (Thal-Dex) versus Dex as primary 
 therapy for newly diagnosed patients (Rajkumar 
et al. 2006, 2008). These studies enrolled a total 
of 677 young and elderly patients but primarily 
targeted patients unable or unwilling to undergo 
upfront ASCT. Thal-Dex resulted in significantly 
higher response rates (63% vs. 41%) and 
 prolonged TTP compared to Dex (22.6 vs. 
6.5 months), leading to FDA approval in 2006. 
However, the toxicity of dexamethasone was sig-
nificant and the combination had an even greater 
toxicity (hyperglycemia, fatigue, insomnia and 
muscle weakness). In the ECOG study, there 
were 5% treatment-related deaths. Similar toxici-
ties were noted in the other Thal-Dex study. A 
further confirmation of high level of toxicity was 
provided by the Central European phase III study 
in elderly patients (n = 289) comparing Thal-Dex 
with MP (Ludwig et al. 2009). Patients were ran-
domized to either thalidomide 50–400 mg daily 
plus Dex 40 mg on days 1–4 and days 15–18 on 
even cycles and on days 1–4 on odd cycles, 

during a 28-day cycle, or to  melphalan 0.25 mg/
kg and prednisone 2 mg/kg orally on days 1–4 
during a 28–42-day cycle. For maintenance, 
patients achieving stable disease or better were 
randomized to receive 3 MU interferon-a2b three 
times per week with or without thalidomide 
100 mg daily. The study reported significantly 
higher CR and VGPR rates (26% vs. 13%) as 
well as RR (68% vs. 50%) for patients receiving 
Thal-Dex. PFS was similar in both groups 
(median, 21 and 17 months for MP and Thal-Dex, 
respectively), but significantly shorter OS was 
observed in the Thal-Dex group (median, 49 and 
42 months for MP and Thal-Dex, respectively). 
The population was very elderly, especially in the 
Thal-Dex group, with 60% of patients between 
the ages 70 and 79 and 10% ³80 years. Patients 
received a high-dose Dex regimen and thalido-
mide dosing was up to 400 mg/day. Thus, the 
very elderly patient population and the higher 
doses of thalidomide and Dex used likely contrib-
uted to a higher mortality rate in Thal-Dex-treated 
patients during the first year of study, especially 
in patients with a poorer performance status.

Overall, when considering all of these Thal-
Dex experiences, in terms of both efficacy and 
toxicity, there is evidence that this combination 
is not superior to MPT and may not be optimal 
for elderly patients.

9.2.2.2 
 Lenalidomide

A subanalysis of the phase III ECOG trial exam-
ined the efficacy of lenalidomide-Dex (RD) ver-
sus lenalidomide-low dose Dex (Rd) in patients 
³65 years old (Rajkumar et al. 2010). The 1-year 
survival rate was found to be significantly better 
for patients receiving Rd than for those receiv-
ing RD (94% vs. 83%, respectively; p < 0.004). 
High-dose Dex in a community-setting seems 
more toxic than low-dose Dex, with more early 
deaths in the first 4 months, increased risk of 
thrombo-embolic complications, and higher 
overall risk of serious adverse events, particu-
larly in patients older than 65 years.
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9.2.2.3 
 Combinations of New Agents

 Bortezomib and Thalidomide

In an attempt to optimize the treatment of 
elderly untreated MM patients, the Spanish 
myeloma trial (GEMO5) was designed to com-
pare six cycles of induction therapy with MPV 
versus bortezomib, thalidomide, and predni-
sone (VTP) (Mateos et al. 2009). The MPV 
regimen was based on one intensive “VISTA” 
6-week cycle followed by five adapted 5-week 
cycles (bortezomib was given as a weekly dose 
on days 1, 8, 15, and 22). The VTP arm was 
the same as MPV, but substituting the mel-
phalan with thalidomide at 100 mg/day. A total 
of 260 patients have been recruited so far and 
preliminary results show no significant differ-
ences in efficacy (RR of 81% in both arms, 
with CR rates of 22% and 27% for MPV and 
VTP, respectively). The VTP arm was found 
to be cardiotoxic. After induction therapy, 
patients were randomized to receive mainte-
nance therapy for 3 years with thalidomide 
(50 mg daily) plus bortezomib (VT) or predni-
sone plus bortezomib (VP); bortezomib is 
given on a conventional schedule (days 1, 4, 8, 
and 11) every 3 months. Maintenance increased 
response rates.

9.2.3 
 Can We Reduce Toxicities of New Drugs-
Incorporating Regimens?

9.2.3.1 
 Bortezomib in a Weekly Schedule

As already mentioned, a reduced frequency of 
administration of bortezomib in combination 
with MP was investigated in two European 
studies in patients ³65 years old. In the Spanish 
myeloma group trial, patients were randomized 
to receive six cycles of MPV or bortezomib plus 
thalidomide plus prednisone (VTP) (Mateos 
et al. 2009). During cycle 1 of the induction 

treatment, bortezomib was administered twice 
weekly, and in subsequent cycles bortezomib 
was only administered once weekly. The results 
indicate that efficacy was similar between 
the two regimens, whereas differences were 
observed in toxicities. Notably, the rate of grade 
3 or 4 PN was only 5% with the reduced-dose 
MPV regimen, and only 12% of patients dis-
continued treatment. The Italian myeloma group 
also investigated a reduced frequency of admin-
istration of bortezomib in a trial designed to 
compare bortezomib, melphalan, prednisone, 
and thalidomide (VMPT) with MPV in elderly 
patients (Palumbo et al. 2009). Bortezomib was 
initially administered twice weekly in a propor-
tion of patients; however, following a protocol 
amendment, all patients received bortezomib 
once weekly at 1.3 mg/m2. A comparison of 
efficacy and toxicity in patients receiving twice-
weekly or once-weekly bortezomib in the MPV 
arm revealed that a shift from twice weekly to 
once-weekly bortezomib dosing reduced the 
rate of CR from 27% to 20%, but that it also 
substantially reduced the incidence of sensory 
neuropathy (14% vs. 2%) and rate of treatment 
discontinuation (15% vs. 4%).

The results of these two studies suggest that 
a reduction in bortezomib administration from 
twice weekly to once weekly leads to a reduc-
tion in toxicity of the MPV regimen while 
retaining significant efficacy, although not at the 
same level as reported in the original VISTA 
trial. Longer follow-up is needed to assess the 
impact on PFS and OS.

9.2.3.2 
 Low-Dose Dexamethasone

Along with the frequent and serious Dex side 
effects, there were also data suggesting that 
high doses of Dex were possibly not necessary 
in combination with novel agents, such as 
 thalidomide or lenalidomide. The ECOG group 
proceeded recently with the E4A03 study com-
paring lenalidomide plus high-dose Dex (40 mg 
daily on days 1–4, 9–12, and 17–20) with 
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9 lenalidomide plus low-dose Dex (40 mg daily 
on days 1, 8, 15, and 22) (Rajkumar et al. 2010). 
A total of 445 patients (median age, 66 years; 
aged up to 88 years) were treated, including 233 
over the age of 65 years. The significant toxic-
ity of the high-dose Dex regimen was fully con-
firmed, but the good news was the modest 
toxicity of the low-dose Dex regimen. Infection/
pneumonia, fatigue, hyperglycemia, deep 
venous thrombosis, and cardiac ischemia were 
significantly less frequent with the low-dose 
Dex schedule. Overall, nonhematologic toxic-
ity grade ³3 was found in 52% of patients 
receiving RD compared to 34% of patients 
receiving Rd. Early deaths were also signifi-
cantly less frequent in the low-dose Dex arm 
(1.4% vs. 4.5%). In patients aged over 65 years, 
the 2-year survival was significantly superior in 
the group of patients receiving the low-dose 
Dex regimen (82% vs. 67%). In patients receiv-
ing primary therapy beyond four cycles with 
Rd, the ORR was 89% with a 22% CR rate, and 
a 56% VGPR rate. Overall, and even though the 
study was not designed to test efficacy of long-
term lenalidomide plus Dex (median durations 
on treatment were only 4 months in the high-
dose Dex arm and 6 months in the low-dose 
Dex arm), Rd was found to be highly active in 
newly diagnosed elderly patients. There is no 
doubt that these results will be of major impor-
tance in the future and will influence the fate of 
other Dex-based combinations.

9.2.3.3 
 Prevention of IMiDs-Associated Venous 
Thromboembolism (VTE)

The International Myeloma Working Group has 
provided in 2008 detailed guidelines on the 
appropriate thromboprophylaxis for patients in 
patients treated with thalidomide or lenalido-
mide (Palumbo et al. 2008). The panel recom-
mended aspirin for patients with low risk factor 
for VTE. LMWH (equivalent to enoxaparin 

40 mg/day) is recommended for those with 
intermediate or high-risk factors. LMWH is 
also recommended for all patients receiving 
concurrent high-dose dexamethasone or doxo-
rubicin. Full-dose warfarin targeting a thera-
peutic INR of 2–3 is an alternative to LMWH, 
although there are limited data in the literature 
with this strategy and it might not be recom-
mended for cancer patients. In the absence of 
clear data from randomized studies as a founda-
tion for recommendations, many of the follow-
ing proposed strategies are the results of 
common sense or derive from the extrapolation 
of data from many studies not specifically 
designed to answer these questions.

9.2.4 
 Maintenance Therapy in Elderly

Results from the MRC Myeloma IX mainte-
nance study indicate that thalidomide mainte-
nance has a non significant effect in improving 
PFS in non-intensively treated patients (Morgan 
et al. 2009). Lenalidomide and bortezomib are 
still under investigation and a longer follow-up 
is needed for confirming their role as mainte-
nance treatment.

The Spanish myeloma group investigated a 
3 years maintenance with VT or VP (bortezomib: 
1.3 mg/m2/day 1, 4, 8, 11/3 months; Thalidomide: 
50 mg/day; Prednisone: 50 mg alternating days) 
(Mateos et al. 2009). This maintenance regimen 
increased the CR from 25% to 42% with a low 
toxicity profile. VT was superior in terms of 
TTEvents. Despite these good results, consider-
ing their toxicity profile, first of all peripheral 
neuropathy, and, in case of thalidomide, the lack 
of correlation between cumulative dose and out-
come, a limited administration is suggested. In 
contrast, lenalidomide showed a benefit from 
prolonged treatment, making the drug one of the 
best choices for long-term maintenance treat-
ment. Several trials are also ongoing with lenali-
domide maintenance. In the MM 015, at time of 
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data cut-off (December 1, 2009) most of patients 
had continued onto maintenance therapy phase 
(Palumbo et al. 2010). Only 8% of patients 
receiving lenalidomide maintenance required 
dose reduction suggesting continued treatment is 
well tolerated. Median PFS and OS are not 
reached in this arm.
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Abstract Since its introduction in 1983, high-
dose therapy followed by autologous peripheral 
blood stem cell transplantation is a pillar of the 
treatment of patients with multiple myeloma. In 
the last decades, a multitude of clinical trials 
helped to improve strategies based on high-dose 
therapy and autologous stem cell transplantation 
resulting in a continuously prolongation of overall 
survival of patients. In this chapter we will review 
the progress, which has been made in order to 
enhance the mobilisation of autologous stem cells 
and increase the effectiveness of this treatment.
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10 10.1 
 Introduction

High-dose chemotherapy (HDT) and autolo-
gous peripheral blood stem cell transplantation 
(SCT) has improved response rates and duration 
of survival in patients with multiple myeloma 
(MM) (Bensinger 2008). Recent research con-
centrating on the pathogenesis and the molecu-
lar basis of the disease has led to the development 
of novel agents, which are not only targeting 
tumor cells but also stromal cells supporting 
tumor cell growth. Three of these novel agents, 
thalidomide (Glasmacher et al. 2006), lenalido-
mide (Dimopoulos et al. 2007; Weber et al. 
2007), and bortezomib (Richardson et al. 2005) 
are remarkably effective in reducing the malig-
nant cell clone. This had led to the incorporation 
of these novel agents not only in salvage, but 
also into first-line protocols resulting in an 
improvement of treatment outcome. In the fol-
lowing, we will review the clinical  trials that are 
based on high-dose therapy and autologous 
peripheral blood SCT in patients with MM.

10.2 
 Peripheral Blood Stem Cell Mobilization

10.2.1 
 The Role of Adhesion Molecules

Whereas in the beginning of HDT and autolo-
gous SCT bone marrow was the main source for 
blood stem cell transplantation, blood-derived 
stem cell grafts have replaced bone marrow. 
Before we present the various methods used for 
the mobilization of peripheral blood stems cells, 
a few remarks are necessary concerning our cur-
rent understanding of the bone marrow’s stem 
cell niche as first proposed by Schofield and 
 colleagues (Schofield 1983). This niche is a 
very special place within the bone marrow 

microenvironment as it guarantees the lifelong 
maintenance of the most primitive hematopoi-
etic stem cell (HSC) population. The various 
components of the niche regulate the finely 
tuned balance between self-renewal and differ-
entiation along the respective hematopoietic lin-
eages. Apart from osteoblast and endothelial 
cells, the bone marrow contains a broad variety 
of different stromal cells, including fibroblasts 
and  adipocytes, which form a highly specialized 
micro architecture as it is needed for the differ-
entiation of the various hematopoietic progeni-
tor and precursor cells. Apart from the production 
of hematopoietic growth factors and cytokines 
by the stromal cells of the bone marrow microen-
vironment, they mediate adhesive interactions 
essential for migration, circulation, and prolif-
eration of HSC (Verfaillie et al. 1994; Prosper 
et al. 1998; Whetton and Graham 1999). The 
receptor and ligands involved include  members 
of the ß1 and ß2 integrin family,  selectins and 
super immunoglobulin families (Fig. 10.1) 
(Soligo et al. 1990; Verfaillie et al. 1991; 
Simmons et al. 1992; Teixido et al. 1992; 
Liesveld et al. 1993; Kinashi and Springer 
1994). Some of their natural ligands are 
expressed on endothelial cells or other stromal 
cells. The binding partners may also represent 
compounds of the  extracellular matrix of the 
bone marrow microenvironment.

In the following, we will present some of the 
receptors and ligands of the bone marrow microen-
vironment, which are involved in migration and 
mobilization of HSC. There is an L-selectin 
(CD62L) recognizing carbohydrate residue on 
endothelial cells. This interaction mediates the 
initial attachment of leukocytes to endothelial 
cells, a process termed as tethering. L-selectin is 
highly expressed on circulating CD34+ stem and 
progenitor cells implying an essential role for 
homing of stem cells following transplantation 
(Mohle et al. 1995). The ß1 integrins very late 
antigen 4 ([VLA-4] CD29/CD49d) and VLA-5 
(CD29/CD49e) are heterodimers permitting adhe-
sion of hematopoietic progenitor cells to different 
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compounds of the bone marrow stroma. In par-
ticular, the VLA-4-mediated interaction between 
hematopoietic stem cells and bone marrow stroma 
is of functional relevance for hematopoiesis as 
well as for mobilization and homing of CD34+ 
cells (Prosper et al. 1998; Miyake et al. 1991; 
Yanai et al. 1994; Hamamura et al. 1996). We 
observed that circulating CD34+ cells express 
VLA-4 at a lower level in comparison to CD34+ 
cells in the bone marrow. The release of CD34+ 
cells and their migratory capacity is apparently 
related to the expression level of VLA-4 (Prosper 
et al. 1998; Mohle et al. 1995; Leavesley et al. 
1994; Yamaguchi et al. 1998; Bellucci et al. 1999; 
Lichterfeld et al. 2000). Looking at circulating 
CD34+ cells from peripheral blood during G-CSF-
enhanced marrow recovery in comparison to 
CD34+ cells from steady-state bone marrow we 
found a significantly reduced functional state of 
the VLA-4 receptor (Lichterfeld et al. 2000). 
Moreover, the number of circulating CD34+ cells 
during marrow recovery was inversely related to 
the activation state and not to the expression level 
of VLA-4. This observation clearly suggests that 
the functional state of VLA-4 in circulating 
CD34+ cells is different from that in bone marrow 
CD34+ cells.

Besides VLA-4, the ß2 integrin leukocyte 
function-associated molecule-1 ([LFA-1], CD18/
CD11a) mediates interactions between CD34+ 
hematopoietic progenitor cells and bone marrow 
stroma. On circulating CD34+ cells, LFA-1 had a 
lower expression level than on bone marrow-
derived CD34+ cells (Mohle et al. 1995). 
Functionally, the adhesion to and migration 
through an endothelial cell layer could be inhib-
ited using LFA-1-directed blocking monoclonal 
antibodies (Mohle et al. 1995, 1997). There is also 
a relationship between cell adhesion and signal 
transduction pathways, which are  activated by 
cytokines (Hughes and Pfaff 1998). Other adhe-
sion molecules relevant in the context of mobiliza-
tion and homing are the platelet endothelial cell 
adhesion molecule-1 (PECAM, CD31) and CD44. 
It is also strongly expressed on CD34+ hematopoi-
etic stem and progenitor cells. The ligands of 
CD44, hyaluronic acid, and osteopontin are com-
ponents of the stromal micro environment. 
Monoclonal antibodies directed against CD44 
lower the adhesion of CD34+ cells to bone mar-
row stroma, induce the mobilization of progenitor 
cells in mice, and prevent hematopoiesis in long-
term bone marrow cultures (Miyake et al. 1990; 
Khaldoyanidi et al. 1996, 1997; Oostendorp et al. 

Fig. 10.1 Role of adhesion molecules and their ligands for mobilization of CD34+ hematopoietic stem cells
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10 1998; Rosel et al. 1999). Beside growth factors 
and adhesion  molecules, the alpha chemokine 
CXCL12 also known as stromal-derived factor 1 
(SDF-1) plays a relevant role in blood stem cell 
migration (Aiuti et al. 1997). The cellular receptor 
of SDF-1 is CXCR-4, which functions as core-
ceptor for T cell-tropic HIV-1 strains (Bleul et al. 
1996). CXCR-4 is expressed in CD34+ cells 
dependent on the degree of differentiation. The 
subset of CD34+/CD38low and CD34+/HLA-DRlow 
cells representing a population of more immature 
 progenitor cells stain brightly positive for CXCR-
4, whereas a lower level of CXCR-4 expression 
was observed on the population of CD34+/
CD38bright and CD34+/HLA-DRbright cells 
(Deichmann et al. 1997; Viardot et al. 1998). 
SDF-1 acts as chemoattractant for hematopoietic 
stem cells (Aiuti et al. 1997; Mohle et al. 1998; 
Voermans et al. 1999).

10.2.2 
 The Role of Hematopoietic Growth Factors

In the vast majority of patients and normal 
donors hematopoietic growth factors are used for 
the mobilization of peripheral blood stem cell 
and progenitor cells. Our first studies addressing 
the mobilizing ability of hematopoietic growth 
factors were carried using granulocyte mac-
rophage colony-stimulating factor (GM-CSF). 
In a group of 11 patients with different types of 
hematological malignancies and a history of 
extensive previous cytotoxic chemotherapy, an 
approximately 18-fold increase of circulating 
colony-forming units granulocyte macrophage 
(CFU-GM) in comparison to baseline values 
was observed (Socinski et al. 1988). An even 
fivefold greater enhancement was observed 
when GM-CSF was administered following 
cytotoxic chemotherapy to increase the natural 
rebound of circulating CD34+ cell during 
hematopoietic recovery (Socinski et al. 1988). 
Looking at the mobilizing capacity of G-CSF in 
comparison to GM-CSF, no significant differ-

ence became apparent between these two growth 
factors (Winter et al. 1996; Hohaus et al. 1998). 
In the following studies, peripheral blood stem 
cell mobilization was performed in the context 
of a cytotoxic chemotherapy. This kind of periph-
eral blood stem cell mobilization is generally 
associated with a lower likelihood of harvesting 
malignant cells, particularly if the malignancy 
proved to be chemosensitive (Hohaus et al. 1993; 
Haas et al. 1992, 1994a, 1997). The advantage of 
a chemotherapy-based peripheral blood stem 
cell mobilization is best reflected by the data of a 
study with an intraindividual comparison (Mohle 
et al. 1994). In that setting, we observed a seven-
fold greater yield of CD34+ cells per leukaphere-
sis after G-CSF-supported chemotherapy 
compared with steady-state administration of 
G-CSF at a dose of 5 mg/kg/day.

In order to get a better understanding of the 
processes underlying peripheral blood mobili-
zation, we and other groups looked for differ-
ences between CD34+ cells from bone marrow 
and peripheral blood during G-CSF-enhanced 
marrow recovery and found a 3.7-fold greater 
peak concentration of CD34+ cells in the periph-
eral blood during G-CSF-supported recovery in 
comparison with bone marrow samples from 
steady-state hematopoiesis (Haas et al. 1995). 
Independent of the method used for peripheral 
blood stem cell mobilization the vast majority 
of circulating CD34+ cells were found to be in 
the G0/G1 phase, including a greater proportion 
of more primitive CD34+ cells. This could be 
concluded from the results of functional assays 
enumerating the long-term culture-initiating 
cells and pre-CFU-GM (Tarella et al. 1995). 
The functional data were in line with findings 
made by immunophenotyping demonstrating 
that a greater proportion of mobilized peripheral 
blood stem cells expressed the early stem cell-
associated antigen Thy-1 in comparison with 
bone marrow (Fig. 10.2) (Haas et al. 1995).

We addressed this aspect on a molecular 
level and assessed the gene expression of 
1,185 genes in highly enriched bone marrow 
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CD34+ or G-CSF-mobilized peripheral blood 
CD34+. Using cDNA array technology we 
found that 65 genes were significantly differ-
entially expressed. These data molecularly 
confirmed and explained the finding that 
CD34+ cells residing in the bone marrow cycle 
more rapidly, whereas circulating CD34+ cells 
consist of a higher number of quiescent stem 
and progenitor cells. All together, these results 
are a strong basis for the preferential use of 
blood-derived progenitor cells rather than 
bone marrow for autologous or allogeneic 
transplantation since the more primitive 
hematopoietic progenitor cells or even stem 
cells are particularly relevant for sustained 
long-term hematopoiesis following myeloab-
lative conditioning therapy (Haas et al. 1995; 
Dercksen et al. 1995).

The composition of the various CD34+ cell 
subsets also depends on whether G-CSF is 
administered during steady-state hematopoiesis 
or following cytotoxic chemotherapy. In a study 

including patients with acute leukemia, 
Hodgkin’s disease, non-Hodgkin’s lymphoma, 
or MM, the amount of CD34+ cells collected 
post-chemotherapy was 5.7-fold greater in 
 comparison with a peripheral blood stem cell 
harvest obtained during steady state (Haas et al. 
1995). In particular, the mean proportion of 
more primitive CD34+ progenitors lacking 
HLA-DR or CD38 expression was smaller in 
patients with peripheral blood stem cell collec-
tion following G-CSF-supported chemotherapy 
than during steady-state mobilization. Consi-
dering the greater number of CD34+ cells mobi-
lized in total, the absolute amount of CD34+/
HLA-DR– cells was still 2.3-fold greater post-
chemotherapy. On the other hand, the propor-
tion of lineage-committed CD34+/CD33+ cells 
was significantly enhanced post-chemotherapy 
in comparison with steady-state mobilization. 
These data are in line with findings of another 
group showing that CD34+ cells, mobilized fol-
lowing G-CSF during steady state, contained a 
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10 greater proportion of CD38– cells than CD34+ 
cells mobilized by other regimens (To et al. 
1994).

10.2.3 
 The Role of Cytotoxic Stem Cell Mobilization

Irrespective of the growth factor used and the 
particular mode of application, there is always a 
wide variation in the mobilization efficacy 
between normal volunteers as well as among 
patients (Roberts et al. 1995). Individual factors 
or characteristics associated with peripheral 
blood stem cell mobilization in patients are 
essentially the dose of cytotoxic chemotherapy 
administered for mobilization, the underlying 
disease and the cumulative amount of previous 
cytotoxic treatment, as well as previous radio-
therapy. For instance, administration of 7 g/m2 
cyclophosphamide in comparison with 4 g/m2 
resulted in significantly greater peak levels of 
CD34+ cells in the peripheral blood of patients 
with MM (Goldschmidt et al. 1996). Goldschmidt 
et al. treated 103 myeloma patients with 7 g/m2 
cyclophosphamide followed by daily 300 mg 
G-CSF to harvest peripheral blood progenitor 
cells (Goldschmidt et al. 1997). Peripheral blood 
stem cell autografts containing >2.0 × 106 CD34+ 
cells per kg body weight were obtained at the 
first attempt from 90 of 100 evaluable patients. 
The most significant factor predicting impair-
ment of peripheral blood stem cell collection 
was the duration of previous melphalan treat-
ment. In multivariate discriminate analysis, 
treatment with melphalan during the most recent 
chemotherapy cycles prior to mobilization and 
previous radiotherapy had a marginally signifi-
cant negative influence on the efficacy of periph-
eral blood stem cell collection. The functional 
capacity of CD34+ cells to restore hematopoiesis 
after myeloablative treatment was not reduced 
related to the duration of melphalan exposure. 
At the time of best response to conventional 
treatment, a median paraprotein reduction of 

21% was achieved following high-dose cyclo-
phosphamide. Two heavily pre-treated patients 
died, and one patient developed pulmonary tox-
icity WHO grade IV following high-dose cyclo-
phosphamide. Poten tial transplant candidates 
should undergo mobilization and harvesting of 
PBPC before melphalan-containing treatment. 
Combinations of hematopoietic growth factors 
and their dose-modifications should be investi-
gated to improve PBPC collection and to allow 
a dose reduction of the mobilization chemother-
apy. Another study reported on the G-CSF-
related mobilization efficiency in 120 patients 
with MM who received cytotoxic chemotherapy 
(Martin-Murea et al. 1998). Three schedules of 
G-CSF administration starting 24 h after the end 
of chemotherapy were used: (a) a standard dose 
of 300 mg/day until the completion of peripheral 
blood stem cell collection, (b) dose escalation 
from 300 to 600–1,200 mg/day during marrow 
recovery, (c) 600 or 1,200 mg/day starting 24 h 
after cytotoxic chemotherapy. As a result, the 
individual dose per kg bodyweight varied 
between 2.83 and 23.08 mg. No relationship was 
found between the dose of G-CSF administered 
and the peak level of circulating CD34+ cells or 
the CD34+ cell counts recorded over the entire 
collection period. In another retrospective study, 
including 61 patients with lymphoma, we looked 
for patient-associated factors that may influence 
the yield of CD34+ cells following G-CSF-
supported cytotoxic chemotherapy (Haas et al. 
1994a). We found that previous cytotoxic che-
motherapy and irradiation adversely affected the 
yield of CD34+ cells. As consequence, we pro-
posed to harvest peripheral blood stem cells as 
early as possible during the course of the  disease 
to ensure a yield sufficient to support HDT.

The minimum quantity of CD34+ cells 
needed for transplantation is generally accepted 
to lie between 2.5 and 5.0 × 106/kg body weight 
(Hohaus et al. 1993; Haas et al. 1994b; Reiffers 
et al. 1994). In the context of these analyses, a 
relationship was found between the number of 
CD34+ cells transplanted and the time required 
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for hematological reconstitution. Not surpris-
ingly, patients who received a greater number of 
CD34+ cells/kg needed shorter recovery times 
than patients grafted with a smaller number of 
CD34+ progenitor cells (Hohaus et al. 1993; 
Bensinger et al. 1994; Weaver et al. 1995; 
Ketterer et al. 1998). Following the successful 
experience made with peripheral blood stem 
cells in the context of autografting, this source 
of hematopoietic stem and progenitor cells also 
serves for allogeneic transplantation (Dreger 
et al. 1994; Bensinger et al. 1995; Korbling 
et al. 1995; Schmitz et al. 1995).

In the following, we will address the aspect 
of contamination of the autograft with malignant 
cells. Gene-marking studies in patients with 
acute myeloid leukemia and neuroblastoma 
have shown that malignant cells reinfused along 
with leukapheresis products may contribute to 
relapse. Thus, a reduction in the number of 
malignant cells in autografts is desirable. Cremer 
et al. analyzed the percentage of malignant cells 
and the number of CD34+ peripheral blood stem 
cells in leukapheresis products mobilized by 
G-CSF alone compared with high-dose cyclo-
phosphamide plus G-CSF in patients with MM 
(Cremer et al. 1998). A quantitative polymerase 
chain reaction assay involving CDR3-specific 
primers based on the method of limiting dilu-
tions was used to determine the tumor loads of 
leukapheresis products. Sixteen autografts from 
eight patients with MM were analyzed intraindi-
vidually in matched pairs. The percentage of 
malignant cells was lower in leukapheresis 
products obtained after cyclophosphamide 
administration (p = 0.017; median 0.0067 vs 
0.009%), whereas the number of CD34+ cells 
was higher (p = 0.012; median 0.3 vs 0.095%). 
The calculated number of malignant cells per 
CD34+ cell was significantly lower in leuka-
pheresis products after cytotoxic mobilization as 
well (p = 0.017). We conclude that mobilization 
by cyclophosphamide plus G-CSF leads to a 
lower number of malignant cells per CD34+ cell 
in LPs compared with G-CSF alone.

10.2.4 
 The Role of Pegfilgrastim  
for Stem Cell Mobilization

Progress in the field of peripheral blood stem cell 
mobilization has been made by a chemical modi-
fication of G-CSF, i.e., the pegylation of fil-
grastim. Different from the original compound 
PEG-filgrastim is characterized by a  significantly 
longer half-life because of a substantially reduced 
renal elimination (Zamboni 2003). In the first 
study including patients with different types of 
hematological malignancies, we could demon-
strate safety and efficacy of this new compound 
in mobilizing a sufficient number of CD34+ cells 
required for at least one autologous transplanta-
tion (Steidl et al. 2005). In a  subsequent study, 
pegfilgrastim was given at two  different dose 
levels for PBPC mobilization in patients with 
stage II or III MM (Bruns et al. 2006). Four days 
after cytotoxic therapy with cyclophosphamide 
(4 g/m2), a single dose of either 6 mg pegfil-
grastim or 12 mg  pegfilgrastim or daily doses of 
8 mg/kg unconjugated G-CSF were administered. 
Pegfilgrastim was equally potent at 6 and 12 mg 
with regard to mobilization and yield of CD34+ 
cells. Pegfilgrastim in either dose was associated 
with a more rapid white blood count recovery 
(p = 0.03) and an earlier performance of the first 
apheresis procedure (p < 0.05) in comparison to 
unconjugated G-CSF. There was no difference 
regarding CD34+ cell maximum and yield. We 
therefore concluded that a single dose of 6 mg 
pegfilgrastim is equally potent as 12 mg for 
mobilization and harvest of peripheral blood 
stem cells in patients with MM. In the context of 
pegfilgrastim, it was interesting to note that the 
pegfilgrastim-exposed CD34+ cells had a subset 
composition different from that of filgrastim-
mobilized CD34+ cells, i.e., a greater proportion 
of more primitive CD34+ cells as characterized 
by the lack of CD38 expression (Fig. 10.3) 
(Bruns et al. 2008). The different subset com-
position was accompanied by a significantly 
 different gene expression profile reflecting the 
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preponderance of a more immature CD34+ cell 
subset on the level of the transcriptome. For 
instance, the CD34+ cells mobilized by pegylated 
G-CSF had higher expression levels of genes 
indicative of early hematopoiesis, including 
HOXA9, MEIS1, and GATA3. We found lower 
expression of genes characteristic of erythroid 
and later stages of myeloid differentiation and a 
lower functional burst-forming unit erythroid/
colony-forming unit-granulocyte-macrophage 
ratio. Consistently, greater numbers of hematopoi-
etic stem cells and common  myeloid progenitors 
and fewer megakaryocyte-erthrocyte progenitors 
were found in the  pegylated-G-CSF-mobilized 
CD34+ cells. Additionally, sorted pegylated- 
G-CSF- mobilized hematopoietic stem cells  

displayed higher expression of HOXA9 in com-
parison to G-CSF-mobilized hematopoietic stem 
cells. In line with the gene expression data, 
CD34+ cells mobilized by pegylated G-CSF, as 
well as sorted hematopoietic stem cells, showed 
a significantly greater cell cycle activity. Thus, 
stimulation with pegylated-G-CSF or G-CSF 
results in different expression of key regulatory 
genes and different functional properties of 
mobilized hematopoietic stem cells as well as 
their progeny, a finding that might be relevant for 
the application of these cells in blood stem cell 
transplantation.

This can be concluded from the results of a 
recent clinical trial in which the authors found 
significantly greater leukocyte, reticulocyte, 

Fig. 10.3 (a) Different patterns of 
hematopoietic stem and progenitor 
cells in the peripheral blood of patients 
stimulated with either Peg-G-CSF 
(left) or G-CSF (right). 
Immunomagnetic selection of CD34+ 
cells followed by multicolor flow 
cytometry was utilized to analyze 
hematopoietic stem and progenitor 
cell subsets. After gating on viable 
cells and lineage-depletion 
subfractions of hematopoietic stem 
cells (Lin–, CD34+, CD38–), common 
myeloid progenitors (Lin–, CD34+, 
CD38+, IL-3Ra+, CD45RA–), 
granulocyte monocyte progenitors 
(Lin–, CD34+, CD38+, IL-3Ra+, 
CD45RA+), and megakaryocyte 
erythrocyte progenitors  
(Lin–, CD34+, CD38+, IL-3Ra–, 
CD45RA–) were determined.  
(b) Clonogenic assays of mononuclear 
cells (left) and purified CD34+ cells 
(right) of patients mobilized by either 
Peg-G-CSF or G-CSF. Mononuclear 
cells from apheresis products of 
patients mobilized with either 
Peg-G-CSF or G-CSF were seeded in 
semisolid growth medium containing 
stem cell factor, GM-CSF, colony-
stimulating factor, interleukin-3, 
interleukin-6, and erythropoietin.

G-CSF

HSC
13.1 %

Peg-G-CSF 

HSC
15.9 %

104

103

102

101

100

104

103

102

101

100

104103102101100 104103102101100

CD38 – APC/Cy7 CD38 – APC/Cy7

CMP
28 9 %

CMP
43 9 %

C
D

34
 -

A
P

C

CD45RA - FITC

GMP
17.2 %

MEP
20.0 %

CD45RA - FITC

 

GMP
22.1 %

MEP
8.3 %

IL
-3

R
α-

P
E

100
p=0.038 p=0.016

1

4.00

B
F

U
-E

/C
F

U
-G

M
 r

at
io

(lo
g 

sc
al

e)

1.40

4.00

Peg-G-CSF G-CSF Peg-G-CSF G-CSF

7.6710

a

b



21510 High-Dose Therapy and Autologous Peripheral Blood Stem Cell Transplantation in Patients with Multiple Myeloma    

and platelet counts on day 100 after initial 
engraftment following transplantation of pegfil-
grastim-mobilized autografts compared to grafts 
mobilized by unconjugated G-CSF (Vanstraelen 
et al. 2006). Of interest, the number of pegfil-
grastim mobilized CD34+ cells transplanted was 
even smaller than the number of G-CSF-
mobilized cells (p = 0.0575). Hence, it was 
assumed that different biological functions of 
pegfilgrastim-mobilized cells may have accounted 
for these observations (Vanstraelen et al. 2006). 
Searching for the underlying mechanism that 
may explain the different transcriptional and 
functional phenotypes of pegfilgrastim-mobi-
lized cells, it has been previously shown in a 
murine G-CSF receptor knock-out model that 
pegfilgrastim and G-CSF exert their pharmaco-
logical effects via the same G-CSF receptor 
(Kotto-Kome et al. 2004). Thus, the different 
effects of G-CSF and pegfilgrastim are appar-
ently not related to activation of different recep-
tors. Interestingly, in a recent randomized 
clinical trial, the effect of continuous  intravenous 
administration versus daily single subcutaneous 
doses of G-CSF on CD34+ cell mobilization  
was examined (Lee et al. 2005). The authors 
found that CD34+ cell peak concentrations were 
reached 2 days earlier following continuous 
intravenous G-CSF administration compared to 
daily subcutaneous injections. These findings 

and the mobilization kinetics observed follow-
ing the administration of pegfilgrastim suggest 
that the time-course of stimulation (pulsatile vs. 
continuous), rather than a dose-related mecha-
nism, might account for the distinct effects of 
pegfilgrastim and G-CSF on hematopoietic stem 
and progenitor cells.

10.3 
 High-Dose Therapy and Autologous  
Stem Cell Transplantation

10.3.1 
 The Beginning of High-Dose Therapy  
in the 1980

Dr. Solly published the first well-documented 
case of a patient with MM in 1844, and treat-
ment consisted of rhubarb and orange peel 
(Solly 1844). Dr. Thomas Watson used an alter-
native treatment 1 year later, who prescribed 
steel and quinine after application of phlebot-
omy in a similar patient (Macintyre 1850). It 
was nearly 100 years later that Blokhin et al. 
(1958) reported the effective application of mel-
phalan in a small series of patients, and this was 
the beginning of modern chemotherapy as treat-
ment in patients with MM (Fig. 10.4). Another 
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10 important step was the introduction of steroids 
(Maas 2008). Taken together, the combination 
of melphalan and prednisone was established by 
Alexanian et al. in 1969 (Alexanian et al. 1969). 
In a randomized trial of 183 patients with MM, 
a survival benefit of 6 months could be observed 
with melphalan and prednisone in comparison 
to melphalan alone. Based on this study, the 
classic Alexanian protocol became the standard 
of care for patients with MM for nearly 30 years. 
Several trials compared different combination 
chemotherapies to melphalan and prednisone in 
a randomized fashion, and various combina-
tions were associated with higher response rates 
or a more rapid induction of remission (Myeloma 
Trialists’ Collaborative Group 1998). Still, no 
combination could show a survival advantage, 
and thus melphalan and prednisone remained 
the gold standard of myeloma therapy for 
decades. Median overall survival in this time 
was  approximately 3 years.

The change in treatment standards began 
when Mc Elwain and Powles (1983) reported 
on a patient with plasma cell leukemia who 
achieved a complete remission after treatment 
with 140 mg/m2 melphalan. In the following, 
the group from the Royal Marsden Hospital 
showed a dose-effect of melphalan in patients 
with MM. While a complete remission could 
only be observed in 5% of patients following 
conventional chemotherapy, administration of 
140 mg/m2 melphalan induced complete remis-
sions in 35% of patients (Cunningham et al. 
1994). This treatment was associated with pro-
longed cytopenias, resulting in a high treatment-
related mortality. Despite this experience, 
several other investigators further increased the 
dose of melphalan and transplanted autologous 
blood stem cells in order to reduce the toxicity 
of the procedure. In that respect, Barlogie and 
coworkers were pioneers, who developed “Total 
Therapy,” an intensive treatment regimen using 
HDT and autologous PBSCT (Barlogie et al. 
1999).

10.3.2 
 The Role of Purging of the Autograft

MM is characterized by a various degree  
of peripheral blood and bone marrow involve-
ment with malignant plasma cells. Therefore, 
hematopoietic stem cell grafts often contain 
tumor cells. Using qualitative IgH PCR, it has 
been shown that almost all unselected leuka-
pheresis products contained cells belonging to 
the myeloma clone (Corradini et al. 1995, 1999; 
Martinelli et al. 2000). As a consequence, sev-
eral groups tried to reduce the number of tumor 
cells in autografts (Vescio et al. 1999; Lemoli 
et al. 1999; Stewart et al. 2001). The most 
widely used in vitro purging method is the posi-
tive selection of CD34+ progenitor cells using 
immunomagnetic beads. Still, clone-specific 
IgH rearrangements were detectable in most 
CD34+-enriched leukapheresis products (Bird 
et al. 1994; Abonour et al. 1998; Lemoli et al. 
1996; Johnson et al. 1996) as well as in autografts 
obtained after negative selection of lineage- 
positive cells, even despite the combined use of 
positive selection of CD34+ cells and depletion 
(Lemoli et al. 1999; Barbui et al. 2002; Tricot 
et al. 1998). The use of quantitative IgH PCR on 
samples from blood stem cell harvests has pro-
vided the means to accurately quantify the suc-
cess of in vitro purging procedures. A reduction 
of three log of contaminating myeloma cells has 
been demonstrated in most studies (Barbui et al. 
2002; Schiller et al. 1995; Thunberg et al. 1999), 
which could be further increased using experi-
mental small-scale CD34+ separation systems 
(Voena et al. 2002; Cremer et al. 1997). Different 
in vivo purging strategies also did not result in a 
complete elimination of clonotypic cells in stem 
cells harvests. It could be shown that the num-
ber of malignant cells was significantly lower in 
leukapheresis products obtained after cytotoxic 
mobilization than after steady-state mobiliza-
tion (Cremer et al. 1998). Repeated courses of 
mobilization chemotherapy led to a median 
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reduction of myeloma cells of 0.2 log per cycle 
(Ladetto et al. 2002). There were no differences 
in the number of myeloma cells in leukapheresis 
products obtained at different days during the 
harvesting period (Ladetto et al. 2002; Zhou 
et al. 2003; Kiel et al. 1998; Lincz et al. 2001). 
A median 15-fold higher proportion of tumor 
cells was found in bone marrow harvests  
than in peripheral blood leukapheresis products 
(Ladetto et al. 2002; Vescio et al. 1996), which 
resulted in equal total clonotypic cell numbers 
in BM or PB autografts, because of the increased 
total number of required cells for peripheral 
blood SCT.

The prognostic value of IgH PCR of stem 
cell harvests is questionable. In one study, 
patients, who received leukapheresis products 
with no evidence of residual myeloma cells as 
assessed by IgH PCR, were more likely to obtain 
a CR following transplantation and had a bor-
derline significant longer progression-free and 
overall survival (Lopez-Perez et al. 2000, 2001). 
Others could not consequently reproduce this 
finding (Mitterer et al. 2001; Galimberti et al. 
2003). It is conceivable, that the possibility to 
purge an autograft to PCR negativity is a reflec-
tion of a lower tumor burden in vivo and there-
fore associated with a better prognosis, while 
the tumor cells infused in patients with PCR 
positive autografts per se are not of relevance. 
This is in line with clinical findings showing, 
that the use of selected autografts did not have a 
significant benefit regarding the event-free or 
overall-survival of patients in three randomized 
multicenter trials (Vescio et al. 1999; Stewart 
et al. 2001; Lemoli et al. 2000; Bourhis et al. 
2007). Moreover, the incidence of infections 
and delayed engraftment is greater in patients 
receiving CD34+ selected PB stem cell grafts in 
comparison to those who autografted using 
unselected leukapheresis products. Because of 
these results and the high costs of the selection 
procedure, today CD34+ cell selection of 
autografts has been abandoned in case of MM.

10.3.3 
 The Role of the Conditioning Regimen

The reason, why a reduction of graft contamina-
tion by myeloma cells does not improve disease 
control, most probably is the failure of HDT to 
eradicate the malignant cells in patients to a 
level below the number of reinfused tumor cells. 
Thus, great effort has been undertaken to fur-
ther improve the conditioning regimen of HDT 
and autologous SCT.

Melphalan has been given as monotherapy, in 
combination with total body irradiation (TBI) 
and in combination with other chemotherapeutic 
agents. TBI was used in analogue to regimen in 
patients with leukemia because MM is a radio-
sensitive malignancy. In a retrospective study, we 
evaluated the efficacy and toxicity of a high-dose 
melphalan-based therapy with or without TBI 
followed by peripheral blood SCT in patients 
with MM (Goldschmidt et al. 1998). Between 
June 1992 and June 1996, 104 patients with a 
median age of 51 years underwent transplanta-
tion at the University of Heidelberg. Fifty patients 
were treated with TBI plus melphalan 140 mg/m2 
while 54 patients received melphalan 200 mg/m2. 
Following peripheral blood stem cell autograft-
ing, the median time to attainment of platelets 
³20 × 109/L and neutrophils ³0.5 × 109/L was 11 
and 14 days, with no difference between the 
treatment groups. In the TBI group significantly 
longer periods of total parenteral nutrition were 
required due to the occurrence of severe mucosi-
tis. Two patients from the TBI group died of 
transplantation-related complications. Following 
high-dose treatment, remission state improved in 
43 out of 102 patients. No statistically significant 
advantage in reaching complete or partial remis-
sion was observed with TBI and high-dose mel-
phalan compared to the treatment with high-dose 
melphalan alone. The optimal high-dose treat-
ment, with particular reference to the inclusion or 
omission of TBI, should be prospectively investi-
gated. These findings were confirmed by a 
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10 prospective randomized study (Moreau et al. 
2002). Patients randomly assigned to melphalan 
200 mg/m2 in this study had significantly faster 
hematologic recovery, less transfusion require-
ments, a lower incidence of severe mucositis, and 
had to stay a shorter period of time in hospital. 
While the median duration of event-free survival 
was similar in both arms, the 4 years estimate for 
overall survival was significantly better in 
patients receiving melphalan 200 mg/m2 with 
66% versus 46%. In accordance to this result, the 
EBMT presented registry data on 2,404 patients 
with an autologous transplantation for MM show-
ing that patients, who had received preparative 
regimen without TBI, had a significantly longer 
overall survival (Bjorkstrand 2001). As a conse-
quence, preparative regimens including TBI are 
not recommended.

Hypothesizing a positive dose-response rela-
tionship several groups tried to further increase 
the dose of HDT regimen. Several groups 
obtained dose intensification by a more inten-
sive chemotherapeutic regimen (Fenk et al. 
2005a; Anagnostopoulos et al. 2004; Abraham 
et al. 1999; Martinelli et al. 2003). So, patients 
with advanced myeloma were included in a pilot 
study and received idarubicin 60 mg/m2, mel-
phalan 200 mg/m2, and cyclophosphamide 
120 mg/kg (Heyll et al. 1997). Seven of eight 
patients in the pilot study achieved a near com-
plete remission, and the toxicity observed 
appeared to be acceptable. There was no toxic 
death, but severe mucositis and fever of unknown 
origin were observed in all patients. However, 
when this regimen was compared to melphalan 
200 mg/m2 in a randomized trial for previously 
untreated patients, the rate of near complete 
remissions was higher with the dose intense 
regimen with 30% versus 10%, but did not 
translate in a better event-free or overall survival 
(Fenk et al. 2005a). Moreover, the intensive 
regimen was associated with a significantly 
increased toxicity in terms of severe mucositis 
followed by infectious complications associated 
with a treatment-related mortality of 20%. In 
line with this finding, other studies using 

different dose- escalated conditioning regimen 
have also shown an increased mortality without 
improvement of event- free or overall survival 
(Anagnostopoulos et al. 2004; Abraham et al. 
1999; Martinelli et al. 2003). In the light of these 
data, the generally accepted high-dose therapy 
for patients with MM in our days is melphalan 
200 mg/m2.

Currently studies are under way, which com-
bine bortezomib with melphalan as part of the 
high-dose therapy. Promising results with high 
CR rates in relapsing and refractory patients 
have been reported so far (Roussel et al. 2008), 
but further randomized studies have to confirm 
this preliminary data in the future.

10.3.4 
 Supportive Care During High-Dose Chemotherapy

With melphalan 200 mg/m2 treatment-related 
mortality of HDT is relatively low and mainly 
related to hematological toxicity associated with 
febrile neutropenia and mucositis. The majority 
of severe infectious complications result from 
grade IV neutropenia. Without administering 
hematopoietic growth factors, increased levels 
of G-CSF have been observed in patients during 
the early phase of marrow aplasia following 
HDT and autologous SCT (Haas et al. 1993). 
During later periods of marrow reconstitution 
after HDT, the use of recombinant human G-CSF 
has been shown to accelerate neutrophil engraft-
ment and to decrease the duration of febrile 
 neutropenia, which resulted in a reduced risk of 
treatment-related infections (Valteau-Couanet 
et al. 2005; Olivieri et al. 2004).

Pegfilgrastim, a pegylated derivate of fil-
grastim is characterized by a prolonged plasma 
half-life in vivo due to decreased renal clear-
ance. It has a similar effect on neutrophil recov-
ery as the usual filgrastim in patients receiving 
conventional chemotherapy (Holmes et al. 2002; 
Johnston et al. 2000). Pegfilgrastim is given 
only once following the end of cytotoxic chemo-
therapy, which is obviously advantageous and 
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more convenient for the patient. Pegfilgrastim 
administration following HDT with autologous 
transplantation leads to elevated plasma levels 
of pegfilgrastim, which are inversely related to 
the number of neutrophils (Fig. 10.5) (Fenk 
et al. 2006). Pegfilgrastim levels are more than 
100-fold higher than physiological G-CSF lev-
els observed after HDT with autologous SCT 
(Haas et al. 1993) and approximately tenfold 
higher than G-CSF levels after daily G-CSF 
application (Piccirillo et al. 1999). The duration 
of severe neutropenia is 5 days shorter in  
patients receiving pegfilgrastim  compared to 
those  without growth factor. The  susceptibility 
to  pegfilgrastim stimulation is reflected by an 
approximately fivefold rise of the absolute neu-
trophil count on the day following the adminis-
tration of pegfilgrastim. Patients showing this 
kind of response to pegfilgrastim have a particu-
larly short period of neutropenia. Our findings 
are in line with other groups (Vanstraelen et al. 
2006; Staber et al. 2005; Jagasia et al. 2005). In 
addition, they showed that there is no difference 
between the daily administrations of G-CSF 
versus the single injection of pegfilgrastim with 
regard to the time needed for neutrophil recov-
ery. Despite the shortened duration of neutrope-
nia, the duration of the stay in hospital is not 
shortened since there is no difference with 
respect to platelet recovery, infectious complica-
tions, mucositis, and the need for parenteral 
nutrition between the patients receiving pegfil-
grastim and those without. The rate and severity 
of mucositis can be reduced by the addition of 
human recombinant keratinocyte growth factor, 
which is a stimulator of the mucosal stem cells 
(Kobbe et al. 2006).

10.3.5 
 High-Dose Chemotherapy Is Superior  
to Conventional Chemotherapy

Since the introduction of HDT up to now, at 
least 20,000 patients with MM were treated 
with HDT and autologous SCT according to 

a European Blood and Marrow Transplant 
(EBMT) registry study (Bjorkstrand and 
Gahrton 2007). The first randomized study to 
demonstrate the superiority of HDT in com-
parison to conventional chemotherapy was 
from the French “intergroupe francophone de 
myelome” (IFM) and included 200 untreated 
patients, who were younger than 65 years 
without severe renal impairment (Attal et al. 
1996). In this trial, the rate of complete remis-
sions was significantly enhanced from 5% 
with conventional chemotherapy to 22% with 
HDT and autologous SCT. The improved 
response rate translated into a significantly 
longer median event-free survival of 
44 months following HDT versus 18 months 
in the control arm. There was also a signifi-
cantly longer median overall survival of 57 
versus 44 months. The British Medical 
Research Council (MRC) (Child et al. 2003) 
published similar results 7 years later. 
Therefore, HDT supported by autologous 
PBSCT became the standard therapy for 
young patients with multiple myeloma and 
normal renal function. Later, there were five 
other studies comparing single HDT and 
autologous PBSCT with conventional chemo-
therapy (Fermand et al. 1998, 2005; Palumbo 
et al. 2004; Blade et al. 2005; Barlogie et al. 
2006a). These studies were confirmatory with 
regard to the two studies from France and the 
UK. Still there were some concerns because 
of the lack of a significant survival benefit. 
Looking at the results of all randomized trials 
a greater rate of complete remissions in the 
patients receiving HDT could be observed in 
six of seven studies (Attal et al. 1996; Child 
et al. 2003; Fermand et al. 1998, 2005; 
Palumbo et al. 2004; Blade et al. 2005). In 
contrast, a  longer event-free survival was 
found in five of seven studies (Attal et al. 
1996; Child et al. 2003; Fermand et al. 1998, 
2005; Palumbo et al. 2004), while a longer 
overall survival was noted in three of seven 
studies (Attal et al. 1996; Child et al. 2003; 
Palumbo et al. 2004). In a meta-analysis of 
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nine HDT trials (Koreth et al. 2007), which 
also included studies with older patients who 
had received double intermediate-dosed con-
ditioning regimen, HDT was superior to con-
ventional therapy as far as event-free was 
concerned but not with regard to survival. The 
duration of survival is influenced by the use of 
more or less effective salvage therapies, in 
 particular since the introduction of novel 
agents (Kumar et al. 2008). Therefore, it is not 
surprising that HDT followed by autologous 
SCT remains the therapy of first choice for 
patients eligible for this treatment procedure.

10.3.6 
 Timing of High-Dose Chemotherapy

In principle, HDT with autologous PBSCT can 
be performed frontline as consolidation therapy 
following induction therapy or as salvage treat-
ment at the time of relapse after a conventional 
first-line therapy. Two studies have addressed 
this question in a randomized fashion (Fermand 
et al. 2005; Barlogie et al. 2006a). Both studies 
did not observe a difference with regard to 
 overall survival. In the study of Barlogie et al. 
(2006a), there was also no difference with 
regard to event-free survival. In contrast, 
Fermand et al. (2005) observed a significantly 
longer time of event-free survival in the “early” 
treatment group of patients with 39 versus 
13 months in those receiving HDT following a 
previous relapse. More important, the time 
spent without therapy was longer in the “early” 
treatment group with 28 versus 22 months. In 
none of the studies, a comparison was made 
with respect to quality of life. It should be also 
considered that patients not receiving up-front 
HDT are usually on therapy for a longer period 
of time which is associated with a greater risk 
that organ complications acquired along the 
conventional therapy hamper a “late” HDT. In 
addition, there is a higher risk for developing a 
secondary myelodysplastic syndrome because 

of the long exposition to low-dose alkylating 
agents. Therefore, HDT as first-line therapy is 
recommended, while despite this general rec-
ommendation HDT is of therapeutic efficacy at 
any stage of the disease. In the light of this state-
ment, peripheral blood stem cell collection 
should be performed following induction ther-
apy, irrespective whether an “early” or “late” 
HDT is envisaged.

10.3.7 
 Tandem Autologous Transplantation

The experience with HDT and autologous SCT 
showed that patients achieving a complete or at 
least very good partial response had a longer 
overall survival than patients, who achieved 
only a partial remission (Lahuerta et al. 2008). 
In order to accomplish a CR in as many patients 
as possible dose intensification by means of 
sequential cycles of HDT and autologous 
PBSCT was proposed by several investigators. 
In particular, Barlogie and coworkers at the 
University of Arkansas (Barlogie et al. 1997) 
introduced double or tandem HDT as part of the 
“Total Therapy” program. The French IFM 
(Attal et al. 2003) was the first group to demon-
strate feasibility and superiority of a tandem 
HDT in comparison to a single HDT in a ran-
domized trial for patients up to the age of 
60 years. Of all patients, 75% underwent a sec-
ond transplantation and the treatment-related 
mortality was less than 5%. The 7-year event-
free and overall survivals were 20% versus 10% 
and 42% versus 21% in favor for the tandem 
transplantation. However, the median differ-
ence in event-free and overall survival was – 
despite the statistical significance – only 2 and 
10 months, respectively. Moreover, in a sub-
group analysis the benefit of a second HDT was 
restricted to patients who did not achieve at 
least a very good partial response.

Five other randomized studies also investi-
gated the efficacy of tandem versus single HDT 
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10 and autologous PBSCT. In a recently published 
meta-analysis of all six trials (Kumar et al. 2009), 
taking into account 1,803 patients a significantly 
better response rate was obtained following 
 tandem HDT that was associated with a signifi-
cantly higher treatment-related mortality. As far 
as event-free and overall survivals were con-
cerned there was no statistically significant dif-
ference whether one or two HDT were performed. 
Excluding one study from the meta-analysis in 
which single HDT in combination with thalido-
mide maintenance treatment was compared to 
tandem HDT without thalidomide resulted in a 
significant change in the hazard ratio favoring 
tandem transplantation with respect to EFS. 
Further, data in this meta-analysis did not permit 
a subgroup analysis according to the response 
following the first HDT. In conclusion, the thera-
peutic benefit of tandem HDT is not entirely 
clear. As with single HDT the role of tandem 
HDT has to be readdressed in the light of the 
availability of new therapeutic compounds.

10.3.8 
 The Role of Induction Treatment

The novel agents such as thalidomide (Glas-
macher et al. 2006), bortezomib (Richar dson 
et al. 2005) and lenalidomide (Dimo poulos 
et al. 2007; Weber et al. 2007) have shown 
high efficacy in patients with relapsed or 
refractory MM. Therefore, several investiga-
tors have moved these agents from the relapsed 
setting into front-line therapy. In the context 
of HDT and autologous PBSCT all three drugs 
have been used for induction therapy either in 
combination with dexamethasone or with con-
ventional chemotherapy or with each other.

Studies using thalidomide in combination 
with dexamethasone and/or chemotherapy (Raj-
kumar et al. 2006; Cavo et al. 2005; Macro et al. 
2006; Lokhorst et al. 2008) as induction therapy 
demonstrated higher response rates before 

HDT. Nevertheless, this early difference was 
neutralized by HDT, as response rates after 
HDT were not different anymore. Only a longer 
follow-up will show whether this minor benefit 
will translate into a longer time of event-free 
and overall survival. The incidence of deep-
vein  thrombosis is higher with thalidomide 
combinations necessitating the use of prophy-
lactic anticoagulation.

Induction treatment with bortezomib results 
not only in a significant improvement of remis-
sion rates before transplant, difference that per-
sists following HDT. The rate of at least very 
good partial responses with bortezomib and 
dexamethasone in the IFM trial in comparison 
to VAD is also significantly greater with 68% 
versus 47% (Harousseau et al. 2006). Pre-
liminary data also show a benefit in terms of 
event-free survival. In addition, the high effi-
cacy in patients with extramedullary disease 
favors this combination. The problem with an 
induction treatment including bortezomib is the 
high incidence of peripheral neuropathy, which 
develops in 46% of all patients including 7% 
with WHO grade 3 and 4.

Induction treatment with lenalidomide in 
combi nation with dexamethasone induces remis-
sions in the majority of patients. A randomized 
comparison (Rajkumar et al. 2006) of lenalido-
mide with low-dose dexamethasone versus lena-
li domide with high-dose dexamethasone resulted 
in a comparable therapeutic efficacy, but the tox-
icity was markedly reduced in patients receiving 
low-dose dexamethasone.

A longer follow-up is needed to estimate the 
therapeutic potential of the new drugs with 
regard to overall survival of patients. Until then, 
combinations with lower dosages of novel agents 
should be examined in order to reduce the toxic-
ity of induction therapy without compromising 
the efficacy. Taken together, for patients outside 
of clinical trials, it is a reasonable approach to 
begin with conventional induction therapy and 
only change treatment to novel agents in case of 
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unresponsiveness. This way, undue toxicity can 
be avoided. For high-risk patients with extramed-
ullary disease or abnormal karyotype novel 
agents may also be considered as up-front ther-
apy (Laura et al. 2006; Jagannath et al. 2007; 
Bahlis et al. 2006). In all studies with novel 
agents, peripheral blood stem cells could be col-
lected for the majority of patients, while their 
number was reduced in comparison to patients 
receiving the conventional type of induction 
therapy. Therefore, a discontinuation of the novel 
agents is recommended before PBSC mobiliza-
tion is initiated.

10.3.9 
 The Role of Consolidation or Maintenance 
Treatment

Besides induction therapy novel agents were 
also used after transplantation in order to fur-
ther reduce residual tumor cells and prolong the 
duration of disease control. Maintenance ther-
apy with interferon (INF) alpha or corticoster-
oids is associated with severe constitutional 
symptoms leading to a reduced quality of life. 
In addition, INF alpha has only a little effect on 
the course of the disease, if any effect at all 
(Myeloma Trialists’ Collaborative Group 2001). 
Thus, with the availability of novel agents INF, 
alpha and corticosteroids are not used for main-
tenance therapy anymore.

Introduced by the Arkansas group (Barlogie 
et al. 2006b), thalidomide was continuously 
administered at different doses from the start of 
induction therapy, throughout tandem HDT and 
following HDT until disease progression. In a 
randomized comparison with patients not 
receiving thalidomide, treatment with thalido-
mide resulted in higher rates of complete remis-
sion with 62% versus 44%, while the 5-years 
survival rate was also superior with 56% versus 
44%. Still, overall survival was not different in 
both treatment arms. After a follow-up time of 

72 months, the group of patients with cytoge-
netic abnormalities showed had a better overall 
survival when they had received thalidomide 
(Barlogie et al. 2008).

The use of thalidomide only after HDT 
seems to be more effective. In a randomized 
study from the French IFM, 597 patients were 
randomized between three kind of maintenance 
therapies after tandem HDT and PBSCT (Attal 
et al. 2006). Patients received pamidronate, 
pamidronate plus thalidomide, or nothing. the 
Patients receiving thalidomide had the longest 
event-free survival at 3 years with a proportion 
of 52% versus 36% and an overall survival rate 
at 4 years of 87% versus 75%. Only patients 
with chromosome 13 deletion or with achieve-
ment of a complete or very good partial remis-
sion did not benefit from thalidomide treatment. 
Other studies (Abdelkefi et al. 2008; Spencer 
et al. 2006; Fenk et al. 2005b) have confirmed 
these results. Abdelkefi et al. (2008) showed 
that a maintenance therapy with thalidomide 
over a period of 6 months after a single HDT 
and autologous PBSCT is even superior to a 
tandem HDT without maintenance therapy.

The major side effect of thalidomide is a 
severe polyneuropathy forcing approximately 
60% of the patients to discontinue the therapy 
(Barlogie et al. 2006b). This toxicity is very 
disadvantageous as patients, who are able to 
tolerate thalidomide for more than 10 months 
have a statistically significantly longer survival 
time than patients who had to abandon thalido-
mide due to adverse events (Lilienfeld-Toal 
et al. 2007). In addition, there is no consensus 
about the optimal treatment schedule and dose. 
Lenalidomide provides a useful alternative, as 
it is more potent in vitro and less toxic than tha-
lidomide. It is also effective in high-risk 
patients with chromosome 13 deletions (Bahlis 
et al. 2006). Therefore, lenalidomide has the 
potential to improve remission rates, event-
free, and overall survival following HDT with-
out relevant toxicity. In principle, bortezomib 
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10 may also be considered for maintenance, 
although a greater risk of developing polyneu-
ropathies has to be envisaged in comparison to 
lenalidomide.

Another experimental alternative for main-
tenance therapy after HDT could be an isotype 
vaccination with dendritic cells (Abdalla et al. 
2007; Curti et al. 2007; van Rhee 2007; Bogen 
et al. 2006). DC based vaccines for patients 
with malignant diseases generated under dif-
ferent culture conditions have been investi-
gated for more than a decade. Despite these 
efforts, clinical results of DC vaccination stud-
ies showed therapeutic efficacy only in a lim-
ited number of patients so far (Nestle et al. 
2005). In search of an alternative way for DC 
generation, we examined the molecular and 
functional characteristics of dendritic cells 
generated with interferon and GM-CSF 
(IFN-DC) and compared the results with den-
dritic cells generated with the classical proto-
col using IL-4 and TNF-alpha (IL-4/TNF-DC) 
(Korthals et al. 2007). We could show that 
both, IFN-DC and IL-4/TNF-DC, display typi-
cal DC characteristics, but also have distinct 
molecular and functional phenotypes. Our 
results from gene expression analysis show 
that IFN-DC have signs of a pronounced matu-
ration state and an increased migratory capac-
ity to the lymph nodes in comparison to IL-4/
TNF-DC. Strikingly, IFN-DC showed a more 
plasmacytoid phenotype associated with NK 
cell characteristics on a molecular and protein 
level as well as a functional cytotoxic activity 
against tumor cells. We found a significant 
upregulation of 32 genes strongly related to 
NK cell functions in IFN-DC compared to 
IL-4/TNF-DC. These include NK cell recep-
tors NKp80, NKp44, NKp46, and NKG2D that 
are synergizing the cytotoxic activity of NK 
cells (Bryceson et al. 2006; Moretta et al. 
2001), as well as CD56 and cytotoxic effector 
molecules such as granzymes and TRAIL. 
Indeed, on protein level, we could detect intra-
cellular pools of TRAIL and granzyme B in 

IFN-DC. Finally, as a further corroboration of 
the suggested cytotoxic capacity, IFN-DC, but 
not IL-4/TNF-DC, was able to kill K562 cells 
in vitro. These findings are of particular inter-
est, as a new murine DC cell population has 
been recently described, termed interferon- 
producing killer dendritic cells (IKDC), that 
express molecular markers of plasmacytoid 
DC and NK cells (Chan et al. 2006; Taieb et al. 
2006). IKDC exhibit specific cytolytic activity 
upon contact with tumor cells or activation 
with CpG oligonucleotides and subsequently 
upregulate costimulatory molecules, migrate to 
the lymph nodes and present antigen to T cells. 
Indeed, nine of the genes specifically expressed 
by IKDC, including granzymes, NKG2D, 
NKp46, and CD49b as determined by microar-
ray analysis (Chan et al. 2006), were also dif-
ferentially expressed by IFN-DC in comparison 
to IL-4/TNF-DC. Together with the pronounced 
migratory potential and the cytotoxic capacity 
of IFN-DC, the similarities between IFN-DC 
and mouse IKDC suggest that also in humans a 
molecular and functional relationship exists 
between DC and NK cells. In conclusion, 
IFN-DC, which can not only stimulate T cells 
but also can kill tumor cells by themselves, 
should be evaluated in clinical vaccination tri-
als (Fig. 10.6).

10.3.10 
 Prognostic Factors

There are a number of prognostic factors, which 
can be used at the time of first diagnosis to esti-
mate the risk of relapse. Among those are an 
advanced age, renal dysfunction, high ß2-micro-
globulin, low albumin, high CRP or LDH  levels, 
thrombocytopenia, high plasma cell labeling 
index and most importantly chromosomal abnor-
malities with t(4;14) as the worst prognostic 
marker. The usefulness of gene expression stud-
ies defining high-risk profiles has to be evaluated 
prospectively. All these prognostic markers may 
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Fig. 10.6 IFN-DC have novel molecular, phenotypical 
and functional characteristics in comparison to 
IL-4/TNF-DC. (a) Hierarchical cluster analysis of 
52 genes related to NK cell function for IFN-DC 
and IL-4/TNF-DC preparations with expression 
levels obtained by Affymetrix microarray analysis. 
(b) Expression of NK cell surface markers and  

(c) cytolytic effector molecules by DC as analysed 
by flow cytometray. CD56 and intracellular 
expression of TRAIL and granzyme B by IFN-DC 
and IL-4/TNF-DC. (d) Cytolytic activity of DC. 
Specific lysis of tumor cells by DC was measured 
by flow cytometric detection of propidium iodide 
uptake after coculture with K562 cells
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be considered for clinical decision making in 
order to allocate patients to more or less inten-
sive treatment regimen. Assessment of response 
by conventional diagnostic procedures is a 
dynamic parameter (Lahuerta et al. 2008). As 

mentioned above patients achieving at least a 
very good partial response after the first HDT 
have no further benefit from a second one (Attal 
et al. 2003). However, the prognostic implica-
tion of complete response is limited. Patients 
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10 with a prior history of monoclonal gammopathy 
of undetermined significance (MGUS) or smol-
dering MM have the same treatment outcome 
after HDT as patients achieving a complete 
response even when they show a clear M-protein 
spike in the electrophoresis (Pineda-Roman et al. 
2007). These patients had “returned”to their prior 
MGUS stage following eradication of the trans-
formed MM tumor cell population as result of 
HDT. In this particular group of patients the 
achievement of CR or failure to reach this aim is 
not of prognostic relevance. Another group of 
patients with a disease type resembling a high-
grade non-Hodgkins lymphoma may present 
with high levels of free light chains in the serum. 
Even if these patients achieve a complete remis-
sion, they have a very poor prognosis (van Rhee 
et al. 2007).

Another possibility to assess response during 
the course of therapy is the measurement  
of minimal residual disease (MRD) on a molec-
ular level. This method is more sensitive and 
specific to detect tumor cells of clonal origin 
(Fenk et al. 2004a). It provides a quantitative 
estimate of the risk of relapse and may permit 
therapeutic decisions, as shown for patients with 
acute lymphoblastic or chronic myeloid leuke-
mia (Szczepanski et al. 2001). The detection of 
MRD is of particular relevance, as novel agents 
are very effective in reducing the number of 
malignant cells and thus are leading to a higher 
rate of patients with very good partial and com-
plete remissions. For patients with MM, a 
molecular remission as shown by qualitative 
immunoglobulin heavy chain (IgH)-PCR is 
associated with a better event-free survival after 
myeloablative allogeneic PBSCT (Corradini et al. 
2003). Following HDT and autologous SCT 
bone marrow, samples of 87% of patients remain 
PCR-positive (Corradini et al. 1999). Therefore, 
a quantitative method is necessary. Using a lim-
iting dilution assay for IgH-PCR, Bakkus et al. 
(2004) identified a threshold level of 0.015% 
clonotypic cells in bone marrow samples 
obtained 3 months after HDT and autologous 
SCT as prognostically relevant for the EFS. 

Another group used multiparameter flow cytom-
etry with a detection threshold of 10−4 (0.01%) 
which is in the same range and reported similar 
results. Using real-time quantitative RCR as a 
third method, we defined a cut-off value of 
0.03% clonotypic cells in the bone marrow 
determined before HDT and autologous PBSCT 
(Fenk et al. 2004b) as a prognostic marker for 
the probability of EFS. Patients falling below 
this threshold after induction and mobilization 
chemotherapy not only had longer EFS, but also 
a better OS than patients with values did above 
this cut-off level. The MRD level was found to 
be prognostically relevant independent of ISS 
stage, cytogenetics, and the kind of maintenance 
therapy. These results imply that induction ther-
apy before HDT with SCT has to be improved at 
least for those patients with high MRD levels. 
Therefore, MRD monitoring provides a ratio-
nale for a patient-tailored therapy dependent on 
the individual response to a given treatment.

Another alternative to MRD monitoring may 
be gene expression profiling after a given drug 
is administered. Gene expression studies were 
performed 48 h after a test dose of bortezomib 
was applied to 142 untreated patients in order to 
determine whether any MM- or microenviron-
ment-associated changes with prognostic impli-
cation could be observed (Shaughnessy et al. 
2008). A high-risk score defined by the upregu-
lation of proteasome genes after bortezomib 
application was associated with an extremely 
poor survival of less than 24 months and was an 
independent prognostic parameter in multivari-
ate analysis. This kind of analysis will help us to 
get a better understanding of the pathophysiol-
ogy of MM and mechanisms of drug resistance 
to novel drugs.

10.3.11 
 Targeted Versus High-Dose Chemotherapy

Novel therapies such as thalidomide, borte-
zomib, and lenalidomide necessitate redefining 
the role of HDT and autologous SCT. Further 
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studies are needed to better understand how to 
use these agents in conjunction with HDT in 
patients with multiple myeloma. Some may ask 
whether in the era of novel agents HDT and 
autologous blood stem cell transplantation has 
any role. This opinion is supported by the results 
of a study comparing tandem HDT with low-
dose melphalan and prednisone in combination 
with thalidomide in elderly patients (Facon 
et al. 2007). In this study, the combination of 
conventional chemotherapy with thalidomide 
was superior with regard to survival. Rather 
than comparing HDT with novel agents, the 
therapeutic efficacy of HDT in combination 
with novel agents should be investigated in 
order to improve remission rate and ultimately 
the duration of survival of the patients.

With the availability of a therapy based on  
a better understanding of the pathophysiology of 
the disease, we may undergo a transition from  
the general cytotoxic effect of HDT to an indi-
vidualized specific effect of a small molecule, 
antibody, or other biological response modifier 
aiming at a particular structure within the malig-
nant plasma cell or its precursor. This could be, 
for instance, the inhibition of pathophysiologi-
cally relevant pathways, which govern self-
renewal, proliferation, and differentiation of the 
myeloma cell or protect it from apoptosis. 
Inhibition of particular pathways, which are 
known to play a role in MM cell growth, has not 
been successful so far (Ocio et al. 2008). This 
may be due to the evolutionary dynamic of 
human life, which is finding a new way, when 
one is blocked. More likely, the simultaneous 
inhibition of different pathways is probably 
required. One example may be the combined 
inhibition of the unfolded protein response, which 
is responsible for the detection and disposal of 
misfolded proteins. MM cells secrete large 
amounts of paraprotein, which are correctly 
folded by the chaperone system. If this process 
fails, two systems, the proteasome and the 
aggresome, eliminate the accumulating mis-
folded proteins. If this process also fails, cell 
death occurs because of accumulating toxic 

proteins. Inhibition of the chaperone system is 
possible with heat-shock protein inhibitors, 
whereas histone deacetylase inhibitors can inhibit 
the aggresome. Application of these novel drugs 
together with the proteasome inhibitor borte-
zomib has shown very promising results. Whether 
the inhibition of all three pathways will lead to a 
sustained clinical effect has to be awaited. As 
long as there is no effective targeted therapy 
available, high dose therapy with autologous 
peripheral blood stem cell transplantation is still 
the cornerstone of any therapy in combination 
with thalidomide, lenalidomide, and bortezomib.
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Therapy of Relapsed and  
Refractory Multiple Myeloma

Thomas Moehler and Hartmut Goldschmidt

Abstract Despite considerable improvements 
in first line treatment still the majority of pati-
ents experience relapse of multiple myeloma. 
Treatment decisions for relapse or refractory 
multiple myeloma should be based on a clinical 
decision path taking response and adverse 
events to previous therapy, myeloma specific 
complications and organ dysfunctions, overall 
clinical condition, age, cytogenetic information 
and prognostic factors into account. Bortezomib, 
thalidomide and lenalidomide have improved 
the therapeutic armentarium for patients with 
refractory or relapsed disease and are often used 
in combination with dexamethasone or chemo-
therapeutic agents. Combination therapies of 
novel agents in drug combination regimen are 
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11 currently under investigation as well. For patients 
with a disease free survival of 12 month or longer 
after initial single or tandem high dose therapy 
and autologous stem cell transplantation (ASCT) 
repeat of high dose therapy with melphalan and 
ASCT should be considered in case of relapse. 
Radiotherapy and osteoplastic procedures can be 
used as adjunct to systemic therapy to treat local 
complications in particular vertebral pain caused 
by osteolytic bone disease. Cytogenetic tests, 
molecular techniques as gene expression profil-
ing and other diagnostic will lead to a more indi-
vidualized therapy. The integration of novel 
compounds into established regimen will be a 
major challenge for future clinical studies.

11.1 
 Introduction

Disease-free survival after first-line therapy of 
multiple myeloma has steadily increased in recent 
years. In addition, overall survival of myeloma 
patients has improved (Kumar et al. 2008).

After decades of stagnation, this develop-
ment was possible by three different factors:

In addition to autologous blood stem cell 
transplantation which was introduced in 
myeloma treatment in the early 1990s, novel 
agents became available as bortezomib, thalido-
mide and lenalidomide. Novel agents not only 
improved the response rate and duration of 
elderly patients (above 65) but also improved 
treatment outcome of younger patients. These 
achievements are delineated in Chap. 11 on 
first-line therapy and maintenance. Along with 
the development of novel agents, the focus 
related to drug discovery for multiple myeloma 
has broadened from focusing on the myeloma 
cell to the relevance of the bone marrow 
microenvironment (Mitsiades et al. 2006).

More than 20 % have a chance of long-term 
remission over a period of 9 years after inten-
sive first line treatment (Barlogie et al. 2008b).

Intensive treatment algorithms for first-line 
therapy that are associated with a significant per-
centage of patients in long-term remission use 
combination of  hemo -therapeutic with novel 
agents for rapid remission induction followed by 
intensified therapy including autologous trans-
plantation and subsequent post-remission or main-
tenance therapy.

Our review here intends to describe the 
approach to relapsed patients and tries to outline 
possible future avenues that might secure long-
term remission for relapsed patients as well.

11.2 
 Diagnostic Workup of Patients at Relapse

Diagnostic procedures for myeloma patients are 
detailed in Chaps. 6 and 7. Diagnostic workup of 
patients with relapse principally does not differ 
from patients with first-line disease including 
radiological investigation, assessment of para-
protein in serum and urine. The relevance for 
serum-light chain test is described in Chap. 20. 
Due to advanced age, treatment, and disease-
related complications, patients in relapse often 
present a reduced ECOG performance status and 
have more organ deficiencies such as compro-
mised renal function. Relapse patients present 
more often with a lower ECOG status.

11.3 
 Conventional Treatment of Relapsed/
Refractory Disease

A high-dose standard regimen for dexametha-
sone is 40 mg for 4 consecutive days on days 
1, 9, 17 for a 28-day cycle achieves a response 
rate between 18% and 27%. Main problem with 
this regimen is the short 4–6 months duration of 
response (Richardson et al. 2005; Alexanian 
et al. 1986, 1992).
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Due to short duration of response combined 
with a considerable set of adverse events as 
psychiatric disorders, diabetic metabolic events, 
and infections, dexamethasone single agent is 
not considered nowadays a standard treatment 
for relapsed disease. But dexamethasone is used 
in the short-term treatment of disease complica-
tions as cytopenias, renal complications.

Combination of high-dose dexamethasone 
regimen with chemotherapy has been found wide 
spread acceptance since the introduction of the 
VAD (vincristin, adriamycin, dexamethasone) 
regimen by Barlogie and colleagues in the early 
1980s (Barlogie et al. 1984). A retrospective 
analysis indicated that the VAD regimen was 
more effective than high-dose dexamethasone 
alone in relapsed patients (65% vs. 21%) 
(Alexanian et al. 1986). The introduction of 
pegylated liposomal doxorubicin has added some 
advantage as it is administered via a peripheral 
vein, is less cardio toxic, and causes less alopecia 
(Hussein and Anderson 2004). Due to the neuro-
toxicity of vincristin these regimens are not first 
choice for treatment of relapsed multiple 
myeloma anymore.

A number of other chemotherapeutic combi-
nation regimens, the vast majority in combina-
tion with dexamethasone or prednisolone, have 
been used since then. In particular, the M2 regi-
men consisting of BCNU, melphalan, cyclo-
phosmphamide, vincristine, and prednisone has 
been used since 1974 as regimen for relapsed 
myeloma (Lee et al. 1974).

The melphalan/prednisone (MP) regimen 
“Alexa nian” has historically been used for those 
patient that achieved at least a 6-month remis-
sion with MP during first line. In recent years, 
ben d amustine was found to have considerable 
activity in multiple myeloma. Poenisch et al. 
have even demonstrated in an open-label, ran-
domized phase III study bendamustine to be 
superior to MP in the first-line setting with 
improved PFS, response rate in particular sig-
nificantly higher CR rate of 35% compared to 
13% with MP and time-to-treatment failure 

(TTF) (Ponisch et al. 2006). The activity of ben-
damustine was also shown for refractory/
relapsed myeloma patients (Knop et al. 2005). 
The advantage of a bendamustine/prednisolone 
combination therapy is a short duration of treat-
ment usually 2 days of intravenous infusion in 
combination with 5 days of oral corticosteroid 
treatment. Quality of life and ambulatory ther-
apy is an important factor for relapsed and 
mostly frail patients. 

The relevance of this historical development 
is largely based on the fact that nowadays previ-
ously established chemotherapeutic agents are 
now combined with novel agents to improve 
therapeutic efficacy (see below on combina-
tions of novel agents with chemotherapeutic 
agents/corticosteroids) (Kropff et al. 2003). Use 
of chemotherapy without novel agents might be 
a treatment of choice for a minority of patients 
for third or subsequent lines, e.g., in case of 
resistance to novel agents or concomitant dis-
ease as severe neuropathy.

11.4 
 High-Dose Chemotherapy (HDCT) Supported  
by Autologous Stem Cell Transplantation

The rationale for high-dose chemotherapy 
(HDCT) followed by autologous stell cell trans-
plantation (ASCT) in multiple myeloma was 
initially vague in particular because the prolif-
eration rate of myeloma was known to be 
approximately 3% for the majority of patients. 
But the concept has finally evolved very strongly 
as described in Chap. 9. In vitro it could be 
shown that escalating doses of melphalan can 
overcome drug resistance in myeloma. Likely 
the effect of melphalan on tumor stroma and 
bone marrow has an important relevance for its 
therapeutic effect of melphalan and is probably 
a major reason for success of high-dose strate-
gies for multiple myeloma (Podar et al. 2001; 
Basak et al. 2009).
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11 High-dose therapy using melphalan and other 
conditioning regimen was initially  developed in 
the setting of relapsed patients (Barlogie et al. 
1987; Goldschmidt et al. 1997). Clinical studies 
have finally identified melphalan single agent 
conditioning regimen with 200 mg/m2 as the 
regimen maximizing anti-myeloma effects with 
low transplant-related mortality (Goldschmidt 
et al. 2000) and Chap. 10 (Haas R. et al). Barlogie 
et al. could also demonstrate the efficacy of 
high-dose therapy in a complex chemotherapeu-
tic regimen for the treatment of myeloma 
(Barlogie et al. 1999).

A number of clinical studies have addressed 
the question of timing of high-dose therapy in 
combination with autologous stem cell transplan-
tation. Whereas Barlogie and colleagues did not 
identify significant differences comparing first-
line high-dose therapy and high-dose therapy in 
relapse, Fermand et al. found a significant improve-
ment for early high-dose therapy in their study 
(Barlogie et al. 2003; Fermand et al. 1998). 
Moreover, Fermand identified that time spent 
without therapy was longer in the “early” treat-
ment group with 28 vs. 22 months. Longer time 
“on-therapy” results in an increased risk for organ 
complications and myelodysplastic syndrome. 
Myeloma cells acquire additional genetic altera-
tions during disease duration and become increas-
ingly drug resistance (De et al. 2006). As HDCT is 
currently considered an important element of a 
therapeutic strategy that might be able to cure a 
small but detectable number of patients, postpon-
ing HDCT would most likely endanger the “cure” 
concept (Barlogie et al. 2008a). These findings 
ultimately led to a firm integration of high-dose 
therapy in the first-line regimen for multiple 
myeloma. Despite considerable progress in the 
treatment of multiple myeloma using novel agents 
and combination regimen, it is still an accepted 
option to offer eligible patients HDCT at time of 
relapse if they have not received HDCT in first 
line. Whereas HDCT for first-line treatment is 
considered standard in the treatment of myeloma, 
only a few clinical studies have evaluated a second 

HDCT after relapse from first-line HDCT. Only 
retrospective nonrandomized studies are available 
addressing this important question. Olin et al. 
recently published a series of 41 patients that 
received a second HDCT in the relapse situation 
(Olin et al. 2009). They described an overall 
response rate in assessable patients of 55% 
and treatment-related mortality of 7%. Median 
 progression-free survival (PFS) and overall sur-
vival (OS) were 8.5 months and 20.7 months, 
respectively. In a multivariate analysis of OS less 
than five, prior lines of therapy and a remission of 
more than 12 months after initial HDCT were pre-
dictive of OS after HDT. However, a third ABSCT 
for patients relapsing after tandem auto-transplan-
tation did not contribute to long-term disease 
 control (Lee et al. 2002).

In summary, second HDCT after failure of 
initial HDCT is feasible and can – if a selection 
of patients is performed – result in a clinically 
meaningful response rate and progression-free 
survival. As HDCT is not a strategy excluding 
novel therapies but rather part of a more com-
plex approach including induction and possibly 
maintenance therapy, HDCT relapse treatment 
strategies containing novel agents and HDCT 
should be considered as an alternative to non-
HDCT treatments for HDCT eligible patients. 
Unfortunately, there is no study group that has 
embarked on resolving the important question 
of second HDCT after initial HDCT; therefore, 
judgment will rely on retrospective studies.

11.5 
 Allogeneic Stem Cell Transplantation

Different strategies have been developed in the 
recent years to apply allogeneic blood stem cell 
transplantation for relapsed multiple myeloma 
(see also Chap. 10). The application of high-
intensity conditioning regimen evaluated in 
clinical studies until late 1990 has more or less 
been stopped due to high transplant-related 
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mortality between 25% and 50% (Bensinger 
2009). Different regimens have been developed 
as alternative utilizing the  (RIC) intensity con-
ditioning approach developed by Storb et al. for 
multiple myeloma (Storb et al. 1999). Most 
clinical studies on allogeneic stem cell trans-
plantation have so far been performed in 
relapsed multiple myeloma.

Similar to autologous stem cell transplanta-
tion in combination with HDCT, allogeneic 
stem cell transplantation (allo SCT) has initially 
been studied almost exclusively in relapsed/
refractory patients.

Studies comparing conventional condition-
ing regimen with RIC have clearly shown that 
RIC have advantages for the majority of patients. 
Badros et al. have published on 31 patients that 
were treated with a RIC regimen and compared 
the results with 93 patients as historical controls 
receiving myeloablative conditioning in combi-
nation with allograft (Badros et al. 2001, 2002). 
Transplantation related mortality (TRM) for 
RIC was significantly superior to myeloablative 
regimen with 10 vs. 29%. This resulted in a sig-
nificantly improved 1-year OS for the RIC with 
71% vs. 45%.

To obtain a significant reduction in myeloma 
tumor burden immediately before allografting, 
several groups have developed auto/allo trans-
plantation strategies that consist of HDCT with 
melphalan followed by nonmyeloablative 
 conditioning for allografting approximately 
6 weeks later. Long-term data on this approach 
for 102 patients with a median follow-up of 
6.3 years were recently reported (Rotta et al. 
2009). 5 years. Non-relapse mortality was 18%, 
95% related to graft-vs-host-disease (GVHD) 
or infections. Among 95% with detectable dis-
ease, 59% achieved a complete remission. 
Median time to progression was 5 years, median 
PFS of 3 years and median OS not reached. The 
5-year OS and PFS were 64% and 36%, respec-
tively. Prognostic factors for reduced OS and 
PFS in multivariate analysis were b2microglob-
ulin of more than 3.5 mg/l at diagnosis and auto/

allo HCT more than 10 months after treatment 
initiation. Forty-two percent of patients devel-
oped acute GVHD (aGVHD) and 74% exten-
sive chronic GVHD (cGVHD). Lower TRM 
and adverse event rate during RIC regimens 
allows for transplantation of patients over the 
age of 55, and even myeloma patients 75 years 
of age have been successfully transplanted. It 
was also described that cGVHD is associated 
with an improved disease-free survival (Gerull 
et al. 2005).

A study combining data from several centers 
including approximately 120 patients described 
that relapse from prior autologous transplanta-
tion was the most significant risk factor for trans-
plant mortality (hazard ratio 2.8; p = 0.02), 
relapse (HR 4.14; p < 0.001), and death (HR 
2.69; p = 0.05). Planned tandem autologous, 
followed by reduced intensity allografting, has 
been reported in studies containing approxi-
mately 120 patients (Table 11.1). ASCT was per-
formed approximately 2–6 months before planned 
allo grafting. The allograft regimens utilized mel-
phalan 100–140 mg/m2 plus fludarabine or 2 Gy 
TBI or cyclophosphamide plus fludarabine. 
These studies reported transplantation-related 
mortalities of 18–24%, cGVHD 7–60%, and sur-
vivals of 58–74% at 2 years, 86% at 3 years, and 
69% at 5 years. CR rates ranged from 28% to 
73%. cGVHD has been associated with a lower 
rate of disease recurrence, although this is still 
controversial as only occasional studies have 
shown benefit for cGVHD (Table 11.1).

Therefore, a number of clinical centers world-
wide have developed strategies to combine 
autologous and RIC allogeneic transplantation 
for myeloma (Table 11.1 (Maloney et al. 2003; 
Kroger et al. 2002a, b; Vesole et al. 2009; Perez-
Simon et al. 2003; Lee et al. 2002, 2003a)).

This and other studies clearly stated that 
long-term disease control and GVHD remain 
key issues for the further development of 
allografting in multiple myeloma. Up to now, 
this strategy should be performed within clinical 
studies or applied to selected patients that have 



244 T. Moehler and H. Goldschmidt

11

R
ef

er
en

ce
N

o.
R

eg
im

en
# 

Ta
nd

em
 

au
to

Pr
op

hG
V

H
D

A
G

V
H

D
 %

, 
2–

4
C

G
V

H
D

 %
TR

M
 %

C
R

 %
%

 S
ur

vi
va

l a
t 

(y
ea

r)

M
al

on
ey

 e
t a

l. 
(2

00
3)

54
 (0

)
TB

I 2
 G

y,
 F

lu
54

C
SA

, M
m

f
45

60
22

57
69

 (5
)

Le
e 

et
 a

l. 
(2

00
3)

45
a  (

12
)

H
D

M
10

0 
 

(T
B

I 2
 G

y,
 F

lu
)

12
C

SA
58

13
38

, 1
0

64
36

 (3
), 

86

K
ro

ge
r e

t a
l. 

(2
00

2b
)

17
 (8

)
H

D
M

10
0,

 F
lu

, A
TG

17
C

SA
, M

tx
38

7
18

73
74

 (2
)

K
ro

ge
r e

t a
l. 

(2
00

2a
)

21
 (2

1)
H

D
M

10
0–

14
0,

 F
lu

, 
AT

G
9

C
SA

, M
tx

38
12

24
40

74
 (2

)

G
al

im
be

rti
 e

t a
l. 

(2
00

5)
20

 (0
)

TB
I 2

 G
y,

 F
lu

 (1
0)

20
C

SA
, M

m
f

25
30

20
35

58
 (2

)
C

y,
 F

lu
 (1

0)
Pe

re
z-

Si
m

on
 e

t a
l. 

(2
00

3)
29

 (N
R

)
M

el
, F

lu
10

C
SA

, M
tx

41
51

21
28

60
 (2

)

Ve
so

le
 e

t a
l. 

(2
00

9)
23

 (0
)

Fl
u,

 C
y

23
C

SA
, s

te
ro

id
17

b
39

9
33

78
 (2

)

Ta
bl

e 
11

.1
 P

ha
se

 2
 tr

ia
ls

 o
f 

ta
nd

em
 a

ut
ol

og
ou

s 
re

du
ce

d 
in

te
ns

ity
 a

llo
ge

ne
ic

 tr
an

sp
la

nt
at

io
n 

fr
om

 r
el

at
ed

 a
nd

 u
nr

el
at

ed
 d

on
or

s 
fo

r 
th

e 
tre

at
m

en
t o

f 
m

ul
tip

le
 

m
ye

lo
m

a

So
ur

ce
: A

da
pt

ed
 fr

om
 B

en
si

ng
er

 (2
00

9)
AG

VH
D

 a
cu

te
 g

ra
ft-

ve
rs

us
-h

os
t d

is
ea

se
, A

TG
 a

nt
i-t

hy
m

oc
yt

e 
gl

ob
ul

in
, C

G
VH

D
 c

hr
on

ic
 G

V
H

D
, C

R 
co

m
pl

et
e 

re
sp

on
se

, C
SA

 c
yc

lo
sp

or
in

e,
 C

y 
cy

cl
op

ho
sp

h-
am

id
e,

 F
lu

 fl
ud

ar
ab

in
e,

 M
m

f m
yc

op
he

no
lic

 a
ci

d,
 M

tx
 m

et
ho

tre
xa

te
, N

o.
 to

ta
l n

um
be

r o
f p

at
ie

nt
s (

nu
m

be
r f

ro
m

 m
at

ch
ed

 u
nr

el
at

ed
 d

on
or

s)
, N

R 
no

t r
ep

or
te

d,
 

Pr
op

hG
VH

D
 g

ra
ft-

ve
rs

us
-h

os
t d

is
ea

se
 p

ro
ph

yl
ax

is
, H

D
M

 h
ig

h-
do

se
 m

el
ph

al
an

, #
 T

an
de

m
 a

ut
o 

pl
an

ne
d 

pr
io

r a
ut

ol
og

ou
s t

ra
ns

pl
an

t, 
TB

I t
ot

al
 b

od
y 

irr
ad

ia
-

tio
n,

 T
RM

 tr
an

sp
la

nt
-r

el
at

ed
 m

or
ta

lit
y

a F
ou

rte
en

 p
at

ie
nt

s g
iv

en
 d

on
or

 ly
m

ph
oc

yt
e 

in
fu

si
on

, T
R

M
 o

r s
ur

vi
va

l f
or

 ta
nd

em
 p

at
ie

nt
s

b O
nl

y 
gr

ad
e 

3–
4 

G
V

H
D

 re
po

rte
d



24511 Therapy of Relapsed and Refractory Multiple Myeloma  

prognostic factors as low b2microglobulin and 
less than 10 months between initial treatment 
and allografting or less than two prior lines of 
therapy. In a recent review of the EBMT of 
registry data containing 229 mostly pretreated 
patients, the TRM was 26% at 2 years and the 
3-year OS and PFS were disappointing at 41% 
and 21% (Crawley et al. 2005). Younger patients 
(<65 years) with a first high-risk relapse such as 
occurring early (<2 years) after ASCT or with 
fulminant presentation are probably candidates 
for RIC allo-SCT in the context of clinical trials. 
Many of these trials are evaluating the role of 
posttransplantation strategies, which incorporate 
novel agents, to further improve outcome of 
RIC allo-SCT.

11.6 
 Thalidomide and Immunomodulatory Drugs

11.6.1 
Thalidomide as Single Agent and Combined  
with Corticosteroids

Barlogie and coworkers were the first to dis-
cover the anti-myeloma effect of thalidomide 
(Singhal et al. 1999). Since the recognition that 
thalidomide has substantial anti-myeloma activ-
ity, several thalidomide analogues such as so-
called IMiDs (immunomodulatory drugs) have 
been developed as lenalidomide. In the initial 
full publication of 84 patients, 32% responded 
(³MR) to single agent thalidomide. An update 
confirmed the initial results and reported on a 
2-year event-free survival and OS of 26% and 
48%, respectively. An important milestone for 
the clinical investigation of  thalidomide was 
the recently published, randomized, multi-
center, open-label phase 3 OPTIMUM study 
that was designed to compare the efficacy of 
single-agent thalidomide with high-dose dex-
amethasone in patients with one to three prior 
lines of therapy (kropff et al. 2009). A total of 

499 patients were randomized into four arms: 
thal 100, thal 200, thal 400, or dex as control 
arm. Median TTP with 9.9 months for thal 400 
was significantly longer (p = 0.017) compared to 
dex with 6.0 months. Median TTP for thal 100 
and thal 200 were 6.7 and 7.3 months did not 
reach statistical difference to dex. Response 
rates (³PR) validated by an independent review 
committee were similar for all groups with 
24.6% for dex, 20.7% for thal 100, 18.0% for 
thal 200, 21.5% for thal 400. However, duration 
of response in months was found to be signifi-
cantly superior for all thal treatment groups 
compared to dex (thal 100: 12.7; p = 0.046; thal 
200; 13.1, p = 0.005; thal 400: 11.6, p = 0.016; 
dex: 6.5). Thal 400 cause at least one grade 3 or 
grade 4 adverse events in 60.2% of patients 
compared to 39.5% in patients treated with dex-
amethasone. Thal caused more frequent nervous 
system events (16.4% versus 2.4%), blood and 
lymphatic system disorders (14.8% versus 
4.8%), and general disorders (12.1% versus 
8.1%). In contrast, infections ³grade 3 were 
more frequently observed in the dexamethasone 
group (10.5% versus 8.6%). Venous throm-
boembolic events were similar in both groups 
(1.6% with dex with none with thal 400). 
Importantly, the median average daily dose was 
99.5 for thal 100, 198.2 for thal 200, 255.5 mg 
for thal 400, and 40 mg for dex. The median 
treatment duration was shortest for dex with 
144 days followed by 195, 179, and 185 days 
for thal 400, thal 200, and thal 100, respectively. 
In conclusion, this study confirmed that thalido-
mide is an important treatment option for 
patients with relapsed multiple myeloma but 
that the dosage of thalidomide with a maximum 
of 400 mg needs to be based on clinical consid-
erations (Kropff et al. 2003).

The study has also provided novel insights 
that might be relevant for the future concepts of 
integrating thal in more complex multiagent 
treatment regimen. A increased thal 400 in 
combination with a stepwise dose reduction 
was superior in TTP and PFS indicating that an 
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11 early progression can be prevented by a higher 
dose of thalidomide indicating that patients at 
start of treatment require higher doses whereas 
after response is achieved, a lower thal dosage 
as 100 or 200 mg might be sufficient. Indeed 
Attal et al. have shown that thal 100 as mainte-
nance after ASCT can indeed prolong the PFS 
and OS compared to pamidronate as mainte-
nance (Attal et al. 2004).

Recently, an update of the first thalidomide 
single-agent study was presented (van Rhee 
et al. 2008). From 169 patients., 17 patients 
remain alive and ten event-free with a median 
follow-up of 9.2 years. Multivariate analysis 
revealed cytogenetic abnormalities in 47% of 
patients and lambda-light chain isotype to sig-
nificant affect overall and event-free survival 
adversely. Forty percent of 58 patients lacking 
these two unfavorable features, one-half of 
whom had no disease recurrence, survived at 
least 6 years. In contrast, fewer than 5% of 
patients with one or two risk factors (p < 0.001) 
survived for at least 6 years. This study con-
firmed initial observations that patients with 
thal doses in excess of 42 g enjoyed superior 
overall and event-free survival. The poor out-
come in lambda-light chain type myeloma was 
attributed to an overrepresentation in molecu-
larly defined high-risk disease.

11.6.2 
 Thalidomide in Combination with Chemotherapy/
Corticosteroids

Although the OPTIMUM and other studies 
investigating thalidomide as single agent have 
enormous relevance for the development of tha-
lidomide and other IMiDs, based on the rapid 
development in this area, single-agent thalido-
mide will be used only on rare occasions for 
myeloma patients. Instead thalidomide/dexam-
ethasone or thal Chemotherapy combination 
will be used due to their greater efficacy. This 

consideration is supported by preclinical studies 
demonstrating a synergy between thalidomide 
and dexamethasone (Hideshima et al. 2000).

The combination of thalidomide/dexame-
thasone was superior to dexamethasone alone in 
relapsed patients after one or two lines of ther-
apy. The combination therapy induced a statisti-
cally highly significant (p < 0.0001) increase in 
the response rate of 65% for PR/CR compared 
to 28% for single-agent dexamethasone treat-
ment. A significant advantage was also found 
for 1-year progression-free survival with 46.5% 
for the combination and 31% for single-agent 
dexamethasone (p = 0.009) (Fermand et al. 2006). 
The median time to response for the thal/dex 
combination is relatively short with 1–1.3 month 
which is particularly important for patients with 
imminent organ failure as renal insufficiency.

A systematic review has confirmed this 
results indicating superiority of thal/dex over 
Thal with and overall response rate of 51% for 
thal/dex with 29% for the single agent (von 
Lilienfeld-Toal et al. 2008).

Whereas the single-agent thalidomide did 
not significantly increase the DVT rate, the thal/
dex combination was associated with up to 10% 
of DVT/PE events, and therefore, a prophylac-
tic treatment for DVT/PE is recommended 
(Palumbo et al. 2008b). Major concern for tha-
lidomide is neurotoxicity; moreover, sedation, 
somnolence, and constipation occur in more 
than 10% of patients (Table 11.3).

For first-line indication, a combination ther-
apy of MPT was clearly shown to be superior to 
standard MP in a randomized study. Addition of 
thalidomide improved PR/CR response rate of 
76% for MPT compared with 47.6% for MP, as 
well as the improved 2-year event-free survival 
(54% MPT vs. 27% MP) and 3-year overall sur-
vival (80% MPT vs. 64% MP) rates, event  
(Palumbo et al. 2006). Other studies in the 
 first-line setting have confirmed this positive 
effect of thalidomide in combination with che-
motherapy and have led to the approval of 
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thalidomide for the combination with MP in 
first-line. Although a randomized study on tha-
lidomide combination therapy has not been per-
formed up to now, thal/dex has been further 
integrated into chemotherapy regimen. The first 
original publication on the combination therapy 
of thalidomide, cyclophosphamide, etoposide, 
and dexamethasone demonstrated a response 
rate (³PR) of 68% (Moehler et al. 2001). Since 
then, a number of combination therapies have 
been investigated and found to be clinically 
applicable with response rates between 41% 
and 76% for relapsed/refractory myeloma 
patients (Lee et al. 2003b; Offidani et al. 2006; 
Garcia-Sanz et al. 2004; Dimopoulos and 
Anagnostopoulos 2003; Kyriakou et al. 2005) 
(overview presented in Table 11.2).

There is no randomized phase III study for 
relapsed/refractory myeloma patients that com-
pared a regimen with the same regimen plus 
thalidomide. But comparison to historic control 
and the data of the first-line studies indicate that 
thalidomide combination therapy in the relapse 
is a powerful option particularly if the patient 
needs to achieve a rapid reduction in myeloma 
tumor burden.

An important consideration is the applica-
tion of VTE prophylaxis for patients treated 
with thalidomide or lenalidomide. Palumbo 
et al. have summarized recommendations for 
VTE prophylaxis (Palumbo et al. 2008b). 
Various VTE prophylaxis strategies have been 
investigated in small, uncontrolled clinical stud-
ies. Individual risk factors for VTE are history 
of VTE, central venous catheter, comorbidities 
(infections, diabetes, and cardiac disease), 
immobilization, surgery, and inherited throm-
bophilia. Myeloma-related risk factors include 
cotreatment with dexamethasone or doxorubi-
cin and hyperviscosity. VTE is very high in 
patients who receive dexamethasone, doxorubi-
cin, or multiagent chemotherapy in combination 
with thalidomide or lenalidomide, but not with 
bortezomib. The panel recommended treatment 
with aspirin for patients with £1 risk factor. In 
fact, patients without risk factor and single-
agent treatment VTE prophylaxis can be con-
sidered but is not mandatory according to 
currently available data.

Patients with two or more individual/
myeloma-related risk factors require therapy 
with low-molecular-weight heparin (LMWH). 
LMWH is also recommended in case of combi-
nation treatment with high-dose dexamethasone 
or doxorubicin. Treatment with Vitamin K antag-
onists targeting an international normalized ratio 
(INR) of 2–3 can be considered as an alternative 
to LMWH although data in the literature are rare 
to support this strategy. A comparison of AE 
profile and characteristics of clinical efficacy is 
highlighted in Table 11.3.

Thalidomide
•  Peripheral polyneuropathy, somnolence, 

constipation, increased risk of VTE in 
combinations

•  No dose adjustment in case of renal impairment
•  Effective after bort-containing regimen, poor 

results after len-based therapy
•  Thromboprophylaxis in thal-based 

combinations
Lenalidomide
•  Myelosuppression, fatigue, increased risk of 

VTE in combinations
•  Dose adjustment if creatinine clearance  

<50 ml/min*

•  Effective after thal- or bort-containing regimens
• Thromboprohylaxis in len-based combinations
Bortezomib
•  Peripheral polyneuropathy, thrombocytopenia, 

neutropenia, herpes zoster, gastrointestinal 
events

•  No dose adjustment in case of renal impairment
• Effective after len- or thal-containing regimens
• VZV-prophylaxis

Table 11.2 Main adverse events profiles of novel agents

Adapted from van de Donk et al. (2010)
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11.6.3 
 Lenalidomide

Lenalidomide is an amino-substituted derivative of 
thalidomide which has more potent biologic activ-
ity in stimulating T cell proliferation;  augmenting 
IL-2 and IFN-g production; and inhibiting TNF-a, 
IL-6, and IL-1b production (Muller et al. 1999; 
Corral et al. 1999; List 2007).

In the initial phase of lenalidomide, the sin-
gle-agent activity was evaluated and found to 
be significant with approximately 30% of 
patients with relapsed/refractory myeloma 
achieving at least a PR (Richardson et al. 
2006b). The maximum tolerated dose (MTD) as 
single agent was determined with 25 mg. Most 
important for the development of lenalidomide 
was the observation that some of the typical 
adverse events observed for thalidomide were 
less pronounced or absent as somnolence, con-
stipation, and neuropathy. Most commonly 
observed AEs with lenalidomide are fatigue, 
skin rash, thrombo-, and neutropenia. In con-
trast to thalidomide for which there is no direct 
evidence as of now for an accumulation or 
increased toxicity in patients with renal impair-
ment, lenalidomide requires dose adaptation 
(Chen et al. 2007). Dose recommendations 
based on creatinine clearance are as follows: Cr 
Cl ³50 ml/min: regular dose of 20 mg/day, Cr 
Cl 30–50 ml/min: 10 mg/d; CrCl <30 ml/min 
but not on dialysis: 15 mg every other day; 
patient on dialysis 15 mg thrice per week. With 
this dose adaptation, no increased toxicity is 
expected. There is no evidence that lenalido-
mide has any negative effects on renal or hepatic 
function.

11.6.4 
 Lenalidomide Combination Therapies

Dexamethasone was found to enhance the anti-
myeloma effects of lenalidomide (Hideshima 
et al. 2000; Mitsiades et al. 2002). For this rea-

son and the established role of dexamethasone 
in myeloma treatment this, combination was 
evaluated in several studies most notably in two 
randomized studies that led to the approval of 
lenalidomide for patients after first relapse. An 
overview of lenalidomide-based combination 
therapies is provided in Table 11.4.

In Europe, Lenalidomide achieved approval 
before thalidomide’s approval for first line treat-
ment. Lenalidomide approval for the relapsed 
refractory patients was based on two phase III 
studies MM-09 and MM-010, both comparing 
lenalidomide/Dex with high-dose dexametha-
sone/placebo for patients with one or two prior 
therapies. Both studies included more than 700 
patients (Dimopoulos et al. 2006, 2009; Weber 
et al. 2007).

The response rate was significantly superior 
for len/dex as compared to dex/placebo with 
59.1% vs. 23.9% for MM-0009 and 59.4% vs. 
21.1% for MM-010. The median time to pro-
gression was more than double in the len/dex 
arm in both studies with 11.3 and 11.1 month in 
the Len/Dex arms and 4.7 months in both study 
for the dex/placebo arm (p < 0.001). In line with 
these results, the median overall survival was 
29.6 months in MM-010 (not reached for 
MM-009) significantly prolonged as compared 
to 20.6 and 20.2 months for the control arm. 
Interestingly, len/dex achieved significantly 
(p < 0.05) higher response rates of 63% in 
 thalidomide-sensitive patients compared to 43% 
in thalidomide-resistant patients. len/dex dis-
played also higher activity in patients at first 
relapse compared to patients in second or third 
relapse. Prior treatment with bortezomib did not 
affect the likelihood of response.

Regarding patient selection for len/dex com-
bination therapy, a subanalysis of the open-label 
phase III study did not find t4:14 or del 13 as 
adverse prognostic parameters related to median 
time to progression and overall survival. In con-
trast, the 17p13 translocation was asso ciated 
with a significant worse outcome with a median 
time to progression of 2.2 months (p < 0.0019) 
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and an overall survival of 4.6 months (p < 
0.001) (Reece et al. 2009).

Both randomized len/dex studies described 
above established an increased risk for throm-
boembolic complications for patients treated 
with the len/dex combination. Lenalidomide as 
thalidomide increases rate of thrombosis in the 
combination with dexamethasone but also in  
combination therapy regimen. Several authors 
have therefore recommended combining the 
len/dex treatment with an antithrombotic 
approach as prophylactic treatment preferen-
tially with low-molecular-weight heparin (Klein 
et al. 2009). Other more common observed AEs 
are skin rash and fatigue.

As a major advantage over thalidomide, 
Lenalidomide has a significant lower incidence 
of neuropathy, constipation, and somnolence.

To further investigate lenalidomide in com-
bination therapy, several studies were perfor-
med in chemo/corticosteroid combinations 
(Table 11.4). Lenalidomide in conjunction 
with adriamycin and dexamethasone (RAD) 
in refractory and relapsed myeloma resulted 
in high response rate of 73% (³PR). The 
RAD-combination led mainly to hematologi-
cal and infectious adverse events (Knop et al. 
2009). The combination of lenalidomide with 
cyclophosphamide (500 mg po) and corticos-
teroids was described using a completely oral 
regimen by (Morgan GJ et al. 2007). The 
response rate was 75% (³MR) the median 
PFS was 6 months . Another similar regimen 
(REP) using oral combination of lenalidomide 
10 mg, cyclophosphamide 100 mg, predniso-
lone was presented by van de Donk et al and 
led to an impressive 12 month PFS (van de 
Donk et al 2010b). In addi tion, lenalidomide 
has successfully been combined with pegy-
lated liposomal doxorubicin (PLD), vincris-
tine dexamethasone (³PR: 75%), as well as 
with bendamustine and dexamethasone (³PR: 
67%) (Lentzsch 2009; Baz et al. 2006; Knop 
et al. 2009).

Another four-drug combination tested in 
refractory/relapsed lenalidomide-naive myeloma 
was lenalidomide, melphalan, prednisone, and 
thalidomide (RMPT). Initial results showed a 
high response rate with 75% of patients achiev-
ing at least a PR including 20% VGPR and 14% 
nCR/CR R38 (Cavallo et al. 2009; Palumbo 
et al. 2010). At the moment, there is no clear 
evidence that supports lenalidomide/thal combi-
nations as long as other combinations with 
agents of other mechanism are available.

11.6.5 
 Pomalidomide

Pomalidomide (development name CC 4047) 
is another immunomodulatory analogue of tha-
lidomide. The MTD of daily pomalidomide 
was identified as 2 mg in single-agent therapy 
(Schey et al. 2004). Fifty-four percent of 
patients enrolled in this study with a median of 
three prior regimens achieved a PR or better. 
The MTD for alternate day dosing was found 
to be 5 mg of pomalidomide (Streetly et al. 
2008). Dose-limiting toxicity of pomalidomide 
was grade 4 neutropenia. Additional toxicity 
was thrombocytopenia (up to grade 3). Main 
 (incidence >10%) of nonhematolological tox-
icity grade 1/2 was neuropathy (15%), consti-
pation (approximately 15%); pomalidomide 
resulted in remarkable responses rates of 40%.

11.7 
 Bortezomib

11.7.1 
 Bortezomib Single Agent

The success story of this first-in-class reversible 
proteasome inhibitor started in 2003 when the 
approval was granted for third and subsequent 
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11 relapse based on study data from CREST and 
SUMMIT studies (Richardson et al. 2003; 
Jagannath et al. 2004, 2008).

The APEX (Assessment of Proteasome 
Inhibition for Extending Remissions) trial led to 
the approval of the first-in-class proteasome 
inhibitor bortezomib for relapsed or refractory 
myeloma in 2005 (Richardson et al. 2005). The 
overall response rate for single-agent borte-
zomib is between 28% and 44% and CR rate 
between 2% and 9% for pretreated patients 
(Richardson et al. 2007a). The time to progres-
sion in patients. with two or more prior lines of 
therapy is between 6.2 and 9.5 months and was 
13.7 months for patients with only one prior 
therapy. The median overall survival for patients 
in the bortezomib arm of the APEX trial was 
29.8 months versus 23.7 months in the dexam-
ethasone control arm although 62% of patients 
crossed over to the bortezomib arm.

Prolonged administration over 6 months or 
retreatment with bortezomib may be safe, and 
decision depends on the individual tolerability 
of bortezomib (Berenson et al. 2005). Major 
adverse events of bortezomib are fatigue, gastro-
intestinal event, peripheral neuropathy, and 
reversible thrombocytopenia. In the APEX 
study, increase in the number of herpes zoster 
infections was recorded as well. Because of the 
high rate of vermicelli zoster virus (VZV) reac-
tivation, VZV prophylaxis is recommended dur-
ing bortezomib treatment (Nucci and Anaissie 
2009). Grade 3 peripheral neuropathy is the 
most common AE leading to treatment dis-
continuation (Lonial 2006). Thrombocytopenia 
and neutropenia are transient and cyclical 
(Richardson et al. 2005). Patients with low plate-
let counts (<70 × 109/l) are at an increased risk 
for grade 3 or 4 thrombocytopenia (Lonial et al. 
2005). As the bortezomib-induced thrombocy-
topenia is associated with a reversible interfer-
ence with megakaryocyte function but not 
megakaryocyte ploidy or cellularity, bortezomib 
can be given to selected patients with myeloma-
induced bone marrow suppression as long as a 

support with platelet transfusions is available to 
bypass until disease-related thrombocytopenia 
has resolved or at least substantially improved.

Bortezomib was more active when used for 
patients with one prior therapy as compared to 
two and three therapies. Major determinator for 
decision to treat with bortezomib is the status of 
peripheral neuropathy of the patient that can 
either be based on concomitant disease (e.g., 
diabetic polyneuropathy), be myeloma associ-
ated, or due to IMiDs and other neuropathic 
agents. In general, bortezomib as single agent 
of combination therapy is recommended for 
patients with peripheral neuropathy grade 0–1. 
Whereas fatigue, gastrointestinal events, and 
peripheral neuropathy (PNP) are the most com-
mon adverse events for bortezomib, grade 3 
PNP is the most common reason for treatment 
discontinuation. Bortezomib-induced thrombo-
cytopenia and neutropenia are cyclic, revers-
ible, and in general, do not lead to treatment 
discontinuation. Bortezomib can safely be 
applied to patients with impaired renal function 
even in the situation of dialysis. Bortezomib 
single agent has been instrumental in rapid 
decrease of disease activity in combination 
therapies and thereby supported renal recovery.

11.7.2 
 Bortezomib Combination Therapy

A number of regimens have been developed 
that combine bortezomib with other anti-
myeloma agents (s. Table 11.5; (Davies et al. 
2007; Berenson et al. 2008; Orlowski et al. 
2007; Kropff et al. 2007; Palumbo et al. 2008a; 
Reece et al. 2008)). For most of the reported 
combination regimen, no formal comparison 
between the regimens or with single-agent bort-
ezomib has been performed.

Whereas the combination of bortezomib 
with vinca alkaloids is obsolete due to high risk 
of neuropathy, bortezomib has been investi-
gated with alkylating agents and anthracyclines. 
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11 All of these combinations (selection presented 
in Table 11.5) provided evidence for an at least 
additive therapeutic effect of bortezomib in the 
combination regimen (Kastritis et al. 2009).

Historical data and comparison of phase II 
data of course strongly suggest that bortezomib 
combination therapies have a substantial incr-
eased PFS rate and response rate compared to 
bortezomib single agent or bortezomib/dex 
combinations. In combination therapy with 
pegylated doxorubicin, improvements in time 
to progression (9.3 months vs. 6.5 months), 
overall response rate (52% vs. 44%), and sur-
vival advantage have been reported.

Bortezomib in combination with liposomal 
doxorubicin reached a CR + PR rate of 73% 
with CR/nCR of 36% (Orlowski et al. 2005) in 
a phase I study. The recommended dose for 
bortezomib was 1.3 mg/m2 and liposomal 
 doxorubicin 30 mg/m2. A phase 3 study with 
636 patients in relapse basically confirmed the 
phase I data and demonstrated a superior ORR 
of 52% (vs. 44% single agent bortezomib) and a 
CR/nCR rate of 17% vs. 13% single-agent bort-
ezomib. The time to progression was signifi-
cantly longer in the combination arm with 
9.3 months compared to 6.5 months in the bort-
ezomib arm (Orlowski et al. 2007). Sonneveld 
et al reported about the activity of the combina-
tion pegylated liposomal dosorubicin and bort-
ezomib in patients treated with recurrent 
multiple myeloma who received (Sonneveld  
et al. 2009). However, there was an increase in 
neutropenia, thrombocytopenia, and gastroin-
testinal events in the combination group. 
Importantly, the response rate, TTP adverse 
event proile was independent of prior treatment 
with IMiDs. FDA has therefore approved the 
combination of liposomal doxorubicin with 
bortezomib for the treatment of relapsed and 
refractory multiple myeloma after failure of 
IMiD-containing regimen.

Bortezomib was also combined with oral 
and IV cyclophosphamide and melphalan and 
bendamustine, resulting in CR/PR rates between 
65% and 95% (Fenk et al. 2007).

Nowadays, bortezomib is mostly used either 
in combination with dexamethasone as demon-
strated in the APEX trial or in combination 
therapy regimen. The following features within 
the patient’s medical history can be used as 
indicator for a beneficial effect of a combination 
therapy: short duration of previous therapy with 
the possibility of a drug-resistant myeloma vari-
ant, previous use of bortezomib with the possi-
bility to induce a synergistic/additive effect with 
the combination therapy. Similarly, the choice 
and intensity of chemotherapy combination 
have to be balanced against expected therapeu-
tic effects and concomitant diseases of the 
patients.

The decision on whether to use bortezomib as 
single agent, in combination with dexamethasone 
or in combination regimen either with IMiDs or 
with chemotherapy, has to be tailored to the indi-
vidual situation of the patient and criteria set for-
ward by the myeloma disease activity (Fig. 11.1). 
In general, a bortezomib/dexamethasone combi-
nation therapy appears to be the treatment of 
choice for bortezomib-naive patients that do not 
have a rapid progressing disease with imminent 
renal or other organ failure. At present there is no 
randomized data to indicate that more aggressive 
treatment strategies would be beneficial to the 
patients. As the primary treatment regimen 
becomes more aggressive and a certain percent-
age of patients obviously can enter into long-term 
complete remission, it will be of particular inter-
est to start clinical trials that compare less and 
more aggressive second-line regimen with respect 
to the overall survival and long-term remission.

11.8 
 Novel Proteasome Inhibitors

Carfilzomib is an irreversible inhibitor or the 
proteasome and structural distinct from borte-
zomib (Chauhan et al. 2005b; Parlati et al. 
2009). Preclinical data suggested that carfil-
zomib can be active even in bortezomib- resistant 
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myeloma cells (Kuhn et al. 2007). Carfizomib 
(20 mg/m2 d1, 2, 8, 9, 15, 16 of a 28-day cycle) 
induced a 45% response (³PR) in 51 borte-
zomib-naïve patients and in 18% of 33 borte-
zomib-exposed patients (Siegel 2009). 
Peripheral neuropathy in carfilzomib-treated 
patients was uncommon indicating that poly-
neuropathy is not a class effect of proteasome 
inhibitors. (Siegel 2009)

NPI-0052 is another novel proteasome 
inhibitor, which inhibits all three catalytic 
activities of the 20S proteasome, whereas bort-
ezomib and carfilzomib preferentially inhibit 
chymotrypsin-like activity. NPI-0052 has activ-
ity in bortezomib-resistant myeloma cells 
(Chauhan et al. 2005a). Initial results of two 
dose-finding trials of single agent NPI-0052 
demonstrated clinical activity in relapsed/
refractory myeloma (Spencer et al. 2009; 
Richardson et al. 2009b).

11.9 
 Combination of Novel Agents

The combination of bortezomib with IMiDs 
(thalidomide and lenalidomide) has received 
special attention (Table 11.6 (Pineda-Roman 
et al. 2008; Ciolli et al. 2008; Kim et al. 2010; 
Terpos et al. 2008; Palumbo et al. 2010)). In 
particular, the combination of bortezomib with 
lenalidomide and corticosteroids has several 
advantages as lenalidomide has a significant 
lower potential for polyneuropathy compared to 
thalidomide. In addition, preclinical data indi-
cate that lenalidomide activates myeloma cell 
caspase 8 and thereby cooperates with borte-
zomib-induced dual activation of caspase 8 
and 9, inducing a synergistic effect on myeloma 
cell apoptosis (Hideshima et al. 2000).

The lenalidomide/bortezomib/dexamethason 
(RVd) regimen was able to achieve an ORR of 
79%, 33% with CR/nCR/VGPR in myeloma 
patients with relapse or refractory disease after 
one to three prior therapies. The overall survival 

with this regimen was approximately 22 months 
although most patients had previously received 
bortezomib- or thalidomide- containing regimen 
or single-agent therapy in previous treatment 
(Richardson 2006a; Richardson et al. 2007b; 
Richardson 2006; Richardson et al. 2010). Most 
important and in this respect clearly distinct 
form bortezomib/thalidomide combinations, 
RVd did not induce additional polyneuropathy 
even if treatment was extended to 3 years. The 
MTD level was found to be 15 mg/day lenalido-
mide for 14 days and for bortezomib 1.0 mg/m2 
on days 1, 4, 8, 11 of a 21-day cycle. The most 
common grade 3–4 treatment-related toxicities 
included reversible neutropenia, thrombocytope-
nia, and anemia. Another possibly synergistic 
effect in the RV(D)-combined treatment 
approach is that IMiDs including lenalidomide 
and bortezomib inhibit osteoclast function and 
thereby suppress myeloma bone disease (Terpos 
et al. 2007a, b; Breitkreutz et al. 2008).

Combination therapies of bortezomib and 
thalidomide as novel agent combination and in 
extended treatment regimens with chemother-
apy and corticosteroids have been tested as 
well. Table 11.6 lists the treatment results and 
the neurological toxicity of this combination 
approach. In fact, in a phase II study investigat-
ing bortezomib/thalidomide/dexamethasone 
(VTD), 23% of patients had £ grade 2 polyneu-
ropathy at trial onset and aggravation was infre-
quent (Pineda-Roman et al. 2008). The VTD 
regimen was then further intensified using PLD 
resulting in a 55% response rate in relapsed/
refractory myeloma. Fatigue and polyneuropa-
thy were the most common adverse events 
(Ciolli et al. 2006, 2008).

In general, more mature data have to be 
awaited related to polyneuropathy to generally 
recommend a bortezomib/thalidomide combi-
nation therapy. Unless there is a special reason 
to use VT combinations, the author’s impres-
sion is that at present, RV combinations appear 
to be superior to VT combinations as the risk of 
polyneuropathy is lower and response rate and 
duration appear to be at least similar.  
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11 11.10 
 Emerging Therapies and Novel Pathways

Further therapeutic concepts to interfere with 
signaling cascades, apoptosis regulation, cell 
cycle, and myeloma cell interaction with 
microenvironment are currently in preclinical 
evaluation, and some have recently entered the 
clinical investigation. Those concepts that have 
entered clinical studies are discussed briefly in 
this paragraph but are also discussed in this 
book in the Chap. 8.

A number of preclinical data indicate that 
interference with the heat shock protein 90 
(Hsp90) has anti-myeloma effects and more 
important exerts synergistic effects in combina-
tion with proteasome inhibitors. In relapse/
refractory myeloma, this combination was well 
tolerated and associated with durable responses 
in both bortezomib-naïve and bortezomib-
exposed patients (Badros 2009).

The degree of acetylation of histones influ-
ences their physical interaction with DNA and 
how DNA is packaged in the nucleus. This 
can have large-scale impact on gene expres-
sion. Inhibition of HDACs triggers accumu-
lation of acetylated histones and induces 
differentiation and/or apopotosis of many 
types of malignant cells. Anti-myeloma effects 
were identified in in vitro experiments for vor-
inostat as well as other HDAC inhibitors such 
as LAQ824 and LBH589 (Catley et al. 2006; 
Bali et al. 2005).

In a phase I study in single-agent vorinostat 
in relapsed/refractory myeloma patients, 1 MR 
and 9 SDs were observed (Richardson et al. 
2008). The study was closed prematurly before 
definitive identification of MTD based on the 
sponsor’s decision. Maximum dose adminis-
tered were 250 mg daily for 5 days/week of 
4-week cycles and 200 mg twice daily for 
14 days of 3-week cycles. Drug-related adverse 
events were fatigue (grade 3), other grade 2 or 
lower AEs: anorexia, dehydration, diarrhea, 

nausea. Sub sequent phase I study combining 
vorinostat with bortezomib indicated a promis-
ing response rate with 8 of 16 patients achieving 
a CR or PR (Badros et al. 2009b).

The inhibition of the PI3-kinase/Akt path-
way using perifosine and the mTOR pathway 
using temsirolismus/everolimus have shown pro-
mising activity in early-phase studies in relapsed/
refractory patients (Gajate and Mollinedo 2007; 
Hideshima et al. 2006).

Elotuzumab an antibody directed against 
CS1, a cell surface glycoprotein, highly expressed 
in myeloma, generated encouraging results 
(Lonial 2009).

11.11 
 Prognostic Factors

Prognostic factors for multiple myeloma have 
been clearly identified in large cohorts of first-
line myeloma patients. Many of these prognos-
tic factors remain valid in the relapse situation 
including cytogenetic translocation t(4;14), 
t(14;16), deletion of chromosome 17 or 13, 
hypodiploidy, increased b2-microglobulin, and 
decreased serum albumin.

Additional clinical challenges in the relapse 
situation include light chain and IgA isotype, 
renal failure, extramedullary disease, hypose-
cretory myeloma, and advanced bone disease.

11.12 
 Therapeutic Strategy for Relapsed/Refractory 
Myeloma Patients

The purpose of this chapter is to provide con-
cluding remarks and summarize the data discu-
ssed in the sections above. References are only 
added as examples or if not already cited above.

The choice of relapse therapy is principally 
dependent on the age, performance status, 
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previous therapeutic chain, and concomitant 
disease (van de Donk et al. 2010a). An over-
view of potential decision tree is given in 
Fig. 11.1. Particularly in the situation of first 
relapse, the careful evaluation of first-line thera-
peutic approach is very important to determine 
if an optimal combination approach was used.

HDCT should be considered for patients 
<70 years and/or in good general condition for 
those patients that did not receive HDCT as part 
of the first-line treatment. HDCT should also be 
considered if remission after first HDCT was 
equal to or more than 12 months.

In case of first-line HDCT with remission 
duration of less than 12 months, combination 
therapy of dexamethasone with one of the novel 
agents preferentially not used in first-line treat-
ment should be used.

If there are no special clinical consideration 
as peripheral neuropathy or others that influence 
the treatment decision, therapy of first relapse 
will be using those novel agents in combination 
with dexamethasone that have not been part of 
the first-line treatment. A preference is to switch 
the class of novel compound e.g. IMiDs switch 
to proteasome inhibitors and vice versa.

Lenalidomide may be indicated when pre-
existing peripheral neuropathy exists, whereas 
a history of thromboembolism or presence of 
renal insufficiency may favor bortezomib-
based therapy. Furthermore, in case of severe 
cytopenias, thalidomide with or without dex-
amethasone or single-agent dexamethasone 
can be useful and patients with poor tolerance 
of corticosteroids may benefit from a steroid-
free regimen.

For treatment of first relapse as well as for later 
relapse, no clear guidance from clinical stu dies is 
available as to whether more intensified treat-
ment, e.g., by using combination therapies of 
novel agents/chemotherapy/corticosteroid is pre-
ferable choice over novel agent/corticosteroid. 
Therefore, again the integration of clinical infor-
mation is relevant to guide the treating physician. 
The urge to induce a rapid response, e.g., to 

prevent further deterioration of renal dysfunction 
or severe and rapid progressing osteolytic bone 
disease often argues for a more aggressive 
approach with combination of novel agents with 
chemotherapeutic agents if there are no signifi-
cant comorbidities.

Radiotherapy or other local interventions as 
kyphoplasty need to be integrated in the treat-
ment plan of patients with relapse disease, e.g., 
in case of extramedullary manifestation or pain-
ful osteolytic bone disease. In general, local 
intervention strategies should be performed 
after systemic treatment has controlled the over-
all disease activity.

For elderly patients who received MPT or 
len/dex for first line, second line bortezomib/
dex or bortezomib/pegdox/dex should be con-
sidered. In case of contraindications to borte-
zomib, lenalidomide combination therapy can 
be used subsequent to failure of thalidomide-
containing first-line regimen as it has been 
shown that lenalidomide can overcome resis-
tance to thalidomide at least in a subset of 
patients. Conversely, in case of bortezomib/dex 
or bortezomib/chemotherapy/dex combinations 
in first-line lenalidomide or thalidomide in com-
bination with dex and/or chemotherapy is rec-
ommended. The decision between lenalidomide 
and thalidomide could be based on comorbidity 
as neuropathy rate is clearly lower with lenali-
domide compared to thalidomide.

In case of treatment with thalidomide or lenali-
domide, a special consideration with regard to the 
risk of venous thrombosis and embolism (VTE) 
has to be given. In the first step, the individual and 
myeloma-related VTE risk for the patient have to 
be assessed. If there is no or one risk factor, treat-
ment with aspirin is recommended. For patients 
receiving  combination therapy with dexametha-
sone or doxorubicin or more than one risk factor, 
supportive treatment with LMWH or vitamin k  
antagonist is recommended.

A special challenge is patients with renal 
failure at the time point of relapse. As  bortezo-
mib clearance is independent of renal clearance, 
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bortezomib-containing regimen is a preferred 
strategy for these patients. Another option is 
thalidomide as thalidomide does not require 
dose reduction in case of renal impairment. 
Lenalidomide is a renally metabolized drug and 
requires dose reduction. A special consideration 
should be given to time to response of the regi-
men as regimen inducing a fast response is pre-
ferred – unless prohibited due to  comorbidities – to 
prevent irreversible renal dysfunction.

The recommendation for third-line therapy 
or treatment of patients who were already 
treated with bortezomib, thalidomide, and 
lenalidomide would be inclusion of the follow-
ing in clinical trial: a combination of novel 
agents with chemotherapeutics as low-dose oral 
cyclophosphamide or bendamustine or combi-
nations of chemotherapeutic agents as EDAP 
(Barlogie et al. 1989). In addition, combination 
of novel agents in particular bortezomib/lenali-
domide has been used successfully in this situa-
tion (Richardson et al. 2009a).

Altogether, at the moment, there is not enough 
evidence to recommend a specific treatment for 
relapsed myeloma patients with high-risk cyto-
genetics. More mature data from larger trials is 
needed. However, it seems that bortezomib may 
overcome the poor prognosis conferred by 
del(13q) and t(4;14), whereas conflicting results 
exist for lenalidomide regarding del(13q) and 
t(4;14).

A special challenge is the treatment of 
patients who relapse after allogeneic stem cell 
transplantation (see also Chap.10). In the early 
posttransplant period and still on immunosup-
pressive therapy, a rapid taper of immunosup-
pressive therapy in order to induce a 
graft-versus-myeloma (GvM) effect is recom-
mended. As a next step donor lymphocyte infu-
sion (DLI) can be considered. Novel agents 
have successfully been used in the treatment of 
allo-SCT and have been combined with immu-
nological approaches to decrease tumor burden 
to allow immunological therapy to be effective. 
Response to IMiDs is frequently accompanied 

by a flare up of GVHD, suggesting immunos-
timulatory effects together with direct antimy-
eloma activity.
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Allogeneic Transplantation  
in Multiple Myeloma

Gösta Gahrton 

Abstract Allogeneic hematopoietic stem cell 
transplantation in multiple myeloma has been 
performed since the 1980th, but is still a contro-
versial treatment modality. The aim is to cure 
the disease and the rational is to eradicate 
myeloma cells by the dual effect of high dose 
myeloablative  treatment, and  the immune reac-
tion against the myeloma cells by the graft (graft 
versus myeloma =GVM). At the same time the 
patient is saved from myeloablation by the nor-
mal allogeneic donor stem cells. Although out-
come has improved with time the transplant 
related mortality using myeloablation is still 
high. Therefore reduced intensity non-myelab-
lative conditioning (RIC) has increasingly 
substituted myeloablation and results have 
improved. Out of  five published or ongoing 
prospective clinical trials using tandem autolo-
gous (ASCT) – RIC-allogeneic transplantation 
(RIC-allo) compared to tandem or single ASCT 
the tandem ASCT-RIC-Allo approach was 
superior. Attempts to improve outcome by add-
ing new drugs ( thalidomide, bortezomib or 
lenalidomide ) or alternative cell therapies like 
donor T-cell infusions or NK cell treatment may 
improve results.
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12 12.1  
 Introduction

The idea of allogeneic transplantation for 
multiple myeloma is as in other malignant disor-
ders fourfold. Firstly, high-dose cytotoxic drug 
or irradiation conditioning treatment before the 
transplant should eradicate as many malignant 
cells as possible. Secondly, the conditioning will 
suppress patient’s immunocompetence to pre-
vent graft failure. Thirdly, the graft should save 
the patient from the myeloablative effect of the 
conditioning by support with normal hematopoi-
etic stem cells. Fourthly, immunocompetent 
cells in the graft will kill malignant cells 
by a graft-versus-myeloma (GVM) effect. The 
recently introduced so-called reduced-intensity 
non-myeloablative conditioning (RIC) accepts 
that the conditioning will eradicate less malig-
nant cells than myeloablative treatment in order 
to diminish side effects. The RIC approach relies 
comparatively more on the GVM effect than 
myeloablative conditioning. Since none of the 
two approaches – myeloablative or RIC – seems 
to cure but perhaps a very small fraction of 
patients, additional treatments are frequently 
tried, such as posttransplant donor lymphocyte 
transfusion, posttransplant new drug treatments, 
etc. Recently, NK cell infusions have been tried 
both before and after transplantation.

12.2  
 Myeloablative High Dose Conditioning

The EBMT registry has now reports on more 
than 5,000 allogeneic myeloma transplants, of 
which somewhat less than 50% have been per-
formed with myeloablative conditioning. 
Transplants using myeloablation have decreased 
somewhat since the introduction of RIC, and 
was about 150/year from 2002 to 2007. High-
dose cyclophosphamide + total body irradiation 

(TBI) 10–12 Gy, fractionated or unfractionated 
with lung shielding, is the most commonly per-
formed conditioning regimen, followed by 
melphalan + TBI (Gahrton et al. 2007). However, 
many other myeloablative protocols are used, 
such as busulfan + cyclophosphamide and com-
binations usually including parts of these 
regimens.

Myeloablative conditioning is hampered by 
high transplant-related mortality (TRM) reach-
ing 30–40% (Gahrton et al. 1991). One reason 
is high incidence of severe graft-versus-host 
disease (GVHD). Another is significant relapse/
progression rate (RL). Although RL was shown 
to be lower than with autologous transplanta-
tion already in 1996 in an EBMT retrospective 
case-matched analysis of 378 patients, the over-
all survival (OS) was at this time inferior due to 
the high transplant-related mortality (Bjorkstrand 
et al. 1996). However, in females, the treatment-
related mortality was lower than in males, and 
therefore resulting in similar OS in females 
treated with autologous and allogeneic trans-
plantation. Long-term survival appeared better 
in allogeneic transplants than in autologous 
ones in females, and was 30% at 9 years among 
the allotransplants. Later a large retrospective 
EBMT study (Gahrton et al. 2005) has con-
firmed the comparatively good results in 
females, in particular female to female trans-
plants, while the worst results occurred in male 
patients irrespective of donor, apparently due to 
a lower RL but a higher TRM in sex-mismatched 
recipient/donor transplants, and the reverse in 
sex-matched male transplants. These differ-
ences seem to be due to the presence of female 
donor T cells that are specific for male minor 
histocompatibility antigens (H-Y) encoded by 
male Y chromosome genes. Attempts are pres-
ently being made to use or modulate minor 
histocompatibility antigens to improve GVM 
(Hambach et al. 2007).

Severe infections, often combined with severe 
GVHD, are the main causes of death following 
myeloablative allogeneic transplantation. New 
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supportive treatment modalities, for example new 
antibiotics, better GVHD prevention methods, 
etc., seem to be reasons why myeloablative allo-
geneic transplant results improved dramatically 
with time, as shown in a comparison by EBMT of 
transplants performed before and after 1994 
(Gahrton et al. 2001). TRM was reduced signifi-
cantly, and the median OS for the later transplants 
was 50 months. However, the TRM was still high 
and myeloablative allogeneic transplantation is 
therefore now only rarely performed.

12.3  
 Molecular Remission

Molecular remissions are more frequent after 
myeloablative allogeneic transplantation than 
after autologous transplantation even when the 
intensity in the conditioning regimens is simi-
lar. Using clonal markers based on the rear-
rangement of immunoglobulin heavy-chain 
genes generated for each myeloma patient at 
diagnosis and used for polymerized chain reac-
tion detection of residual myeloma cells after 
transplantation, in one study (Corradini et al. 
1999), it has been shown that out of 29 patients 
who entered hematological remission after 
transplantation, 9 out of 14 entered molecular 
remission after allogeneic transplantation, and 2 
out of 15 after autologous. In three of the 
allogeneic transplants, molecular remission 
occurred later than 3 years after transplant, 
while late molecular remissions were not seen 
in autologous transplants, indicating a GVM 
effect in allogeneic transplants. Further studies 
(Corradini et al. 2003) showed that in 48 patients 
who obtained a hematological remission 
following allogeneic transplantation, 16 (33%) 
obtained durable PCR-negativity after trans-
plantation, while 13 (27%) remained persis-
tently PCR-positive, and 19 (30%) showed a 
mixed pattern. The cumulative risk of relapse 
at 5 years was none for PCR-negative, 33% 

for PCR-mixed, and 100% for PCR-positive 
patients. Thus, molecular remission is more 
common in myeloablative allogeneic transplan-
tation and molecular remission predicts for 
longer relapse-free survival. Attempts to induce 
molecular remission seem important, although 
it is not settled if myeloablation or GVM is the 
most important factor. Since myeloablation is 
associated with high TRM, attempts to obtain 
molecular remissions should focus on other 
means, such as new drugs, GVM, or specific 
antimyeloma cell therapy in combination with 
the RIC approach (below).

12.4  
 Source of Stem Cells

As in other malignant hematological malignan-
cies treated with allogeneic stem cell transplan-
tation, bone marrow (BM) was originally the 
stem cell source, but today most transplants are 
performed with peripheral blood stem cells 
(PBSC). In the EBMT registry, the great major-
ity of reported allogeneic transplants are now 
performed with PBSC.

An EBMT analysis of 1,667 patients who 
had received a first allogeneic identical sibling 
donor transplant with BM or PBSC from 1994 
to 2003 and reported to the EBMT data base 
was recently performed. Out of these patients 
1,179 had received PBSC and 488 BM. The 
engraftment rate was more rapid with PBSC 
irrespective of the intensity in the conditioning 
regimen. Otherwise, there was no significant 
difference in TRM, RL, or response to treat-
ment dependent on the source of stem cells. 
Overall, chronic GVHD (cGVHD) was more 
frequent with PBSC than with BM, while acute 
GVHD (aGVHD) was similar. In a multivariate 
analysis, the higher rate of chronic GVHD did 
not translate into any detectable difference in 
RL due to the cell source. Thus, even if there are 
minor differences in some parameters, the use 
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12 of PBSC or BM results in similar OS. For prac-
tical purposes, PBSC is today the most com-
monly used method.

12.5  
 Reduced Intensity conditioning (RIC)

12.5.1  
 Retrospective Studies

The Seattle Group developed an allogeneic trans-
plant modality using considerably lower intensity 
in the conditioning regimen than had previously 
been used, i.e., 2 Gy total body irradiation fol-
lowed posttransplant by GVHD prevention 
with mycophenolate moffetil and cyclosporin 
(Maloney et al. 2003). The rational was that the 
GVM effect may be more important than the 
intensity of the conditioning regimens.TRM was 
significantly reduced. Later, this regimen was 
used with added fludarabine (30 mg/m2 x 3) in the 
conditioning in 24 refractory or relapsed patients 
that received an allogeneic transplant from an 
unrelated donor either preceded by an autologous 
transplant (13 patients) or proceeding directly to 
an allogeneic transplantation (11 patients) 
(Georges et al. 2007). At 3-year follow-up, OS 
was 61% for all patients and better in the tandem 
transplant group (77%).

Another RIC transplant modality is condi-
tioning with melphalan 100–140 mg/m2 + flu-
darabine 30 mg/m2 × 5. Ayuk et al. (2008) used 
this conditioning in 57 patients. A fraction of 
patients received ATG (antithymocyte globulin) 
and other patients alemtuzumab. The treatment-
related mortality was 11% at 100 days and 70% 
at 1 year in their first report, i.e., considerably 
lower than is seen with myeloablative condition-
ing. Fifty-five percent obtained complete remis-
sion and 27% partial remission, i.e., a response 
rate of 82%. Overall and disease-free survival 
were 68% and 42%, respectively, at 49 months.

RIC has recently been compared retrospec-
tively to myeloablative conditioning by the 
EBMT (Crawley et al. 2007). Patients were gen-
erally in a relatively advanced stage of disease, 
and the median age was somewhat higher than in 
later prospective studies. A dose of melphalan 
less than 140 mg/m2, a busulfan dose of 8 mg/kg 
or less, and a cyclophosphamide dose of less than 
120 mg/kg were considered to be reduced inten-
sity. If TBI was used, a dose of radiation less than 
6 Gy or up to 6 Gy fractionated was accepted as 
RIC. With this definition, RIC was associated 
with lower TRM but higher RL than with 
myeloablative conditioning. The progression-
free survival (PFS) was superior with myeloabla-
tive conditioning, but there was no significant 
difference in OS. Both ATG and alemtuzumab 
were associated with higher RL and alemtu-
zumab in addition with poorer PFS and OS.

12.5.2  
 Prospective Studies

There are currently five known ongoing or closed 
prospective studies comparing RIC allotrans-
plants to autologous transplants. In these studies, 
the RIC allotransplant is performed after a first 
autologous transplant (Tables 12.1 and 12.2). 
They are based on so-called genetic randomiza-
tion, i.e., patients with an HLA-identical sibling 
are offered a RIC allotransplant after the autolo-
gous transplant. Those patients that lack an HLA-
identical sibling receive either one or two 
autologous transplants. Autologous stem cell 
transplantation is the standard method to treat 
patients with  multiple myeloma up to 65–70 years 
of age. Autologous transplantation is usually per-
formed after an induction period using combina-
tions like VAD (vincristine, doxorubicine, 
dexamethasone) or recently combinations inclu-
ding thalidomide, bortezomib, or lenalidomide. 
The conditioning regimen is usually 200-mg 
 melphalan/m2.
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IFM (Intergroup Francais de Myelom) 
included 65 patients in the auto-allo group, and 
219 patients in the auto-auto group in the first 
published prospective study. In the first report of 

this trial (Garban et al. 2006), there was no sig-
nificant difference in event-free survival but a 
trend for better OS in the auto-auto group com-
pared to the auto-allo group (median 48 

Group/author Inclusion criteria Conditioning for RIC 
allotransplantation

Study design

IFM/Garban et al. 
(2006), Moreau 
et al. (2008)

High-risk (high b2 micro) Fludarabine/busulfan/ATG Auto/allo vs auto/auto

Italian Group/Bruno 
et al. (2007)

All patients TBI 2 Gy Auto/allo vs auto/auto

PETHEMA/Rosinol 
et al. (2008)

Patients < 70 years No CR/
nCR after first Auto

Melphalan/fludarabine Auto/allo vs auto/auto

HOVON/Lokhorst 
et al. (2008)

Patients < 66 years TBI 2 Gy Auto/allo vs auto/
maintenance

EBMT/Björkstrand 
et al. (2008), 
Gahrton et al. 
(2009)

Patients < 70 years TBI 2 Gy/fludarabine Auto/allo vs auto or 
auto/auto

Table 12.1 Patients and transplant characteristics in five prospective studies comparing RIC allotransplants 
with autotransplants

Group/author No. of patients 
RICallo/auto

CR rate (%) EFS months 
(median)

OS months (median)

IFM/Garban et al. 
(2006), Moreau 
et al. (2008)

Intention to treat 
65/219 Received 
correct treatment 
46/166

62 vs 
51(CR + VGPR) 
(p = NS)

19 vs 22 (p = 0.58) 34 vs 48 (p = 0.07)

Italian Group/
Bruno et al. 
(2007)

80 vs 82 55 vs 26 (p = 0.004) 35 vs 29 (p = 0.02) 80 vs 54 (p = 0.01)

PETHEMA/
Rosinol et al. 
(2008)

25 vs 85 failing 
nCR or CR after 
first auto

40 vs 11 (p = 0.001) PFS not reached vs 
31 (p = 0.08)

PFS not reached vs 
58 (p = 0.9)

HOVON/
Lokhorst et al. 
(2008)

Intention to treat 
126/141 Received 
correct treatment 
101/115

45 vs 42 39% vs 34% at 
4 years (p = NS)

56% vs 63% at 
4 years (p = NS)

EBMT/
Björkstrand et al. 
(2008), Gahrton 
et al. (2009)

Intention to treat 
108/249 Received 
correct treatment 
98 vs 250

51 vs 41 PFS 35% vs 18% 
at 60 months

65% vs 58% at 
60 months

Table 12.2 Results of five studies comparing tandem autologous/RIC allotransplantation versus autologous 
transplantation
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12 vs 34 months; p = 0.07) based on an intention 
to treat analysis. If only those patients who  
actually received the auto-allo transplant (46 
patients) or tandem auto transplant (166 patients) 
were analyzed, there was still a trend for better 
OS in the auto-auto group (median OS 57 vs 
41 months; p =.08). This study was recently 
updated after a median follow-up of 56 months 
(Moreau et al. 2008), and results were mainly the 
same, i.e., no significant difference between 
auto-auto and auto-allo transplantation neither 
with respect to OS (p = 0.07) nor with respect to 
event-free survival, but a slight trend for superior 
OS in the auto-auto group both if analysis was 
made on an intention to treat basis and if compar-
ing only those patients that actually received the 
correct transplant combination. No such trend 
was seen for event-free survival (EFS).

In this study, only patients under 65 years 
were included, and the serum beta-2 micro-
globulin had to be >3 mg/L and patients 
had to have deletion of chromosome 13. The 
reduced-intensity conditioning was busul-
fan + fludarabine and high-dose ATG. Thus 
the conditioning was very different from the 
original Seattle protocol, particularly con-
cerning the high-dose ATG, which has been 
shown in retrospective EBMT studies to be 
an adverse prognostic factor (Crawley et al. 
2007). Still, the result of the IFM study dis-
couraged from performing allotransplants in 
multiple myeloma.

Later Bruno et al. (2007) showed a superior 
OS for patients who received auto-allo trans-
plantation. Two hundred and forty-five patients 
were included at diagnosis. HLA typing was 
performed in 162: 80 of these had an HLA-
identical sibling donor, and 82 patients had 
none and comprised the control group. Only 
58 patients completed the auto-allo transplant 
and 46 the auto-auto transplant. Whether ana-
lyzed as an intention to treat, i.e., HLA typing 
had been performed, or based on the actual 
treatment, there was a significant advantage 

of having an identical sibling or performing an 
auto-allotransplantation, respectively. Patients 
were followed up to 84 months posttransplant. 
The survival advantage for the auto-allo regi-
men was seen after about 2-year follow-up. 
Thus, the major advantage was improved long-
term survival in the auto-allo group.

The PETHEMA Group (Rosinol et al. 2008) 
has recently presented a third study. Only those 
patients who did not enter a complete remis-
sion or a near-complete remission at the first 
auto logous transplantation were included in 
the comparison between auto-allo and auto-
auto transplantation. One hundred and ten 
patients had a second transplant; 25 of them a 
RIC-allo transplant. Although, with this rela-
tively small material, there was no significant 
difference between auto-RICallo transplants 
and auto–auto transplants in event-free sur-
vival or OS, the shapes of the curves were 
similar to those in the study by the Italian 
group (Bruno et al. 2007). The allo-RIC trans-
plants deviated at around 2 years from trans-
plant to form a horizontal curve, and the p 
value was 0.08.

The HOVON Group presented a fourth study 
at the ASH meeting in 2008 (Lokhorst et al. 
2008). Following an autologous transplantation, 
patients were treated with either RIC-allo or 
maintenance with thalidomide or interferon, 
based on the availability of an identical sibling 
donor. The conditioning regimen was TBI 200 
cGY, i.e., the original Seattly regiment and the 
same as in the Italian study. Out of 126 patients 
that had a donor, 101 received the RIC trans-
plant, and out of 141 who had not 115 entered 
the study. After a median follow-up of 38 
months, there was no significant difference 
between the two groups neither in OS nor in 
PFS. The 48 months OS was 56% and 63% and 
PFS 39% and 34% in the auto-allo and auto-
maintenance group, respectively.

EBMT has an ongoing fifth study that 
started in 1999 (Björkstrand et al. 2008). 
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Previously untreated patients receive VAD or 
VAD-like induction treatment, and must have 
a response status of at least stable disease (CR, 
PR, or SD) at the time of inclusion at the first 
autologous transplantation. Patients with an 
HLA-identical sibling then proceed to RIC-
allo, while those without a matched sibling 
receive no further treatment or a second autol-
ogous transplant. In the recently updated study 
(Gahrton et al. 2009), 357 patients are included, 
and median follow-up is 61 months. One hun-
dred and eight patients were allocated to the 
RIC-allo group (91 actually received the 
allotransplant) and 249 to the Auto group. In 
an intention to treat analysis, OS at 60 months 
is 65% in the RIC-allo group and 58% in the 
auto group and PFS is 35% and 18%, respec-
tively, at this time. The relapse/progression 
rate was lower with RIC allo and seen both in 
patients with and in those without the del13 
chromosomal abnormality. Although the TRM 
at 24 months was expectedly higher (12%) in 
the RIC allo patients, the outcome overall was 
superior in this group.

The conditioning regimen before RIC-allo 
differs in the five studies. Only IFM used 
high-dose ATG. Fludarabine was as well used 
in the IFM study and also in the studies by 
PETHEMA and EBMT. The Italian and 
HOVON studies used only 2 Gy TBI without 
immunosuppression, i.e., the original Seattle 
regimen. Thus none of the studies showing a 
better outcome or a tendency for better out-
come with RIC-allo as compared to autologous 
transplantation used ATG in the conditioning. 
The impact of ATG treatment on outcome has 
been debated (Gahrton and Bjorkstrand 2008). 
It may be possible that certain ATG types, like 
the Jurkart T-cell line–derived ATG, may have 
a GVHD preventive effect without significant 
prevention of GVM (Ayuk et al. 2008), while 
others have an adverse effect on outcome 
as shown in a retrospective EBMT study 
(Crawley et al. 2007).

12.6  
 How to Improve Results of Allogeneic 
Transplantation?

It is not obvious how to improve outcome with 
allogeneic transplantation. There are several 
different possibilities, among them including 
new drugs in the conditioning regimen or 
using them for induction pretransplant or for 
maintenance posttransplant. Other possibili-
ties may be to optimize donor lymphocyte 
transfusions posttransplant, to use natural 
killer cells (NK) posttransplant either preemp-
tive or at early signs of relapse or pretrans-
plant. Also, using unrelated donors after 
high-resolution HLA typing may be as good, 
or even better than using sibling donors for 
long-term outcome.

12.6.1  
 Donor Lymphocyte Transfusions

Donor lymphocytes transfusions to treat relapse 
following allogeneic transplantations may induce 
about 30–40% responses in relapsed patients 
that may last for more than 2 years. Donor lym-
phocyte transfusions frequently cause GVHD, 
and the response is often associated with 
cGVHD. Escalating dosages of DLI were used 
in a multinational multicenter study (van de 
Donk et al. 2006) of 63 patients who were refrac-
tory or had relapsed after RIC allogeneic trans-
plantation. Twenty-four patients responded – 12 
of them with CR. The OS was 23.6 months from 
the time of DLI, and in responders, PFS was 
27.8 months. Major toxicities were GVHD 
(38.1%) and chronic GVHD (42.9%), and seven 
patients (11.1%) died from treatment-related 
mortality.

This study illustrates that although responses 
of significant duration can be obtained with 
DLI, GVHD is rarely separated from GVM.
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12 12.6.2  
 NK Cells Have Antimyeloma Effect  
and Moderate GVHD

There are experimental evidence that NK cells 
have an antimyeloma cell effect (Alici et al. 
2007). Recent studies in a mouse myeloma 
model have shown improved survival follow-
ing autologous NK cell treatment when used 
together with IL2. Also, in vitro studies have 
shown killing of human myeloma cells by 
expanded autologous human NK cells (Alici 
et al. 2008). In the allogeneic setting, NK cells 
have been related to increased efficacy and 
improved survival of patients with acute leu-
kemia transplanted with haploidentical T-cell-
depleted allogeneic stem cells and supported 
posttransplant by NK cells. NK cells were 
shown to be lytic against allogeneic targets 
that did not express their inhibitory KIR 
ligands. NK cells in this HLA-mismatched 
allogeneic setting improved engraftment, 
decreased the incidence of leukemia relapse, 
and did not cause GVHD (Ruggeri et al. 2002, 
2005). Another approach attempted in multi-
ple myeloma was to transfuse haploidentical 
T-cell-depleted KIR ligandmismatched NK 
cells after conditioning therapy with mel-
phalan and fludarabine followed by delayed 
rescue with autologous stem cells (Shi et al. 
2008). The NK cells killed the target myeloma 
cells in vitro. Engraftment was not hampered, 
and 50% of the patients entered CR despite 
only transient donor chimerism. Thus, pre-
transplant molecular high-resolution HLA 
typing of recipient and donor as well as KIR 
genotyping of the donor and direct assessment 
of the donor NK repertoire could identify 
donors with the potential for donor-versus-
recipient NK cell alloreactivity. Expansion of 
NK cells may be crucial for potential applica-
tion both in autologous and allogeneic trans-
plantation either to prevent or to treat relapse/
progression.

12.6.3  
 Role of Immunosuppressive Agents  
in the Conditioning Therapy

The role of including immunosuppressive drugs 
in the conditioning treatment is controversial.

In a retrospective EBMT study, Crawley 
et al. (2007) showed a significantly poorer out-
come if alemtuzumab or ATG was included in 
the conditioning regimen. A higher relapse rate 
was seen with both agents. Alemtuzumab had 
the worst adverse effect. Other studies of other 
hematologic malignancies have also reported a 
higher relapse rate when ATG was included in 
the conditioning (Remberger et al. 2008).

However, in one study (Ayuk et al. 2008), 
ATG was claimed to be advantageous when 
used in the conditioning. Seventy-nine (57%) 
patients received ATG (Fresenius) and 59 (43%) 
did not. Other drugs in the conditioning regi-
men were melphalan 100–150 mg/m2 adminis-
tered intravenously in days -3 and -2, and 
fludarabine (median total dose 120 mg/m2, 
range 90–180 mg/m2) given days -7 to -3. The 
acute GVHD grade III-IV, as well as chronic 
GVHD was less in the ATG group. Also, the 
response rate was higher and there was a trend 
for improved EFS at 3 years. However, there 
was no significant improvement in OS.

The interpretation of these results must be taken 
cautiously. As suggested by Ayuk et al. (2008), 
these differences may be related to the source of 
ATG as well as to dosages. They used ATG-
Fresenius in high dosages (up to 90 mg/kg) claim-
ing that this might involve an antimyeloma effect, 
while other studies – including the one by Crawley 
et al. (2007) – frequently use Thymo globuline 
in dosages of 8–12.5 mg/kg. ATG-Fresenius 
derives from the human Jurkart T-cell line, while 
Thymoglobuline is an antithymocyte globuline 
that derives from human thymocytes, which may 
also explain differences in action. However, it has 
to be pointed out that among the prospective stud-
ies described above, the best RIC-allo results were 
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obtained by Bruno et al. (2007) and by EBMT 
(Björkstrand et al. 2008; Gahrton et al. 2009) that 
did not use ATG in the conditioning, while the 
poorest results were obtained by Garban et al. 
(2006) using high-dose ATG. Thus, further studies 
are needed for firm conclusion as to the value of 
ATG in the conditioning regimen.

12.6.4  
 Targeted Drugs Pretransplant or Posttransplant

Bortezomib is a proteosome inhibitor that blocks 
the activation of NF-kB, and is an important 
mediator of myeloma cell survival. It seems that 
bortezomib inhibits alloreactive mixed lympho-
cyte responses, still increasing T-cell-dependent 
killing of tumor cells (Sun et al. 2004). In a 
murine model, bortezomib, administrated together 
with an allogeneic stem cell transplant, pre-
vented GVHD while preserving the graft- 
versus-tumor effect. However there are other 
conflicting reports claiming increased GVHD. 
Thus, although bortezomib is now one of the 
most effective drugs used in the treatment of 
multiple myeloma, its place in association with 
allogeneic stem cell transplantation is not clear 
(Mattei et al. 2005). Probably it can be used in 
progression and relapse following allotransplan-
tation and also in the induction regimen, but it is 
unclear if it should be used in close association 
with transplantation or in association with DLI.

Lenalidomide is an immunomodulatory drug 
that has stimulatory effects on host antitumor 
T-cells and NK cells. In a recent study (Minnema 
et al. 2008), lenalidomide was given to 16 end-
stage myeloma patients who relapsed after allo-
geneic transplantation resulting in 91% responses 
and CR in 3 out of 16 patients. Only three 
patients developed aGVHD and cGVHD was 
improved in two patients. Thus it is possible that 
lenalidomide is particularly valuable in relapses 
following allotransplantation. The NK stimula-
tory effect could be reason to try expanded NK 

cell treatment in association with lenalidomide 
in relapse following allogeneic transplantation

12.7  
 Conclusions

Allogeneic transplantation is a controversial 
 treatment modality in multiple myeloma. 
Myeloablative transplantation is hampered by a 
high transplant-related mortality, and is presently 
not generally recommended except for clinical 
trials of selected patient groups. Reduced-intensity 
non-myeloablative conditioning (RIC) transplan-
tation may be superior to autologous transplanta-
tion – single or tandem – but further studies have 
to be done for firm conclusion. Results seem to be 
dependant of the kind of RIC used – particularly 
the type of immune suppression. Alemtuzumab 
appears contraindicated as part of the condition-
ing regimen, but other immunosuppressive agents 
may be used, however, preferentially in clinical 
trials since the roles of ATG and fludarabine are 
unclear. New drugs, such as bortezomib, lenali-
domide, and new cell therapies, such as NK cell 
treatment in association with RIC allogeneic 
transplantation, are potential candidates to 
improve results. Further studies are needed to find 
the right place for these possible approaches.
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Radiotherapy

Sonja Krause, Jürgen Debus, and Dirk Neuhof 

Abstract Solitary plasmocytoma occurring in 
bone (solitary plasmocytoma of the bone, SBP) 
or in soft tissue (extramedullary plasmocytoma, 
EP) can be treated effectively and with little 
toxicity by local radiotherapy. Ten-year local 
control rates of up to 90% can be achieved.

Patients with multiple myeloma often suffer 
from symptoms such as pain or neurological 
impairments that are amenable to palliative 
radiotherapy. In a palliative setting, short treat-
ment schedules and lower radiation doses are 
used to reduce toxicity and duration of 
hospitalization.

In future, low-dose total body irradiation 
(TBI) may play a role in a potentially curative 
regimen with nonmyeloablative conditioning 
followed by allogenic peripheral blood stem 
cell transplantation.

13.1  
 Solitary Plasmocytoma

Solitary plasmocytoma are rare neoplasms 
originating from plasma cells in bone (solitary 
plasmocytoma of the bone, SBP) or in soft tis-
sue (extramedullary plasmocytoma, EP). SBP 
comprise about 10% of plasma cell neoplasms 
and are mainly found in the axial skeleton 
(Holland et al. 1992), while EP are even more 
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13 rare (about 3%) with most manifestations in the 
head-and-neck region (Bachar et al. 2008). 
Patients typically present with symptoms 
caused by local tumor mass: pain and neuro-
logical deficits in the case of SBP; dysphagia, 
breathing problems, and epistaxis in the case of 
EP. Both SBP and EP can be treated effectively 
and with little toxicity by local radiotherapy 
(Kumar 2008; Michalaki et al. 2003).

13.1.1  
 Diagnostic Workup

Before starting local treatment of solitary 
plasmocytoma, thorough diagnostic workup is 
essential to rule out occult multiple myeloma, 
as patients having already progressed to multi-
ple myeloma may require systemic treatment. 
Most authors define solitary plasmocytoma as 
one single, histologically confirmed lesion with 
normal bone marrow biopsy (<10% plasma 
cells), negative skeletal survey on plain film, 
normal blood count, normal serum calcium, and 
normal renal function (Tsang et al. 2001). The 
addition of whole-body MRI scans to diagnos-
tic schedules may increase the sensitivity to 
detect multiple myeloma in up to 25% of 
patients initially considered to have solitary 
plasmocytoma (Wilder et al. 2002). In addition, 
MRI is helpful for definition of treatment vol-
umes by clear delineation of soft tissue masses.

13.1.2  
 Radiotherapy of SBP

Concerning the definition of clinical target vol-
umes of SBP, there is still ongoing debate whether 
the whole bone marrow of affected bones should 
be included. In the case of vertebral bodies, most 
authors recommend the inclusion of the affected 
bone and the two neighboring vertebral bodies 
(Tsang et al. 2001). If long bones are affected, 
some groups define clinical target volumes as 

radiographically visible mass surrounded by a 
2–5 cm margin (Jyothirmayi et al. 1997; Ozsahin 
et al. 2006; Wilder et al. 2002) and achieve excel-
lent local control rates. However, in a small retro-
spective series, Mayr et al. (1990) reported local 
relapse in three out of five patients with only par-
tial bone irradiation compared to 100% local 
control in 12 patients with treatment of the whole 
bone. Unaffected regional lymph nodes were not 
included in the target volume. As to radiation 
doses, most authors recommend application of 
40–50 Gy in 1.8–2.0 Gy fractions (Bolek et al. 
1996; Holland et al. 1992; Kumar 2008) based 
on observations of Mendenhall et al. (1980) that 
doses >40 Gy resulted in local control rates of 
94% compared to 69% after <40 Gy.

All studies reported excellent local control of 
SBP with 10-year local control rates of up to 90% 
(Liebross et al. 1998; Wilder et al. 2002). Tumor 
remission after radiotherapy was achi eved after 
3–5 months (Jyothirmayi et al. 1997). Interestingly, 
persistence of tumor mass after therapy had no 
influence on survival rates (Bolek et al. 1996). 
Local failure inside or outside the radiation field 
rarely occurred, and very few patients developed 
solitary lesions in other locations (Frassica et al. 
1989). However, overall survival was diminished 
severely by a high rate of progression to multiple 
myeloma: About half the patients developed mul-
tiple myeloma after 1–3 years (Bolek et al. 1996; 
Holland et al. 1992) resulting in 5-year overall 
survival ranging from 32% (Bolek et al. 1996) to 
74% (Frassica et al. 1989). Most studies observed 
a 10-year disease-free survival of about 25% 
(Frassica et al. 1989; Ozsahin et al. 2006). Given 
the high probability of systemic disease develop-
ment, a small prospective study by Aviles et al. 
(1996) achieved much lower progression rates of 
12% in patients treated with radiotherapy fol-
lowed by administration of low-dose predni-
sone/melphalan over 3 years compared to 54% 
progression to myeloma in patients treated with 
radiotherapy alone. However, the question of 
adjuvant chemotherapy remains to be addressed 
by larger prospective studies.
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13.1.3  
 Radiotherapy of EP

For radiation therapy of EP, especially in the head-
and-neck region, most authors followed guidelines 
for squamous cell carcinoma in that location for 
definition of target volumes and radiation doses. 
Most groups applied doses of 40–60 Gy in 1.8–
2.0 Gy fractions (Creach et al. 2009; Michalaki 
et al. 2003). Tournier-Rangeard et al. (2006) found 
a much better local control with doses to the target 
volume >45 Gy than with <45 Gy (100% vs. 50% 
5-year local control rate) and even recommended 
a 10 Gy boost in case of bulky disease if toxicity is 
tolerable. For EP of nasal cavity or paranasal 
sinuses, three portal fields were used (one anterior 
and two lateral wedged fields), EP of nasophar-
ynx, oropharynx, or hypopharynx were usually 
treated with two laterally opposing fields (Chao 
et al. 2005; Liebross et al. 1999). In recent years, 
more complex techniques have evolved that pro-
vide a better protection of uninvolved tissues with 
a high susceptibility to radiation such as the parotid 
or submandibular gland: Intensity-modulated 
radiotherapy (IMRT) with up to nine or more pho-
ton beams allows the formation of individually 
shaped treatment volumes.

Concerning the question whether unaffected 
cervical lymph nodes should be treated (elec-
tive neck irradiation, ENI), discussion is still 
ongoing. Some authors observed recurrences in 
cervical nodes in up to 30% of patients with 
untreated cervical lymph nodes and thus recom-
mended ENI, at least for high-risk locations 
such as oral cavity, naso- and oropharynx and 
larynx and for bulky tumors (Chao et al. 2005; 
Liebross et al. 1999; Mayr et al. 1990; Tournier-
Rangeard et al. 2006). Others finding recurrence 
rates in local lymph nodes of <4% advised 
against the application of ENI in order to reduce 
long-term toxicity (Chao et al. 2005; Jyothirmayi 
et al. 1997; Susnerwala et al. 1997).

EP can be controlled locally by radiotherapy 
in a similarly effective fashion as SBP: 5-year 
local control rates 72–100% were reported for EP 

(Liebross et al. 1999; Tournier-Rangeard et al. 
2006). However, most studies observed a better 
overall survival for EP patients of 76% after 
5 years (Bachar et al. 2008; Ozsahin et al. 2006) 
and 54–72% after 10 years (Chao et al. 2005; 
Ozsahin et al. 2006). Ten-year disease-free sur-
vival rates ranged from 55% to 75% (Chao et al. 
2005; Ozsahin et al. 2006; Tournier-Rangeard 
et al. 2006). Concerning progression to multiple 
myeloma, EP patients seemed to have lower con-
version rates of 10–32% after 10 years compared 
to SBP patients (Bachar et al. 2008; Bolek et al. 
1996; Kumar 2008; Liebross et al. 1999).

13.1.4  
 Treatment Toxicity

Very little data can be found in literature address-
ing treatment toxicity, probably because of small 
patient numbers and a variety of different loca-
tions. Creach et al. (2009) described toxicity in 
18 patients treated for EP in the head-and-neck 
region (10 patients received an additional irradia-
tion of cervical lymph nodes): 10 of 18 patients 
reported xerostomia, 5 complained of nose bleed-
ings. Other side effects were nasal obstruction, 
larynx edema, dysfunction of the lacrimal canal, 
hypothyreosis, problems related to the paranasal 
sinuses and Lhermitte’s sign, each occuring in 
one patient. In this small group of patients, two 
developed a secondary malignoma: one patient 
suffered from a myxoid fibrous histiocytoma in 
the radiation field 6.5 years after radiotherapy, 
another developed a malignant brain tumor after 
6.9 years. The reason for this unusually high rate 
of secondary malginoma remains unclear.

13.2  
 Palliative Treatment of Multiple Myeloma

In spite of considerable progress in the treat-
ment of multiple myeloma, the disease still is 
not curable. Thus, effective palliation is an 
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13 important issue in treatment concepts. Local 
radiotherapy is used in the palliative treatment 
of the most frequent symptoms of multiple 
myeloma: Reduction of pain due to osseous or 
soft tissue masses, prevention or additive treat-
ment of bone fractures, and reduction of neuro-
logical symptoms due to spinal compression.

13.2.1  
 Pain Control

Local pain caused by irritation of spinal nerves 
or spinal cord is often the first and the most 
common symptom in patients with multiple 
myeloma, occurring in 55–90% of patients 
(Plasswilm and Belka 2004; Mose et al. 2000). 
Local radiotherapy has been an important part 
in the palliative treatment of painful spinal 
masses for a long time: A study published in 
1975 (Mill 1975) reported the palliation of 
pain by local radiotherapy in 81% of 65 
patients presenting with multiple myeloma. 
Over time, many groups achieved similar 
results (Rostom 1988; Yaneva et al. 2006). A 
complete elimination of pain could not be 
achieved in all patients, but most profited from 
radiotherapy by a reduction of their symptoms. 
Mose et al. (2000) reported complete elimina-
tion of pain in 34.4% of 71 treated volumes 
and partial analgesia in 50.7%.

The irradiated volume usually contained the 
whole affected bone, in the case of vertebral 
manifestations including the neighboring verte-
bral bodies, in order to prevent spreading via 
the dorsal venous vascular plexus connecting 
neighboring vertebral bodies (Wilkowski et al. 
2002). However, Catell et al. (1998) have shown 
that in the case of long bones, effective pain 
reduction is possible by irradiation of only part 
of the respective bone. Planning should be 
based on CT scans for better evaluation of 
pasaosseous soft tissue masses (Wilkowski 
et al. 2002). Various techniques are applied for 
irradiation: In most cases, photon beams are 

used for treatment of bone lesions in a single-
field or multi-field technique. Electron beams 
(with the maximum radiation dose occurring 
near the body surface) are used for treating 
superficial lesions (e.g., treatment of the rib 
cage or sternum).

Wilkowski et al. (2002) reported signifi-
cant pain reduction by radiation doses as 
small as 10–15 Gy, but most groups applied 
higher doses of 25–30 Gy in 10–15 fractions 
(Bosch and Frias 1988; Leigh et al. 1993). 
However, hypofractionated irradiation (e.g., 
1 × 8 Gy, 4 × 4 Gy, 4 × 5 Gy) was shown to 
relieve pain in a similarly effective manner 
(Falkmer et al. 2003).

Pain reduction was in some cases already 
perceived during radiation therapy but usually 
started 2–3 weeks after therapy (Plasswilm and 
Belka 2004). The analgetic effect was described 
as long-lasting, with relapse rates of 6% after a 
median of 16 months (Leigh et al. 1993).

A predictive factor for good clinical response 
was a high Karnofsky performance score of 
80–90% (Mose et al. 2000). In addition, the 
simultaneous application of chemotherapy 
seemed to enhance the analgetic effect of radio-
therapy. Mose et al. could induce pain reduction 
in 96.3% of patients receiving simultaneous 
chemotherapy and radiotherapy but only in 
77.5% of patients treated with radiotherapy 
alone. Adamietz and Bottcher (1994) reported 
local response in 80% of patients under 
radiochemotherapy compared to 39.6% of 
patients under radiotherapy alone.

In summary, local radiotherapy has been shown 
to be an effective tool for pain control in multiple 
myeloma. However, it had no effect on survival 
rates (Mose et al. 2000; Yaneva et al. 2006).

13.2.2  
 Recalcification

Osseous instability, particularly of vertebral 
bodies, is another challenge in palliative treat-
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ment of multiple myeloma. The pathologically 
upregulated osteoclastic activity in multiple 
myeloma patients can be compensated for some 
time by increased osteoblast function, but in 
later disease stages, this compensation fails, and 
osteolytic lesions threaten spinal stability 
(Hjertner et al. 2006).

Local radiotherapy should be started as 
soon as possible after diagnosis of an unstable 
osteolytic lesion, as it has been shown that 
radiologically unstable lesions without actual 
fracturation of the bone responded much better 
to radiotherapy than already fractured bones 
(Liebross et al. 1998, 1999). Mose et al. could 
induce recalcification in 47.4% of irradiated 
bones. In a small series published by Lecouvet 
et al. (1997), fractures occurred in 5% of irra-
diated vertebrae compared to 20% of nonirra-
diated vertebrae. In addition, manifestation 
rates of new focal lesions could be reduced by 
spinal radiotherapy.

A comparatively small group of patients 
(about 10%) present with neurological impair-
ments due to spinal compression. The most 
common causes for spinal compression are 
vertebral fractures, however, some patients 
suffer from weakness of limbs or inability to 
walk caused by extradural extension of plas-
mocytoma of an adjacent vertebra or extra-
dural compression without bone disease. The 
therapeutic approach recommended by most 
authors is local radiotherapy, preferably after 
local decompression by laminectomy. 
Although life expectancy of patients with 
malignant spinal compression is limited and 
therefore short-course radiotherapeutic sched-
ules (e.g., 1 × 8 Gy, 5 × 4 Gy) seem a sensible 
option, it has been shown that long-course 
schedules (e.g., 10 × 3 Gy) result in much bet-
ter improvement of motor function. Rades 
et al. (2006) reported an improvement of 
motor function in 52% of patients with neuro-
logical impairments. Of 70 nonambulatory 
patients, 47% even regained the ability to 
walk.

13.3  
 Total Body Irradiation (TBI)

Autologous transplantation of peripheral blood 
stem cells after myeloablative conditioning has 
been shown to improve long-term survival but can-
not achieve long-term cure. Until recently, the stan-
dard conditioning regimen comprised total body 
irradiation (TBI) with a radiation dose of 8 Gy fol-
lowed by chemotherapy. This concept was changed 
by the publication of the Intergroupe Francophone 
du Myélome 9502 trial (Moreau et al. 2002): The 
authors observed equal event-free survival in 
patients conditioned with 8 Gy TBI plus melphalan 
140 mg/m2 compared to patients treated with mel-
phalan 200 mg/m2. However, toxicity was lower 
and 45-month survival slightly favorable in the lat-
ter group. Thus, TBI lost importance in a poten-
tially curative setting.

In recent years, a new role for TBI in pretrans-
plantation conditioning seems to emerge: Several 
studies described a potentially curative regimen 
with nonmyeloablative conditioning with 2 Gy 
TBI in one single fraction alone or combined with 
fludarabine followed by allogenic peripheral blood 
stem cell transplantation (PBST) and immunosup-
pressive treatment. In this concept, TBI causes a 
transient immunosuppression and helps to induce 
a graft-versus-myeloma effect with tolerable graft-
versus-host disease (Gerull et al. 2005; Bruno 
et al. 2009; Georges et al. 2007).

The target volume for TBI are all tumor cells 
and all lymphatic tissues, so the whole body 
including the skin must be treated. This requires 
large radiation fields of up to 210 × 70 cm, com-
pared to the radiation fields of 40 × 40 cm in 1 m 
distance from focus that conventional linear 
accelerators usually provide. Radiation Oncology 
departments developed different techniques for 
covering such large treatment volumes. One 
approach is to increase the distance between 
focus and patients by treating the patient sitting 
on a special chair and applying laterally oppos-
ing fields with a focus distance of 3.5 m.
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Osteoplastic Procedures  
for the Treatment of Vertebral 
Complications in Multiple  
Myeloma Patients

Christian Kasperk and Ingo Grafe 

Abstract Pain induced by vertebral fracture in 
multiple myeloma can be treated by an osteo-
plastic procedure. The magnitude of the pain 
reduction by the procedure depends on the pres-
ence of additional causes for pain as spondylo-
sis deformans, osteochondrosis, stenosis of the 
spinal canal, or intervertebral nerve compres-
sion. To identify additional reasons for pain 
apart from a verterbal fracture-induced pain, a 
detailed preoperative analysis of the patients 
complaints is crucial for the outcome after  an 
osteoplastic procedure. In addition, the techni-
cal aspects for performing the procedure and 
potential complications have to be considered 
as well as the stability of the cortical bone of the 
respective verterbal body. A complete collapse 
of the vertebra (vertebra plana) is an unfavor-
able situation for any osteoplastic procedure. In 
case of inflammatory or infetctious vertebral 
lesions (e.g. spondylodiscitis) osteoplastic pro-
cedures are contraindicated. An interdisciplin-
ary discussion of the individual case among 
oncologists, radiotherpists, trauma/spien sur-
geons, radiologists, and osteologists/endocri-
nologists is a prerequisite for the identification 
of patients who will truly benefit from an osteo-
plastic procedure and to avoid overtreatment of 
the patient and economical expoitation of 
healthcare providers.
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14 14.1  
 Introduction

Pain induced by vertebral fracture in multiple 
myeloma can be treated by an osteoplastic pro-
cedure. The magnitude of the pain reduction by 
the procedure depends on the presence of addi-
tional causes for pain as spondylosis deformans, 
osteochondrosis, stenosis of the spinal canal, or 
intervertebral nerve compression. To identify 
additional reasons for pain apart from a verte-
bral fracture–induced pain, a detailed preopera-
tive analysis of the patient’s complaints is 
crucial for the outcome after an osteoplastic 
procedure. In addition, the technical aspects for 
performing the procedure and potential compli-
cations have to be considered as well as the sta-
bility of the cortical bone of the respective 
vertebral body. A complete collapse of the ver-
tebra (vertebra plana) is an unfavorable situa-
tion for any osteoplastic procedure. In case of 
inflammatory or infectious vertebral lesions 
(e.g., spondylodiscitis), osteoplastic procedures 
are contraindicated. An interdisciplinary discus-
sion of the individual case among oncologists, 
radiotherapists, trauma/spine surgeons, radiolo-
gists, and osteologists/endocrinologists is a pre-
requisite for the identification of patients who 
will truly benefit from an osteoplastic procedure 
and to avoid overtreatment of the patient and 
economical exploitation of health-care providers.

14.2  
 Osteoplastic Procedures

Osteoplastic techniques such as balloon kyphop-
lasty and vertebroplasty use a quickly solidify ing 
resin (polymer from polymethylmetacry-
late PMMA) or calcium phosphate cement. In 
malignoma-associated osteolytic lesions, only 
PMMA should be used. An important aspect of 
osteoplastic procedures is the immediate stability 
for the treated fractured vertebra. Usually osteo-

plastic procedures are performed at thoracic ver-
tebrae 4–12 and lumbar vertebrae 1–5; cervical 
vertebral fractures due to pathological lesions of 
the spine are not a standard situation for osteo-
plastic techniques. During osteoplastic proce-
dures, the patient is positioned horizontally (face 
down with pillows under shoulders and iliac 
crests) in a hyperlordotic position. Patients with 
an instable thorax, painful rib fractures, or insta-
ble cervical vertebral fractures should not be 
treated by osteoplastic techniques.

14.3  
 Balloon Kyphoplasty

In 1998, balloon kyphoplasty has been intro-
duced for the stabilization of vertebral fractures 
(Garfin et al. 2001). Today it is an established 
osteoplastic procedure for routine therapy of 
vertebral fractures or lesions due to primary or 
secondary osteoporosis.

Usually balloon kyphoplasty is performed in 
general anesthesia after intubation of the patient. 
The balloon catheter is inserted into the frac-
tured vertebral body via a trans- or extrapedicu-
lar approach. The balloon is then inflated using 
a contrast fluid under fluoroscopic control until 
it extends to the endplates of the vertebral body. 
The balloon is deflated and removed from the 
vertebra so that within the fractured vertebral 
body an empty void remains. Goal of the bal-
loon expansion procedure is to restore the initial 
height of the vertebra. As muscle relaxation 
during general anesthesia and the positioning of 
the patient prevent any compressive forces on 
the spine that might cause a collapse of the 
space created by the balloon, the cavum remains 
even after removal of the balloon. Hyperlordosis 
as a consequence of the positioning of the 
patient and general anesthesia in complete mus-
cle relaxation support the reheightening process 
of partially collapsed or fractured vertebrae.

As the amount of contrast fluid is known that 
was used to inflate the balloon, the volume of the 
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balloon-created space is known and the same 
volume of PMMA plastic or other “cement” 
material is inserted into the void whereby only 
polymethylmetacrylate (PMMA) is used in mali-
gnoma-associated osteolytic lesions (Fig. 14.1). 
As PMMA and calcium phosphate cements 
solidify rapidly within the treated vertebral body, 
embolic events from PMMA or calcium phos-
phate cement are rare events.

14.4  
 Vertebroplasty

Vertebroplasty was established in 1984 for the 
internal stabilization of vertebral fractures and 
vertebral lesions (Galibert 1987; Gangi 1999). 
This technique is often applied by interventional 

radiologists in analgosedation under fluoro-
scopic or computer tomographic guidance.

Via a trans- or extrapedicular approach, a 
cannula is placed within the fractured vertebra 
and the PMMA plastic material is directly 
injected into the treated vertebra under fluoro-
scopic control.

In contrast to balloon kyphoplasty, vertebro-
plasty does not rely on the generation of a cavum 
of defined void within the treated vertebral body. 
Due to low viscosity of the PMMA plastic mate-
rial and the overall technical procedure, a sig-
nificant reheightening of the treated vertebra is 
not expected. The distribution of the PMMA 
plastic material within the treated vertebral body 
cannot be controlled; therefore, PMMA leak-
ages are more frequent after vertebroplasty. A 
typical location for PMMA leakages after verte-
broplasty is the venous plexus surrounding the 
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Fig. 14.1 Kyphoplasty in a 34-year-old patient was 
performed to improve severe lumbar back pain and 
to stop ongoing compression fracturing of all 

lumbar vertebrae due to myeloma. After 2 years, 
the X-rays demonstrate radio-morphologically a 
stable anatomical situation
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14 vertebrae which – for most cases – does not have 
any clinical consequences.

14.5  
 Comparison of Kyphoplasty  
and Vertebroplasty

The major technical difference between these 
two osteoplastic techniques is the usage of a 
balloon catheter for balloon kyphoplasty as 
described above in more detail. The balloon 
creates a void of defined volume within the 
fractured vertebra that is subsequently filled 
with plastic (or “cement”) material of high vis-
cosity to internally stabilize the fractured ver-
tebral body. Leakages of the used plastic or 
cement material are therefore significantly less 
likely after balloon kyphoplasty. Another 
advantage for balloon kyphoplasty is the com-
pression of spongious bone material during the 
intravertebral expansion of the balloon which 
creates a condensed spongiosa layer surround-
ing the void which may close possible cortical 
perforations of the vertebral body and allows 
bone repair to occur on the surface of the 
implanted plastic or cement material. In case 
of malignant disease and pathological oste-
olytic lesions, the malignant tissue is com-
pressed and relocated to subcortical areas 
supporting local control, e.g., by radiation or 
chemotherapy.

The extent and the direction of dissemina-
tion of the PMMA material are less controllable 
in vertebroplasty leading to leakages mainly in 
venous plexus surrounding the vertebrae or into 
the muscle tissue. The direction of the dissemi-
nation is determined by areas within the verte-
bral body providing the lowest resistance which 
may predispose to leakages. Vertebroplasty may 
be more beneficial for the patient at an early 
time point when the vertebral body containing 
a pathological lesion shows signs of collapse 

(e.g., MRI bone edema) but has not lost much of 
its initial height, yet.

14.6  
 Indications and Contraindications

Osteoplastic techniques such as the balloon 
kyphoplasty or vertebroplasty should be consid-
ered if a patient suffers from severe-to-moderate 
pain due to a vertebral fracture or due to an oste-
olytic lesion which cannot be sufficiently con-
trolled by pain medication. In addition, it should 
be considered if these minimally invasive pro-
cedures could potentially prevent future neuro-
logical complications due to instable vertebral 
bodies compromising the function of the spinal 
cord or spinal nerves. This situation occurs most 
often in secondary osteoporosis caused by 
malignant diseases such as multiple myeloma 
which destroys the biomechanical stability of 
the vertebral bodies.

In order to perform osteoplastic procedures, 
the cortical bone of the analyzed vertebral body 
should be intact – particularly the ventral and dor-
sal wall of the respective vertebral body – to pre-
vent leakages of plastic or cement material into 
the spinal canal. Pedicular structures have also to 
be intact to apply the osteoplastic insertion instru-
ments safely under fluoroscopic control. There 
should be no major degenerative changes of the 
spine that would compromise the fluoroscopic 
visibility of crucial vertebral structures and orien-
tation by the surgeon during surgery.

Osteoplastic procedures are contraindicated 
in case of local or systemic infections. In par-
ticular, spondylodiscitis has to be excluded pre-
operatively as cause of a vertebral destruction. 
For most traumatic vertebral fractures without 
primary or secondary osteoporosis, osteoplas-
tic procedures are not recommended because 
bone fragments will be dislocated such that 
neurologic complications may occur or the 
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morphological stability of the entire vertebral 
body may be jeopardized.

14.7  
 Randomized Controlled Studies  
of Osteoplastic Procedures for Vertebral 
Osteoporotic Fractures

No randomized, sham-controlled and blinded 
studies have so far been published on vertebral 
fractures and pain for malignancy-induced ver-
tebral compression fractures. There is one ran-
domized, controlled study in patients with 
multiple myeloma demonstrating a beneficial 
effect of kyphoplasty for at least 12 months as 
compared to non-standardized conservative 
management of painful vertebral fractures due 
to multiple myeloma (Berenson et al. 2009).

There are three randomized, controlled studies 
on osteoplastic procedures published for osteo-
porotic painful vertebral compression fractures.

The randomized FREE study (Wardlaw et al. 
2009) investigated the balloon kyphoplasty in 
300 patients with a mean age of 73 years. Ninety-
five percent of the patients were diagnosed with 
primary and 5% with secondary osteoporosis. 
Patients had one to three vertebral fractures with 
a mean time interval between diagnosis of verte-
bral fracture and the kyphoplasty procedure of 
5 weeks. All treated vertebrae had a minimum 
height reduction of 15% and a bone marrow 
edema in MRI. One hundred and thirty-eight 
patients treated with balloon kyphoplasty had 
postoperatively and also after 12 months a sig-
nificant reduction in back pain and up to 
6 months after kyphoplasty an improved mobil-
ity compared to the conservatively treated group. 
This study did not evaluate vertebral augmenta-
tion or a possible improvement of the kyphosis 
angle of the spine.

A double-blind randomized, sham-controlled 
study was published by Buchbinder et al. (2009) 

investigating vertebroplasty in 78 patients with a 
mean age of 76 years with painful osteoporotic 
vertebral fractures. Patients had one to two ver-
tebral fractures not older than 12 months, and 
MRI confirmed bone marrow edema or fracture 
line. Thirty-five patients received vertebroplasty, 
and 36 patients underwent a sham procedure 
(local skin and periosteal anesthesia, synthetic 
material prepared to induce the PMMA smell 
in the operating room). In this study, no statis-
tical difference of pain reduction between ver-
tebroplasty and sham treatment group was 
noted postoperatively or 3 and 6 months after 
vertebroplasty.

Kallmes et al. (2009) investigated vertebro-
plasty in a randomized blinded, sham-controlled 
study in 131 patients at a mean age of 73 years 
with osteoporotic vertebral fractures. The pati-
ents were diagnosed with one to three vertebral 
fractures. The verum group (n = 68) received 
mainly monopedicular vertebroplasty; for some 
vertebrae that did not contain “satisfactory 
amounts” of synthetic material, a bipedicular 
vertebroplasty was performed. A sham proce-
dure was performed for control patients and a 
crossover of the patients was allowed after 
1 month or at a later time point if pain reduction 
was not sufficient. Whereas the pain reduction 
was not significantly different between the two 
groups, more patients (n = 27) in the sham-
operated control group crossed over to verum. 
Only eight patients of the verum group crossed 
over to the alternative treatment.

In a competitive randomized study compar-
ing balloon kyphoplasty to vertebroplasty (Liu 
et al. 2010), 50 patients per group at a mean age 
of 73 years were treated with vertebroplasty or 
balloon kyphoplasty. In the postoperative period 
as well as after 3 months, there was no signifi-
cant difference in pain reduction between the 
two techniques. Vertebrae treated with balloon 
kyphoplasty were found to have a better verte-
bral augmentation and an improvement of the 
degree of the kyphosis.
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14 In a non-randomized, controlled study (n = 40), 
balloon kyphoplasty was compared to a stan-
dardized control treatment (n = 20) for painful 
osteoporotic vertebral fractures. Balloon kypho-
plasty was superior to conservative treatment 
regarding pain reduction over a period of at 
least 12 months and with regards to mobility in 
the first 6 months after kyphoplasty (Kasperk 
et al. 2005; Grafe et al. 2005). All vertebrae in 
the control group exhibited a progression of 
vertebral compression fracturing, whereas after 
balloon kyphoplasty a small but significant 
vertebral augmentation was recorded.

14.8  
 Studies Using Kyphoplasty and Vertebroplasty 
in Patients with Multiple Myeloma

Published reports on the outcome after minimal-
invasive osteoplastic procedures (kyphoplasty 
and vertebroplasty) in patients with back pain 
due to multiple myeloma are based on pro-
spective and retrospective, uncontrolled and 
unblinded cohort studies. In Tables 14.1–14.3, 
an overview on published trials utilizing kypho-
plasty and vertebroplasty in patients with mul-
tiple myeloma is presented, including series 
with ³10 patients with multiple myeloma.

In some of the published studies, the indica-
tion for an intervention is evaluated by an inter-
disciplinary team, and preoperative spine X-rays, 
MRI and CT scans are needed for this interdisci-
plinary assessment (Huber et al. 2009). Inclusion 
criteria for both kyphoplasty and vertebroplasty 
are localized painful vertebral fractures refrac-
tory to conservative treatment including opiate 
analgesia and/or physical therapy. In many 
cases, a desired more effective restoring of the 
height of a recently fractured vertebra leads to 
the selection of kyphopasty instead of vertebro-
plasty as the most appropriate procedure. Typical 
exclusion criteria for both interventions (kypho-
plasty and vertebroplasty) include unstable 

fractures (i.e., with a destruction of the posterior 
wall of the vertebral body) or with retropulsed 
tumor tissue or bone fragments, epidural com-
pression of neural elements, stenosis of the spi-
nal canal, radicular pain, failure to localize 
symptomatic levels at the spine, intolerance to 
being positioned prone, significant medical con-
traindications (e.g., coagulopathy), or local or 
systemic infection. While kyphoplasty is typi-
cally performed in general anesthesia, vertebro-
plasty was usually conducted in local anesthesia 
in most patients. The treated levels by both 
kyphoplasty and vertebroplasty are mainly 
located in the thoracic and lumbar spines. There 
are few reports on vertebroplasty in cervical 
vertebral bodies (e.g., Pflugmacher et al. 2006b); 
however, cervical vertebral bodies are not 
treated routinely by osteoplastic procedures. 
The reported cement leakage rates are somewhat 
higher after vertebroplasty treatment (0–94%) 
compared to kyphoplasty (0–26%). In two retro-
spective studies, the included patients with mul-
tiple myeloma were treated either by kyphoplasty 
or by vertebroplasty (or both at different levels) 
(Fourney et al. 2003; Köse et al. 2006; 
Table 14.3). Köse et al. report a significantly bet-
ter pain improvement after kyphoplasty com-
pared to the vertebroplasty group after 6 and 
12 months. However, due to the retrospective 
design and small group size as well as a possible 
selection bias by different indications for kypho-
plasty and vertebroplasty, no direct comparison 
of efficacy and safety of both procedures is pos-
sible on the basis of these trials.

There is no randomized, blinded, sham-
controlled clinical study to confirm the use of 
osteoplastic procedures in myeloma cases or 
other malignant entities causing osteolytic ver-
tebral lesions. However, evidence from one ran-
domized trial in myeloma patients (Berenson 
et al. 2009) and evidence provided from ran-
domized trials in patients with primary osteopo-
rosis are the current bases for the identification 
of myeloma patients most likely to benefit from 
osteoplastic procedures.
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Supportive Therapy in Multiple 
Myeloma

Heinz Ludwig and Niklas Zojer 

Abstract In this chapter we want to give an 
overview on various supportive measures, 
which help to prevent or to fight complications 
of multiple myeloma, improve patient wellbe-
ing and increase safety of administration of spe-
cific anti-myeloma therapy.

15.1  
 Introduction

Multiple myeloma is characterized by bone 
disease with osteolytic lesions, fractures and 
osteoporosis, renal impairment, anemia, and 
immunological impairment. These sequels of 
the disease and the toxicity of myeloma  therapy 
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15 often significantly reduce the physical, emo-
tional, and psychosocial well-being of myeloma 
patients making supportive therapy an essen-
tial part of therapeutic management. Supportive 
care includes preventive measures such as vac-
cinations; prophylactic anti-infective measures; 
prophylaxis and treatment of myeloma bone 
disease and hypercalcemia; treatment of ane-
mia, pain, infections, renal impairment; and 
psychological support. The concerted action of 
these interventions can significantly reduce 
morbidity and improve the patient’s quality 
of life during the different phases of their 
disease.

15.2  
 Myeloma Bone Disease

Bone pain is a prominent symptom in myeloma. 
Typically, patients experience localized bone 
pain, but pain may be multifocal and/or migra-
tory. At diagnosis, almost all patients have fea-
tures of osteoporosis; 70% show osteolytic 
lesions on plain radiography and 30% have 
fractures (Kyle 1975). Initially, some patients 
show both increased bone degradation and ele-
vated osteogenesis, but as the disease pro-
gresses, bone degradation by far outweighs 
bone formation (Taube et al. 1992). Thus, the 
typical radiologic appearance of bone lesions in 
myeloma are lytic foci without any accompany-
ing sites of bone formation, known as “punched 
out” bone lesions (Terpos and Dimopoulos 
2005).

15.2.1  
 Mechanisms of Bone Disease

In myeloma, several cytokines contribute to the 
increased formation, differentiation, and stimu-
lation of osteoclasts and inhibition of  osteoblasts. 

These cytokines are mainly secreted by bone 
marrow stromal cells and often induced by direct 
myeloma-stromal cell contact. Interleukin-1b 
(IL-1b), tumor necrosis factor (TNF)-a, 
TNF-b, interleukin-6 (IL-6), macrophage col-
ony stimulating factor (M-CSF), vascular 
endothelial growth factor (VEGF), and other 
cellular growth hormones have all been impli-
cated as major osteoclast activators (Bataille 
et al. 1997; Podar et al. 2001). Receptor acti-
vator of nuclear factor-kappaB ligand 
(RANKL) (Roux et al. 2002), which is pro-
duced by bone marrow stromal cells induces 
differentiation of osteoclast progenitors and 
activates mature osteoclasts by binding to its 
receptor (RANK) on the respective cell types. 
In normal bone tissue homeostasis, RANKL 
and its natural decoy receptor osteoprotegerin 
(OPG) are carefully balanced. In myeloma, an 
imbalance between OPG and RANKL is fre-
quently observed, with impaired OPG produc-
tion and sequestration of available OPG by 
binding to syndecan-1 (CD138) on myeloma 
cells. Macro phage inflammatory protein-
1alpha (MIP-1alpha) is another inflammatory 
cytokine which recently has been shown to 
enhance RANKL- and IL-6-induced osteoclast 
formation (Han et al. 2001). Restoring the bal-
ance between RANKL and OPG not only stops 
myeloma-induced bone resorption (Croucher 
et al. 2001; Hofbauer et al. 2001), but also 
inhibits growth and survival of myeloma cells. 
The latter effect occurs only when the disease 
process is restricted to the bone marrow, 
whereas extramedullary myeloma cell clones 
seem to have a different growth pattern 
(Yaccoby et al. 2002). Recently, dickkopf pro-
tein1 (DKK1) (Tian et al. 2003) and frizzled 
related protein (sFRP)-2 (Oshima et al. 2005) 
have been identified as inhibitors of the Wnt 
signaling system that supports osteoblastogen-
esis. Both proteins are secreted in excess by 
myeloma cells and hence suppress bone 
formation.
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15.2.2  
 Bone Fractures

Fractures of long bones occur most frequently 
as a result of bone rarefaction in the proximal 
parts of the upper arm and femora. They usually 
require stabilization by surgical fixation with 
connecting osteosynthesis. Radiotherapy may 
be used as sole treatment in selected cases but 
should be applied to all lesions prone to frac-
ture. A single 8–10 Gy fraction is recommended 
(Terpos and Dimopoulos 2005).

15.2.3  
 Vertebral Lesions

Osteoporosis may prevail as the only bone sign 
of multiple myeloma. Frequently, one or more 
vertebral bodies are found to be affected by 
either osteolytic lesions and/or vertebral col-
lapse. Painful sites should be irradiated (8–10 Gy 
within a single fraction). Vertebroplasty or 
kyphoplasty may be used for immediate pain 
control and for stabilization of the affected ver-
tebral bodies in case osteolytic lesions are con-
fined to one or few vertebra. Kyphoplasty will 
also result in complete or partial restoration of 
the collapsed vertebral body. Some patients may 
present or develop instability of their spine 
requiring complex orthopedic or neurosurgical 
interventions in order to reestablish stability.

15.2.4  
 Bisphosphonates

Bisphosphonates (BP) are derived from pyro-
phosphates by substitution of an oxygen atom 
with a carbon atom and modifying one or both 
lateral chains of the molecule. Their affinity for 
Ca2+ allows them to bind quickly and specifi-
cally to hydroxyapatite, the major calcium con-
taining mineral in bone, especially in regions 

where resorption is occurring. When osteoclasts 
break down bone, bisphosphonates accumulate 
in the resorption space under these cells, expos-
ing them to high bisphosphonate concentrations. 
Bisphosphonates inhibit the recruitment of 
osteoclasts from their precursor cells and sup-
press their subsequent cellular proliferation and 
differentiation (Siris 1997). They also inhibit the 
production of IL-6, the most important growth 
hormone for myeloma cells, and stimulate 
apoptosis of osteoclasts and myeloma cells 
(Abildgaard et al. 1998; Shipman et al. 1997, 
1998; Takahashi et al. 2001). The efficacy of the 
bisphosphonates clodronate, pamidronate, and 
zoledronate in preventing bone lesions has been 
investigated in several randomized trials while 
for ibandronate few data from randomized trials 
are available.

Etidronate and clodronate have been studied 
as oral formulation. Because intestinal resorp-
tion for all oral bisphosphonates is poor (usu-
ally <3%), patients are required to fast for at 
least 1 h prior to and after ingesting the medica-
tion. Etidronate was found to be clinically inef-
fective (Belch et al. 1991; Daragon et al. 1993), 
although reduction of bone resorption was noted 
in one trial (Daragon et al. 1993). Treatment 
with 2.4 g clodronate per day resulted in a 50% 
reduction in the progression of osteolytic 
lesions, an increase in the proportion of patients 
with no pain, and greater decreases in serum 
and urinary calcium compared to the placebo-
treated controls in a Finnish trial (Lahtinen 
et al. 1992). Interestingly, similar results were 
reported with a much lower dose of 1.6 g per 
day by the British MRC group (McCloskey 
et al. 1998). In this study, a 50% reduction in 
non-vertebral fractures and a decrease in hyper-
calcemic events as well as significantly fewer 
vertebral fractures were observed. Back pain 
and loss of body height was less in the clo-
dronate group which also had better perfor-
mance status after 24 months, but survival was 
not prolonged.
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15

Pamidronate has only limited activity as oral 
formulation (Brincker et al. 1998) and hence, 
usually is administered as a 90 mg infusion 
(over 3–4h) in monthly intervals. Several trials 
confirmed its efficacy in reducing bone pain, 
episodes of hypercalcemia, and skeletal compli-
cations (Berenson et al. 1996, 1998). In patients 
starting pamidronate treatment during second-
line or subsequent chemotherapy regimens, a 
prolongation of survival was also observed 
(Berenson et al. 1998). In a dose-escalation 
study evaluating tolerability and effectiveness 
of repeated pamidronate infusions, a close cor-
relation was found between dose intensity and 
treatment effects. Dose intensities of 25–45 mg/
week resulted in a significant palliative effect, 
whereas the best results were obtained with 
high doses of 60 or 90 mg pamidronate (Thürli-
mann et al. 1994) (Table 15.1). Disappointing 
results with pamidronate maintenance treatment 
have recently been reported in patients 

randomized to control, pamidronate, or 
pamidronate and thalidomide maintenance ther-
apy after double autologous transplantation 
(Attal et al. 2006). The number of skeletal 
events was only marginally lower in patients on 
pamidronate maintenance therapy compared to 
controls (24% vs. 21%, ns) and slightly higher 
than in those on pamidronate plus thalidomide 
(18%). Likewise, overall survival was not 
affected by pamidronate maintenance therapy 
(4 year survival rate: control 77%, pamidronate 
74%, pamidronate plus thalidomide 87%, 
p < 0.04).

Among the newer more potent aminobispho-
sphonates, zoledronic acid (Berenson et al. 
2001), ibandronate (Coleman et al. 1999), and 
incadronate (Shipman et al. 1998), zoledronic 
acid is the most widely used one that combines 
high activity with convenience of administra-
tion. A short infusion (5 min) of doses of 2 or 
4 mg, is as effective as 2-h infusions of 90 mg 

Substance Pamidronate Zoledronate Clodronate

Dose 90 mg 4 mg 1,600 mg
Application mode 3-h infusion 15-min infusion 2-h infusion or oral
Interval at onset of therapy Monthly Monthly Monthly, or if oral 

daily
Treatment duration
ASCO 2 years

Monitor creatinine prior to each dose of pamidronate or zoledronate
Monitor calcium, magnesium, phosphate, electrolytes, Hb/Hc

IMWG CR, VGPR, discontinue after 1 year, continue of <VGPR and/or ongoing 
active bone disease After 2 years: discontinue if no active bone disease, if 
active bone disease continue at your discretion

Mayo 2 years
After 2 years: discontinue if CR or stable plateau phase if active disease 
continue with prolonged treatment intervals (3 months)

NCCN No recommendation, chronic users should be monitored for renal function 
and ONJ
Clodronate not mentioned

ESMO Long term, type of bisphosphonate not mentioned

Table 15.1 Guidelines for use of bisphosphonates
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pamidronate (Berenson et al. 2001). Because of 
its potential nephrotoxicity, the recommended 
infusion time is now 15 min using a dose of 
4 mg, administered at monthly intervals. 
Zoledronic acid should be withheld in patients 
with renal impairment (creatinine level above 
normal, and in patients with >50% increase of 
their baseline creatinine) making testing of renal 
function prior to infusion mandatory. 
Nephrotoxic drugs such as NSAIDs, contrast 
media, and aminoglycoside antibiotics should 
be withheld on the day of zoledronate therapy. 
In contrast to an anecdotal prior report (Myers 
et al. 2002), we (Ludwig et al. 2009) and others 
(Rosen et al. 2001) did not observe any increase 
in episodes of renal impairment in patients 
treated with the combination of thalidomide and 
zoledronic acid. A comparison between zole-
dronate and pamidronate showed similar clini-
cal efficacies between both drugs, only the bone 
resorption marker N-telopeptide of collagen 
type I (NTX) was more suppressed in the zole-
dronate cohort (Siris 1997; Abildgaard et al. 
1998). A recent comparison in 1960 patients 
between intravenous zoledronate and oral clo-
dronate revealed a moderate reduction of skel-
etal events (27% vs. 35%, ns) and significant 
prolongation of progression-free (19.5 vs. 17.5 
months) and of overall survival (50 vs. 44.5 
months) with monthly zoledronate therapy 
(Morgan et al. 2010).

Ibandronate, another highly effective amino-
bisphosphonate, offers the advantage of excellent 
renal tolerance (Jackson 2005), but so far has 
failed to render convincing results in the preven-
tion and treatment of myeloma bone disease 
(Terpos et al. 2003; Menssen et al. 2002). 
Table 15.2 shows a synopsis of the main random-
ized, placebo-controlled trials on bisphosphonate 
treatment in myeloma patients (Belch et al. 1991; 
Daragon et al. 1993; Lahtinen et al. 1992; 
McCloskey et al. 1998; Brincker et al. 1998; 
Berenson et al. 1998, 2001; Attal et al. 2006; 

Rosen et al. 2001, 2003; Terpos et al. 2003; 
Menssen et al. 2002; Djulbegovic et al. 2001; 
McCloskey et al. 2001; Harvey and Lipton 1996).

15.2.4.1  
 Adverse Events of Bisphosphonates

Side effects of bisphosphonates depend on the 
type of drug and route of administration. Oral 
treatment can be associated with gastrointesti-
nal adverse effects such as nausea, abdominal 
discomfort, slight anorexia, and diarrhea. A 
transient (up to 24 h) inflammatory reaction 
with flu-like symptoms, fever, and myalgia and 
arthralgia, particularly after the first infusion, can 
be seen with the use of amino bisphosphonates 
in about 30–40% of patients (Hewitt et al. 
2005). Pamidronate has been associated with 
ocular inflammatory disease such as scleritis, 
uveitis, conjunctivitis, and also with blurred 
vision (Santaella and Fraunfelder 2007). Renal 
impairment is rare with clodronate, ibandronate, 
and pamidronate, but more frequently seen with 
zoledronate (Berenson 2005). However, in most 
patients bisphosphonate treatment is well 
tolerated.

Osteonecrosis of the Jaw (ONJ)

ONJ has emerged as the most important compli-
cation of therapy with bisphosphonates. Current 
evidence suggests that zoledronate confers a 
significant greater risk for this complication 
than other bisphosphonates and that the cumu-
lative dose and duration of treatment play a role 
(Zervas et al. 2006). Dental procedures, 
impaired immune defense, local  infections, 
treatment with corticosteroids, thalidomide, and 
cytotoxic drugs are likely contributors. Patients 
should have a dental exam and those with unre-
solved dental complications or with planned 
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15 invasive procedures should not be started on 
bisphosphonates. These and other preventive 
measures seem to reduce the incidence of 
osteonecrosis (Dimopoulos et al. 2009).

15.2.4.2  
 Guidelines for the Use of Bisphosphonates

Several international groups, such as American 
Society of Oncology (Kyle et al. 2007), National 
Comprehensive Cancer Network (NCCN) 
(Anderson and NCCN Multiple Myeloma Panel 
Members 2009), the Mayo Clinic (Lacy et al. 
2006), the European Society for Medical 
Oncology (ESMO) (Harousseau and Dreyling 
2008), and the International Myeloma Working 
Group (Durie 2007), issued guidelines regarding 
the use of bisphosphonates. According to the 
majority of these guidelines, all patients with 
active disease should be started on bisphospho-
nates. This therapy should be continued for 
2 years. Due to the increasing risk of ONJ with 
increasing duration of therapy, bisphosphonates 
should be stopped in patients with CR or VGPR 
without active bone disease, but continued with 3 
monthly treatment intervals (Lacy et al. 2006 ) in 
those with active bone disease and/or less than 
VGPR. None of the guidelines provides recom-
mendations regarding the maximal treatment 
duration. Pamidronate is favored over zoledronic 
acid until more data are available on the risk of 
ONJ and other complications. Oral clodronate 
treatment may be preferred by some patients 
because of its ease of application and lower risk of 
ONJ, and may be offered as low cost alternative. 

15.2.4.3  
 Prophylactic Measures for ONJ

Patients should receive a comprehensive dental 
examination and should be informed about the 
importance of optimal dental hygiene. Existing/

high-risk dental conditions should be treated 
before initiating BP therapy. After therapy ini-
tiation, unnecessary invasive dental procedures 
should be avoided and dental status should be 
monitored on an annual basis. Dental problems 
should be managed conservatively. Temporary 
suspension of bisphosphonate treatment should 
be considered if invasive dental procedures are 
necessary. Initial therapy of ONJ should include 
discontinuation of bisphosphonates until heal-
ing occurs. The decision to restart bisphospho-
nate should be individualized, until prospective 
long-term studies are available, considering 
possible advantages and disadvantages of bis-
phosphonate therapy.

Presently, information on a possible benefit 
of bisphosphonates for the prevention of pro-
gression of patients with MGUS to multiple 
myeloma is not available. Further studies are 
also needed to evaluate their role in patients 
with smoldering myeloma.

15.3  
 Hypercalcemia

15.3.1  
 Diagnosis and Symptoms

Hypercalcemia, the most frequent metabolic 
complication of multiple myeloma, is predomi-
nantly caused by tumor-induced bone resorp-
tion. In myeloma patients with impaired kidney 
function, hypercalcemia can be aggravated by 
decreased renal calcium excretion.

Diagnosis of hypercalcemia solely based on 
increased serum calcium levels is unreliable, 
because binding of albumin to circulating cal-
cium tends to lead to underestimations of bio-
logically active calcium. For more accurate 
results, the concentration of ionized calcium 
should be determined. Alternatively, the cal-
cium level should be corrected as follows 
(Payne et al. 1979):
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The frequency and intensity of the symptoms of 
hypercalcemia depend on its severity. Patients 
with slightly increased calcium levels 
(<3 mmol/L) are often asymptomatic, whereas 
more pronounced hypercalcemia (3–4 mmol/L) 
is associated with symptoms, such as dry mouth, 
nausea, vomiting, anorexia, constipation, poly-
dipsia, polyuria, fatigue, depression, confusion, 
impairment of cognitive function or, rarely, 
even coma. Beyond levels of 4 mmol/L, the 
patient may develop a hypercalcemic crisis, 
which can be fatal, if not immediately treated.

15.3.2  
 Treatment of Hypercalcemia

15.3.2.1  
 Rehydration

Successful myeloma therapy is the best pro-
phylaxis for myeloma-associated hypercalce-
mia. Treatment of symptomatic hypercalcemia 
should immediately be started with intravenous 
saline (3–6 L per day), for restoring extracel-
lular volume depletion and for inducing cal-
cium diuresis. Fluid repletion alone can reduce 
serum calcium levels by 0.3–0.5 mmol/L within 
48 h.

Forced saline diuresis with the addition of 
high doses of loop diuretics (furosemide 
80–100 mg/day) can be used to induce 
sodium-linked calcium diuresis, but requires 
careful monitoring of central venous pressure 
and frequent evaluations of serum electrolytes, 
with electrolyte replacements if appropriate. 
The load of intravenous fluid may be increased 
to 500–750 mL/h under intensive clinical obser-
vation. In patients who receive only moderate 
amounts of saline under routine monitoring 
conditions, diuretics may aggravate volume 

depletion and, therefore, are only recommended 
when fluid balance can be carefully monitored.

15.3.2.2  
 Bisphosphonates

Aside from adequate hydration, bisphosphonates, 
such as pamidronate, zoledronate or clodronate, 
have become the second mainstay of myeloma-
associated hypercalcemia treatment (Body et al. 
1998; Carano et al. 1990). Clodronate should be 
given either at a dose of 1,200 mg as a single infu-
sion over 6 h or repeatedly at daily doses of 300–
600 mg. Pamidronate may be given at a dose of 
60–90 mg as a single 3-h infusion. Two to three days 
may elapse before decreases in calcium levels 
occur, and full treatment effect may take 10–14 days 
for clodronate and 20–30 days for pamidronate. 
Bisphosphonate treatment should be continued 
with oral clodronate (400 mg 3 times/day) or inter-
mittent monthly clodronate (600–1,200 mg) or 
pamidronate (60–90 mg). Pamidronate treatment 
may induce transient pyrexia as adverse effect.

Ibandronate and zoledronic acid, third-gen-
eration bisphosphonates, are more potent than 
pamidronate in treatment of hypercalcemia. In 
addition, they allow shorter infusion periods. 
Ibandronate can even be applied as a slow intra-
venous injection and is highly active in hyper-
calcemia (Pecherstorfer et al. 2003). In patients 
with hypercalcemia, however, Ibandronate has 
been administered as a 2 h infusion (Pecherstorfer 
et al. 2003), at a dose of 2–6 mg and was found 
to reduce serum calcium levels sufficiently 
within 3–4 days and to maintain this reduction 
for up to 30 days (Body 2001). Zoledronic acid, 
given as a 15-min infusion at a dose of 4 mg, 
induced calcium normalization in a larger num-
ber of patients and prevented relapses for longer 
time periods than pamidronate, while still 

( / ) ( / ) [0.025 ( / )] 1

Corrected serum

calcium mmol L measured serum calcium mmol L albumi g L= - ¥ +-
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15 showing a good safety profile (Body 2001; 
Major and Coleman 2001).

15.3.2.3  
 Calcitonin and Corticosteroids

Additional treatment with calcitonin should 
be considered in patients who are at risk of 
developing a hypercalcemic crisis. Calcitonin 
effectively suppresses osteoclastic bone resorp-
tion, inhibits renal tubular calcium reabsorption, 
and reduces serum calcium levels within 2 h. The 
effect of calcitonin on bone resorption is short 
lived due to its down regulatory activity on osteo-
clast receptors, while its effect on renal calcium 
excretion is more persistent and important for 
long-term control of hypercalcemia (Ralston et al. 
1985). Finally, corticosteroids, which are routinely 
included in several chemotherapy regimens for 
the treatment of myeloma, curb intestinal calcium 
absorption and can also inhibit bone resorption to 
some degree. Therefore, they are often included in 
combination therapies for hypercalcemia.

15.4  
 Anemia

15.4.1  
 Pathogenesis of Anemia

Anemia is a common complication of myeloma 
and its treatment (Birgegard et al. 2006). Twenty 
to 60% of patients already present with mild or 
moderate anemia at diagnosis, and almost all 
patients with uncontrolled long-standing dis-
ease become anemic. Myeloma-associated ane-
mia is induced by one or several of a variety 
of factors, namely, erythropoietin deficiency 
(Musto 1998), which occurs in practically all 
patients with impaired kidney function and in 
about 25% of patients with normal creatinine 
levels (Beguin et al. 1992), decreased respon-

siveness of the erythron to proliferative signals 
of erythropoietin, insufficient numbers of eryth-
roid precursor cells, a direct pro-apoptotic effect 
on erythroid precursor cells by FAS-ligand- 
and/or TRAIL-positive myeloma cells, a short-
ened lifespan of red blood cells, impaired iron 
utilization, and paraprotein-induced expansion 
of the plasma volume leading to dilutional ane-
mia. In addition, myeloma therapy, chemo- as 
well as radiotherapy, may cause anemia or 
aggravate an already existing anemic state.

The blunted erythropoietin response to the 
anemic condition seen in the majority of anemic 
myeloma patients is mediated by inflammatory 
cytokines (IL-1, TNF-a, and interferon-g) that 
suppress both erythropoietin synthesis (Faquin 
et al. 1992) and proliferation of erythroid pre-
cursor cells (Balkwill et al. 1987; Denz et al. 
1990) and possibly by increased hepcidin levels 
that decrease intestinal iron resorption and 
inhibit the release of iron from storage pools, 
leading to functional iron deficiency. Another 
contributing factor to blunted erythropoietin 
response is increased plasma viscosity caused 
by high paraprotein levels (Singh et al. 1993). 
Activated macrophages also remove slightly 
damaged red blood cells from circulation, thus 
shortening their lifespan.

15.4.2  
 Clinical Symptoms of Anemia

Anemic myeloma patients may present with 
various symptoms. Almost all of them suffer 
from fatigue (Palumbo et al. 2005), which is 
often associated with depression, emotional dis-
turbance, or impaired cognitive function. The 
peripheral hypoxia of moderate-to-severe ane-
mia induces vasodilatation, which may lead 
to compensatory tachycardia, left ventricular 
hypertrophy, and, in cases with severe anemia, 
to congestive heart failure and pulmonary 
edema. As myeloma patients are typically 
elderly and often have other morbid conditions, 
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the symptoms of anemia may be pronounced, 
even at moderately reduced hemoglobin levels.

15.4.3  
 Treatment of Anemia

15.4.3.1  
 Transfusions

Patients who are severely symptomatic due to 
anemia and in need for rapid improvement 
should receive red blood cell transfusions 
(RBC). One unit of red cells consists of roughly 
1.7 × 1012 red cells in 270 mL, 0.1 × 106 leuko-
cytes, 0.2 × 109 platelets, and 200–250 mg 
iron. Nowadays, special filters that reduce the 
contamination with white blood cells are 
applied to reduce the risk of alloimmunization 
and of transfusion reactions and also the risk of 
transferring CMV infections. The transfusion 
of 2 units of RBCs usually results in an imme-
diate increment of 1–2 g in hemoglobin levels, 
but the improvement is only transient and 
unless the patient’s condition is changing, 
repeated transfusions will be required in rela-
tively short intervals (2–3 weeks). Transfusions 
are associated with several risks, such as 
immediate and late immunological reactions, 
transfer of infections, volume and iron over-
load, and in rare cases, even induction of graft 
versus host disease (Ludwig 2002). In addi-
tion, transfusions have been reported to 
increase the relapse rate in patients with col-
orectal cancer with the risk for recurrence 
increasing with the number of transfusions 
administered perioperatively (Amato and 
Pescatori 2006) and to reduce survival in gen-
eral (Vamvakas and Taswell 1994).

In addition, transfusions that had been stored 
for more than 2 weeks were found to increase 
the mortality risk in patients undergoing cardiac 
surgery (Koch et al. 2008). Transfusions admin-
istered to critically ill patients increase morbid-
ity and mortality (Marik and Corwin 2008).

Hence, data indicating serious safety con-
cerns with transfusions are accumulating. 
Lastly, transfusions reduce the patient’s auton-
omy and require substantial logistic support. 
Transfusions, however, are the only effective 
treatment in patients unresponsive to erythro-
poiesis-stimulating agents (ESAs).

15.4.3.2  
 Erythropoiesis-Stimulating Proteins (ESAs)

Treatment with ESAs is another treatment 
option for anemia, which, in contrast to the “old 
reasoning,” is not interchangeable with red 
blood cell transfusions. ESAs have different 
indications (HB < 10 g/dL vs. Hb < 8 g/dL for 
RBCs), different response rates (60–70% vs. 
~100% for RBCs), and different toxicities. The 
first documentation of their efficacy in myeloma 
had already been published as early as 1990 
(Ludwig et al. 1990). Eighty-five percent of 
patients responded to erythropoietin alpha with 
an increase in hemoglobin of ³2 g/dL. These 
initial findings have subsequently been con-
firmed by a series of prospective randomized 
phase 3 trials, most of them including patients 
with multiple myeloma together with patients 
with CLL and other non-Hodgkin’s lympho-
mas. These trials (Table 15.3) compared either 
erythropoietin alpha, erythropoietin beta, or 
darbepoetin alpha with a placebo or untreated 
control group and documented a response rate 
(response being defined as increase in hemoglo-
bin of ³ 2 g/dL) of 60–75% (Dammacco et al. 
1998, 2001; Garton et al. 1995; Osterborg et al. 
1996, 2002; Cazzola et al. 1995, 2003; Silvestris 
et al. 1995; Hedenus et al. 2003). The response 
rates obtained in patients with multiple myeloma 
tended to be slightly higher compared to patients 
with other lymphomas (Osterborg et al. 1996; 
Cazzola et al. 1995), and importantly, responses 
were also noted in a fraction (0–21%) of the 
untreated controls, indicating that erythropoie-
sis can recover in patients responding to tumor 
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treatment. Treatment of poor prognosis patients 
results in lower response rates as documented in 
one study reporting a ³2 g/dL increase in Hb 
levels in 35% of patients only (Musto et al. 
1997). This accords with the general experience 
that response to ESAs is poor in patients with 
rapidly progressive disease, acute infections or 
heavy inflammation, and shortly after autolo-
gous transplantation and after surgery.

15.4.3.3  
 Treatment Recommendations for ESAs

Treatment guidelines have been issued by 
ASCO/ASH (Rizzo et al. 2008), EORTC 
(Bokemeyer et al. 2007; Aapro and Link 2008), 
ESMO (Greil et al. 2008), and other organiza-
tions or groups. Due to increased mortality or 
recurrence rate reported in eight of more than 
60 prospective randomized trials, the indication 
for ESA use has been restricted by the FDA and 
EMEA to patients undergoing concomitant 
chemotherapy. Treatment should be started in 
patients with Hb <10 g/dL or in those with 
significant symptoms at Hb levels <11 g/dL. 
Erythropoietin alpha or beta can be used at a 
dose of 10,000 U TIW, or 30,000 U or 40,000 U 
once weekly, and darbepoetin at 150 mg weekly 
or 500 mg every 3 weeks (Gabrilove et al. 2001). 
Hemoglobin values should be monitored weekly 
and the dosage of ESAs tapered, if necessary, to 
prevent overshooting of hemoglobin levels. In 
patients who fail to respond within 6 weeks, the 
initial dose may be doubled. Patients with abso-
lute or relative deficiencies in endogenous ery-
thropoietin (O/P, i.e., ratio of observed by expected 
hemoglobin level <0.9) (Cazzola et al. 1995, 
2003) and with preserved marrow function as 
reflected by platelet counts >150,000/mL show 
the highest response rates to ESAs (Oster borg 
et al. 2005).

Additional benefits can be expected from 
iron supplementation during the phases of high 
iron demands from enhanced erythropoiesis. In 

patients with renal anemia, intravenous iron 
supplementation reduced the required weekly 
rhEPO dose by 30–70% (Sunder-Plassmann 
and Horl 1997). Parenteral iron should be 
administered in cancer patients with overt iron 
deficiency, as indicated by low transferrin satu-
ration (<20%) and/or high numbers (>5%) of 
hypochromic red cells. It also enhances the 
response to ESAs in patients with functional 
iron deficiency and has been shown to over-
come resistance to erythropoietin alpha in a 
small series of patients with multiple myeloma 
(Katodritou et al. 2004). At present, there is no 
generally accepted recommendation regarding 
the use of intravenous iron in general or regard-
ing a specific iron preparation and its appropri-
ate dose and schedule (Ludwig 2006). Oral iron 
treatment is only of very little benefit during 
erythropoietin therapy.

The most important benefit of ESA therapy 
pertains to the reduction of transfusion need and 
the improvement in quality of life (Demetri 
et al. 1998; Leitgeb et al. 1994) with a better 
sense of well-being, better exercise capacity, 
and less fatigue. The largest gain in quality of 
life from incremental increases of 1 g/dL hemo-
globin occurs, when the hemoglobin increases 
from 11 to 12 g/dL (Crawford et al. 2002). 
Retrospective comparisons regarding the influ-
ence of ESA on survival are methodically 
flawed and yielded conflicting results. One 
study showed a positive impact of ESA therapy 
on survival (Baz et al. 2007), one was negative 
(Katodritou et al. 2008), and another one 
reported no survival difference (Richardson 
et al. 2008). For final clarification, a patient-
level meta-analysis including all hitherto con-
ducted studies and comparing ESA treated 
patients with controls would be required.

Thromboembolic complications are another 
important adverse effect of ESA therapy with a 
hazard ratio of 1.68 for patients with various 
cancers compared to controls (Bohlius et al. 
2006). There is also a risk of thromboembolic 
complications associated with thalidomide or 
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15 lenalidomide treatment (Knight et al. 2006), 
and in these patients, prophylactic anticoagula-
tion with low molecular weight heparin or aspi-
rin is recommended. Hypertension is rare, and 
other adverse effects are usually limited to slight 
pain or mild erythema at the injection site, 
which occurs in a minority of treated patients.

15.5  
 Infections

15.5.1  
 Causes of Infections

Infections, particularly those of bacterial origin, 
are frequent complications of multiple myeloma 
and are among the most common causes of 
death in myeloma patients (Peest et al. 1991). 
The susceptibility of myeloma patients to infec-
tions results mainly from suppression of pro-
duction of polyclonal immunoglobulins and of 
T cell function as well as from granulocytope-
nia (Massaia et al. 1988; Jacobson and Zolla-
Pazner 1986). Treatment-induced mucositis is 
an important risk factor for the intrusion of 
pathogenic microorganisms, and indwelling 
catheters, as used for the application of continu-
ous therapy, pose patients at risk for catheter 
associated gram positive infections.

During active disease, the risk of infections 
is about four times higher than during remission 
(Hargreaves et al. 1995), and during the first 
2 months of induction chemotherapy, bacterial 
infections occur twice as frequently as during 
later treatment episodes. Some of these early 
infections are serious and require hospitaliza-
tion, some may even be fatal; often delay of 
chemotherapy is necessary (Oken et al. 1996). 
After reaching the plateau phase of their dis-
ease, patients at risk for serious infections are 
characterized by poor IgG responses to exoge-
nous antigens, such as pneumococcal capsular 
polysaccharides or tetanus and diphtheria 

toxoids (Hargreaves et al. 1995). Mortality from 
infections is particularly high in immunosup-
pressed patients who have received allografts 
from unrelated donors (Mattsson et al. 1997). 
Patients on high-dose glucocorticoids are prone 
to newly acquired or reactivated viral and fun-
gal infections, with the latter frequently mani-
festing as oral or oro-esophageal candidiasis.

The spectrum of microorganisms isolated 
during a febrile episode changes in the course 
of the disease. In early stage myeloma, the most 
common infections involve the respiratory 
tract, manifesting as bronchitis and pneumonia. 
These infections are predominantly caused by 
Haemophilus influenzae or Streptococcus pneu-
moniae. In patients with advanced myeloma 
and during the neutropenic phases of inten-
sive chemotherapy, Staphylococcus aureus and 
gram-negative bacteria are more common. 
However, infections with gram-positive bacte-
ria have recently become more frequent in 
neutropenic myeloma patients. They were the 
predominant cause of infections observed in 
20–40% of patients after high-dose therapy 
and autologous stem cell transplantation 
(Salutari et al. 1998; Kolbe et al. 1997). Patients 
with advanced myeloma also tend to suffer from 
infections of the urinary tract and of  septicemia. 
Table 15.4 lists microorganisms frequently 
involved in myeloma-associated infections.

Early diagnosis and treatment of infections is 
particularly important in myeloma patients. 
Diagnostic measures should include differential 
blood counts, urine tests, bacterial cultures, and 
viral isolates from blood, urine, and other speci-
mens, chest X-rays and CT scan, serum 
electrophoresis, and quantitative assessment of 
immunoglobulins. If diarrhea is present, stool 
should be tested for clostridium difficile toxin, 
bacteria, viruses (CMV, rota-, adeno-, Norfolk-
virus), and if indicated, for protozoa. Neutropenic 
patients may fail to show fever as a symptom of 
sepsis; suddenly emerging fatigue and weakness 
can be the only obvious symptoms of severe 
infections in these patients. In these cases, 



32115 Supportive Therapy in Multiple Myeloma 

immediate treatment with adequate doses of 
broad-spectrum antibiotics is essential.

15.5.2  
 Prophylaxis of Infections

Risk of infections in myeloma patients can be 
reduced by the administration of immunoglobu-
lin preparations. A randomized placebo-controlled 
study in plateau-phase patients using monthly 
immunoglobulin infusions (0.4 g/kg) for a 
period of 1 year showed significant reductions 
in frequency and severity of infections, with 
patients who responded poorly to pneumococ-
cal immunization benefiting most from immu-
noglobulin infusions (Chapel et al. 1994). 
Another randomized trial in patients with lym-
phoproliferative syndromes or myeloma showed 
significant effects of nebulizations with IgA 
(every 12 h for 3 months) in preventing respira-
tory infections or at least delaying their onset 
(Bezares et al. 1997). Therefore, regular immu-
noglobulin substitution may be considered in 
myeloma patients who suffer from recurrent 
infections, but not in those without any history 
of infectious complications.

Effective infection prophylaxis in patients 
undergoing induction chemotherapy can be 

achieved by the administration of trimethoprim/
sulfamethoxazole (co-trimoxazole, 160 mg/800 
mg, twice daily, orally). In a randomized trial, 
the use of this regimen during the first 2 months 
of conventional induction chemotherapy 
resulted in significantly decreased frequencies 
and severities of bacterial infections (Oken 
et al. 1996). However, solid scientific data on 
prophylactic antimicrobial therapy in myeloma 
are scarce. Experience in several centers sug-
gests that antibiotic prophylaxis should be based 
on the individual patient’s risk profile. Important 
parameters are the patient’s previous history of 
infections and, particularly, the type and dose of 
myeloma therapy. Patients on VAD, high-dose 
dexamethasone, or on a bortezomib-based regi-
men are at high risk of reactivation or new 
acquisition of herpetic infections. Those patients 
should receive antiviral prophylaxis with oral 
acyclovir, 800 mg, four times daily, or with one 
of the newer antiviral drugs, such as famciclovir 
or valacyclovir. Dose adaptation according to 
renal function is required.

Patients on high-dose dexamethasone are 
also at increased risk of acquiring fungal infec-
tions, in particular, candidiasis of the oral and 
upper gastrointestinal tract, warranting antifun-
gal prophylaxis. For oro-esophageal candidia-
sis, oral amphotericin suspension, swallowed 

Class Organism Predominant Source

Gram-negative bacteria Escherichia coli, Klebsiella pneumonia, 
Pseudomonas aeruginosa

Gastrointestinal tract

Gram-positive bacteria Staphylococcus aureus Oropharynx, skin, catheter 
locations

Staphylococcus pneumonia, Haemophilus 
influenza

Respiratory tract

Fungi Candida spp. Skin mucosal surfaces
Aspergillus spp. Respiratory tract

Viruses Adenovirus Respiratory tract
Herpes simplex varicella zoster 
cytomegalovirus

Latent infections

Table 15.4 Microorganisms frequently involved in myeloma-associated infections
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15 four times daily, or oral fluconazole, 50 mg 
daily, may be considered both for treatment and 
for antifungal prophylaxis.

15.5.3  
 Vaccination

Vaccinations against influenza, pneumococci, 
hemophilus, and meningococci may be consid-
ered, but the induction of protective antibodies 
is significantly lower than in healthy individu-
als. In one study, vaccination against influenza 
induced suboptimal titers in 81% and protective 
titers in 19% of patients only. Likewise, only 
61% of patients produced protective antibodies 
against pneumococci while the response rate 
with a hemophilus vaccine (75%) was similar to 
results in the healthy population (Robertson 
et al. 2000). Studies documenting a possible 
clinical value of these vaccinations in myeloma 
are not available as yet.

15.5.4  
 Treatment of Infections

Empiric antibiotic treatment with a broad spec-
trum antibiotic must be started immediately 
(after blood cultures have been taken) without 
delay in patients with neutropenic fever. Some 
neutropenic patients may fail to show fever  
as a symptom of sepsis; suddenly emerging 
fatigue and weakness can be the only obvious 
symptoms of severe infections. Patients with 
low risk may be started on oral treatment either 
with a chinolone or macrolide antibiotic or with 
a second-generation cephalosporin, trimethop-
rim-sulfamethoxazole, or amoxicillin-clavulanic 
acid. Effectiveness of treatment must be moni-
tored and in case of insufficient results changed 
to parenteral therapy. It should be kept in mind 
that these drugs usually do not provide coverage 
for coagulase-negative staphylococci, methicil-
lin-resistant staphylococcus aureus, enterococci, 

some strains of penicillin-resistant streptococ-
cus pneumonia, and viridans streptococci. In 
these cases, vancomycin is the treatment of 
choice, but its inherent nephrotoxicity may pre-
clude its use. Linezolid or daptomycin may be 
used instead. In intermediate and high-risk 
patients, monotherapy with a fourth-generation 
cephalosporin such as ceftazidim, or alterna-
tively, meropenem or imipenem, or duo treat-
ment with an antipseudomonas beta-lactam and 
an aminoglycoside antibiotic is recommended.

Patients treated with high-dose dexametha-
sone, bortezomib, autologous or allogeneic 
transplantation are prone to viral infections. 
Herpetic infections should be treated with acy-
clovir, while ganciclovir, foscarnet, or cidofovir 
are the treatments of choice for cytomegalovi-
rus infections; ribavirin is indicated for severe 
pulmonary infections by respiratory syncytial 
virus (RSV) and oseltamivir for infections 
caused by influenza viruses. Dosing of these 
antiviral drugs should be adjusted in patients 
with renal impairment.

Invasive aspergillosis and infections with 
other filamentous fungi, which may occur in 
neutropenic patients, particularly after alloge-
neic transplantation, have a high mortality rate 
(Lass-Florl et al. 1998; Pagano et al. 2001). 
Patients who develop cerebral abscesses and/or 
aspergillosis lesions in the vicinity of the pul-
monary artery require emergency surgery, in 
addition to antifungal drugs (Bernard et al. 
1997). For the treatment of invasive fungal 
infections, amphotericin B is still an established 
standard drug, and the degree of resistance of 
the invading aspergillus species to in vitro culti-
vation with amphotericin B is a reliable predic-
tor of the clinical outcome of this antifungal 
treatment (Bernard et al. 1997). Caspofungin 
acetate, voriconazole, and posaconazole are 
relatively new antifungal agents, with even 
higher activity against aspergillosis and better 
tolerance than amphotericin.

Granulocyte colony-stimulating factor is 
routinely used to enhance the neutrophil 
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recovery after autologous or allogeneic trans-
plantation. A randomized trial in severely gran-
ulocytopenic myeloma patients after intensive 
chemotherapy showed that the addition of 
G-CSF (5 mg/kg/day) to broad-spectrum antibi-
otics improved the outcome of antibiotic treat-
ment. In addition, it decreased the mortality 
rate, shortened the length of hospital stay, 
curbed superinfections, and prevented fungal 
infections (Aviles et al. 1996). However, in 
other cancer patients who were febrile and neu-
tropenic, two placebo-controlled randomized 
trials failed to fully confirm these results (Maher 
et al. 1994; Anaissie et al. 1996). Patients who 
received antibiotic treatment in combination 
with G-CSF recovered earlier from neutropenia, 
but did not differ from controls with regard to days 
with fever and days in hospital (Maher et al. 
1994). The addition of granulocyte–macrophage 
colony-stimulating factor (GM-CSF) to antibi-
otics significantly increased response rates, but 
failed to improve survival (Anaissie et al. 1996). 
Even though the growth factors G-CSF and 
GM-CSF have been reported to stimulate pro-
liferation of myeloma cells in vitro (Klein et al. 
1992), this effect has not been observed in vivo 
(Barlogie et al. 1990), and the use of G-CSF for 
prophylaxis and treatment of infections in neu-
tropenic myeloma patients is considered safe.

15.6  
 Pain

15.6.1  
 Characteristics and Causes of Pain

Many myeloma patients suffer from moderate-
to-severe pain in the skeleton, particularly in the 
lumbar spine. This type of pain is frequently the 
predominant symptom of myeloma at diagno-
sis, and also a common indicator of relapse or 
progressive disease. Microfractures and patho-
logical fractures of vertebral bodies, ribs, pel-

vis, or long bones cause severe pain, which is 
characterized by its sudden onset. In addition, 
pain results from irritation of sensory nerves in 
the bone marrow by inflammatory cytokines 
and prostaglandins.

Other important causes of pain in myeloma 
are nerve root and spinal cord compression 
caused by extra-osseous extension of myeloma 
deposits or by compression fractures. These 
neurological impairments require rapid diagno-
sis and treatment in order to prevent possible 
mono- or paraplegia. Post-herpetic neuralgia, 
active herpetic virus infections, or mucosal 
ulcerations, possible complications of immuno-
suppression, and/or cytotoxic treatment, also 
cause considerable pain. A synopsis of the main 
causes of pain in myeloma patients is shown in 
Table 15.5.

Even though myeloma-associated pain usu-
ally subsides during effective chemotherapy 
and/or local irradiation, specific treatment for 
pain relief is required in most patients. It is 
noteworthy that the degree of pain, a subjective 
experience, is often differently estimated by 
patients, doctors, and nurses (Grossman 
et al. 1991), resulting in inadequate analgesia 
(Grossman 1993). Hence, the intensity of pain 
should be assessed by the patient with the use of 
pain scales to allow appropriate monitoring 
whether pain treatment is sufficient.

Bone pain

 Pathologic fractures
 Microfractures
 Osteolytic and/or osteoplastic bone lesions
 Irritation of sensory nerves in the bone marrow
Neurological impairments

 Nerve root and spinal cord compression 
 Therapy incluced neuroleptics
Lesions in skin and mucosal tissue

 Post-herpetic neuralgia
 Herpetic virus infections
 Mucosal ulcerations

Table 15.5 Main causes of pain in multiple myeloma
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15 15.6.2  
 Medical Pain Treatment

In almost all myeloma patients, effective anal-
gesia can be achieved by regular administration 
of oral medication. A three-step treatment plan, 
the so-called WHO pain treatment ladder (World 
Health Organization 1990) (Table 15.6) has 
been widely accepted for the treatment of 
tumor-related pain. Applying treatment with 
drugs of the first step, non-opioid drugs, may 
suffice even in patients suffering from severe 
pain. In case of persisting or increasing pain, 
treatment should readily be escalated to the 
second step, which covers weak opioid drugs. 
Strong opioids, drugs of the third step, are nec-
essary if pain is still persisting or increasing. To 
all treatment steps, adjuvant analgesic drugs 
should be added as required.

Non-steroid anti-inflammatory drugs (NSAID) 
have analgesic as well as anti-inflammatory 
effects and may, in addition, retard prostaglandin-
induced bone resorption. NSAIDs are useful in 
myeloma but should be used with caution in 
patients with renal impairment. However, com-
mon NSAIDs have partly been replaced or sup-
plemented by some of the more recently 
developed cyclo-oxygenase-2 (COX-2) inhibi-
tors, which have less gastrointestinal and possibly 
less renal toxicity (Michalowski 2002). Because 
the analgesic effects of the first-step drugs are 
limited and dose escalations beyond a certain 
level do not result in enhanced analgesia, insuffi-
cient pain control at the first step of the WHO 
pain treatment ladder requires the addition or sole 
application of weak opioids as soon as possible.

Typical opioids recommended by the WHO 
for the second step of pain treatment are codeine, 
dihydrocodeine, tramadol, and tilidine. These 
weak opioids exert their analgesic effect by 
binding to m and to d and k receptors on brain 
cells. Both, affinity to these receptors and trig-
gering of the intrinsic receptor activity, are 
important characteristics of opioids, but only the 
latter is responsible for the analgesic effect. 
Substances with a high potential for triggering 
intrinsic activity (morphine and pethidine) are 
agonists, whereas substances with high receptor 
affinity but lack of intrinsic activity (naloxone 
and naltrexone) are antagonists. Agonists/antag-
onists (buprenorphine and pentazocine) have 
both relatively high intrinsic activity and recep-
tor affinity, thus potentially competing with ago-
nists for the receptor binding site. Typical 
opioids for the third step of pain treatment are 
morphine, levomethadone, and buprenorphine, 
as well as transdermal fentanyl, which offers the 
advantages of long-term activity and better tol-
erance, particularly less gastrointestinal toxicity, 
but is more expensive. Buprenorphine is more 
potent than morphine, but when administered 
orally, it is subject to the first-pass effect of the 
liver. Its bioavailability is therefore low, unless 
it is administered transdermally, sublingually, or 
intravenously. Buprenorphine ampules, how-
ever, are available in few countries only because 
of the high addictive potency of the intravenous 
formulation of this drug. Transdermal opioids 
may be particularly helpful in patients who have 
difficulties swallowing medication.

A strict classification of opioids into second- 
and third-step drugs is not always possible. 

Level 1 Level 2 Level 3

NSAIDs Weak opioids Strong opioids
Aspirin, ibuprofen, naproxen, 
COX-2 inhibitors

Codeine, dihydrocodeine, 
tramadol,tilidilate

Morphine, levomethadone, 
buprenorphine, fentanyl

Adjuvant medication (corticosteroid, antiemetics, neuroleptics, antidepressants, stool softener 
benzodiazepines) should be given as required

Table 15.6 WHO pain ladder
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Dosage plays an important role, and opioids 
vary widely in the duration of their analgesic 
effect and partly also in their adverse effects. In 
up to 70% of patients, a change from one to 
another opioid (opioid rotation) is needed to 
overcome diminishing analgesic activity and/or 
side effects. Table 15.7 lists recommended doses 
and treatment intervals for various opioids.

The adverse effects of opioids can frequently 
be well controlled by supportive measures 
(Cherny and Portenoy 1994), but in some 
patients, some difficulties may remain. At the 
start of treatment, nausea and emesis may pre-
vail, requiring antiemetics; and dryness of 
mouth is a common complaint. Impairment of 
vigilance and temporary confusion may require 
transient dose reduction. Initial nausea and 
sedation often subsides or lessens during the 
course of treatment. Impairment of visceral 
motor function may manifest as inadequate 
colonic motility or bladder distension. As pro-
phylaxis against constipation, a fiber-rich diet 
and adequate hydration should be recom-
mended; treatment with laxatives may be neces-
sary. In addition, patients should be aware of the 
fact that urinary retention, caused by opioid-
induced increased detrusor muscle tension, is a 
possible complication of pain treatment with 
opioids. Res piratory depression, another possi-
ble adverse effect of opioids, however, occurs 
only rarely during pain treatment.

Sufficient dosing and adequate scheduling 
of pain treatment are essential in order to 
ascertain sufficient and continuous pain control. 
Combinations of opioids and NSAIDs may 
increase the efficacy of pain control and curb tox-
icities. Additional benefits may be achieved by 
adding glucocorticosteroids, antidepressants, or 
neuroleptics to pain treatment according to the 
WHO pain treatment ladder. In some patients, 
however, pain cannot be sufficiently controlled by 
these conventional forms of pain therapy. In those 
cases, sufficient pain control is often achieved by 
continuous intravenous infusion of morphines 
with portable pump systems or intrathecal appli-
cation of morphines with or without potentiating 
drugs, such as calcium antagonists or ketamine.

15.7  
 Renal Failure

15.7.1  
 Prevalence and Causes of Renal Failure

Renal failure is a common feature of multiple 
myeloma, may provide a clue to diagnosis, 
cause major management problems, and may 
result in significant morbidity. Depending on 
the definition of renal failure, this complication 
occurs in 20–40% of newly diagnosed patients 

Dose Treatment interval (h)

Oral application
 Codeine 180–200 mg 3–4
 Hydrocodone 30 mg 3–4
 Morphine 10–30 mg 3–4
 Buprenorphine 0.2 mg 6–8
 Morphine, controlled release 90–120 mg 6–12
 Levomethadone 2.5–5 mg 6–12
Transdermal application
 Fentanyl patch 25–100 mg/h 72
 Buprenorphine patch 35–70 mg/h 72

Table 15.7 Recommended doses and treatment intervals of opioid analgesics
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15 with MM (Alexanian et al. 1990; Bladé et al. 
1998; Kyle et al. 2003; Eleutherakis-Papaia-
kovou et al. 2007). Patients who present with 
acute severe renal failure have increased early 
mortality, reaching up to 30% within the first 2 
months in some series (Bladé et al. 1998; 
Augustson et al. 2005). Renal impairment in 
patients with MM results from the toxic effects 
of monoclonal light chains, which can affect 
various segments of the nephron, glomeruli, 
tubules, interstitium, and blood vessels leading 
to different pathologic and clinical findings. 
Myeloma cast nephropathy (so-called myeloma 
kidney) is by far the most frequent form of renal 
damage. Other clinicopathological conditions 
include amyloidosis, light-chain deposition dis-
ease (LCDD) or, rarely, crystal-storing histiocy-
tosis causing adult Fanconi syndrome. These 
entities may sometimes coexist in the same 
patient. Other contributing factors include dehy-
dration, nephrotoxic drugs (antibiotics, 
NSAIDs), hypercalcemia, and perhaps use of 
contrast agents. Usually, these factors aggravate 
the toxic effects of light chains and are rarely 
the primary reason of renal failure (Dimopoulos 
et al. 2008). Although light-chain-induced 
nephropathy is highly likely in a patient with 
established diagnosis of multiple myeloma and 
significant urine light chain excretion, a renal 
biopsy is recommended to establish the specific 
type of light-chain-induced renal damage and to 
rule out or to establish additional pathologies.

15.7.2  
 Management of Myeloma-Induced Renal Failure

Supportive care measures in combination with 
anti-myeloma therapy should be initiated 
promptly. These include adequate hydration, 
avoidance of nephrotoxic drugs, and if required, 
treatment of hypercalcemia and/or hyperurice-
mia and of infections. The most important mea-
sure encompasses active myeloma therapy in 
order to eliminate or reduce the nephrotoxic 
paraproteins. Recovery of renal function has 

been reported in a significant proportion of 
patients treated with conventional chemother-
apy, especially when high-dose dexamethasone 
is also used. Novel agents, such as thalidomide, 
bortezomib, and lenalidomide have significant 
activity in pretreated and untreated MM patients 
and should be used with high dose dexametha-
sone (Dimopoulos et al. 2008). Presently, it is 
impossible to favor a specific regimen but the 
ideal treatment should result in fast and com-
plete response in order to prevent further dam-
age to the kidney. As metabolism of thalidomide 
and of bortezomib is independent of renal func-
tion, both drugs can be administered without 
dose adaptations, while lenalidomide dosing has 
to be adapted to the glomerular filtration rate.

Mechanical methods such as removal of 
nephrotoxic light chains with plasma exchange 
can be combined with anti-myeloma therapy  
2005; Pozzi et al. 1987; Zucchelli et al. 1988) 
but the largest randomized trial showed no 
improvement in renal function and myeloma 
outcome with plasma exchange (Clark et al. 
2005). Removal of free light chains with  dialysis 
is another alternative approach. A new hemodi-
alysis membrane which recently has been devel-
oped to remove the circulating light chains more 
efficiently has been shown to lead to large 
reductions in the concentration of serum free 
light chains (Hutchison et al. 2007), but results 
from a randomized study comparing anti-
myeloma therapy with and without the use of 
this dialysis membrane (Gambro 1100) approach 
are still pending.
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Appendix: Staging and Prognosis 
Systems

T. Moehler 
Department of Medicine V, 
University Hospital Heidelberg,  
Heidelberg, Germany 
Present address:  
i3 research, Wiesbaden, Germany
e-mail: thomas.moehler@med.uni-heidelberg.de

M-protein in serum <30 g/l
Bone marrow clonal plasma cells <10% and low level of plasma cell infiltration in a trephine biopsy  
(if done)
No evidence of other B-cell proliferative disorders
*No related organ or tissue impairment (no end organ damage, including bone lesions)

Table A.1a Monoclonal gammopathy of undetermined significance (MGUS) or monoclonal gammopathy, 
unattributed/unassociated (MG[u])

* Calcium levels increased: serum calcium > 0.25 mmol/l above the upper limit of normal  
or >2.75 mmol/l

*Renal insufficiency: creatinine >173 mmol/l
*Anaemia: haemoglobin 2 g/dl below the lower limit of normal or haemoglobin <10 g/dl
*Bone lesions: lytic lesions or osteoporosis with compression fractures (MRI or CT may clarify)
Other: symptomatic hyperviscosity, amyloidosis, recurrent bacterial infections (>2 episodes  
in 12 months)

Table A.1b Myeloma-related organ or tissue impairment (end organ damage) (ROTI) due to the plasma cell 
proliferative process

*CRAB (calcium, renal insufficiency, anaemia or bone lesions)

M-protein in serum ³ 30 g/l
    and/or
Bone marrow clonal plasma cells ³10%
No related organ or tissue impairment (no end organ damage, including bone lesions) or symptoms

Table A.1c Asymptomatic myeloma (smouldering myeloma)
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M-protein in serum and/or urine
Bone marrow (clonal) plasma cells* or plasmacytoma
Related organ or tissue impairment (end organ damage, including bone lesions)

Table A.1d Symptomatic multiple myeloma

Source: International Myeloma Working Group (2003) Criteria for the classification of monoclonal gam-
mopathies, multiple myeloma and related disorders: a report of the International Myeloma Working Group. 
Br J Haematol 121:749–757
*If flow cytometry is performed, most plasma cells (>90%) will show a ‘neoplastic’ phenotype
Some patients may have no symptoms but have related organ or tissue impairment

Stage Criteria Measured myeloma cell mass 
(cells ×1012/m2)*

I All of the following:
1. Hemoglobin value > 10 g/100 ml
2. Serum calcium value normal
3.  On roentgenogram, normal bone structure  

(scale 0) or solitary bone plasmacytoma only
4. Low M-component production rates
 a. IgG value < 5 g/100 ml
 b. IgA value < 3 g/100 ml
 c.  Urine light chain M-component  

on electrophoresis < 4 g/24 hours

<0.6 (Low)

II Fitting neither Stage I nor Stage III 0.6–1.20 (Intermediate)
III One or more of the following:

1. Hemoglobin value < 8.5 g/100 ml
2. Serum calcium increased
3. Advanced lytic bone lesions (scale 3)
4. High M-component production rates
 a. IgG value > 7 g/100 ml
 b. IgA value > 5 g/100 ml
 c.  Urine light chain M-component  

on electrophoresis > 12 g/24 hours

>1.20 (High)

Subclassification
A = Relatively normal renal function (serum creatinine value < 2.0 mg/100 ml)**
B = Abnormal renal function (serum creatinine value ³ 2.0 mg/100 ml)
Examples
Stage IA = low cell mass with normal renal function
Stage lIlB = high cell mass with abnormal renal function

Table A.2 Historical myeloma staging system

Source: Durie BG, Salmon SE (1975) A clinical staging system for multiple myeloma. Correlation of 
measured myeloma cell mass with presenting clinical features, response to treatment, and survival.  
Cancer 36:842–854
*1012 cells = approximately 1 kg or 2.2 Ibs; m2 = square meter of body surface area
**If the serum creatinine value is not available, the blood urea nitrogen (BUN) value may be used as an 
indicator of renal function. (A BUN value of 30 mg/100 ml is roughly equal to a serum creatinine value 
of 2 mg/100 ml
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Stage Criteria Median Survival (months)

I Serum b2-microglobulin < 3.5 mg/L
Serum albumin ³ 3.5 g/dL

62

II Not stage I or III* 44
III Serum b2-microglobulin ³ 5.5 mg/L 29

Table A.3 International staging system

Source: Greipp PR, San Miguel J, Durie BG, Crowley JJ, Barlogie B,  Blade J, Boccadoro M, 
Child JA, Avet-Loiseau H, Kyle RA, Lahuerta JJ, Ludwig H, Morgan G, Powles R, Shimizu K, Shustik C,  
Sonneveld P, Tosi P, Turesson I, Westin J (2005) International staging system for multiple myeloma. J Clin 
Oncol 23:3412–3420
*There are two categories for stage II: serum b2-microglobulin < 3.5 mg/L but serum albumin < 3.5 g/dL; 
or serum b2-microglobulin 3.5 to < 5.5 mg/L irrespective of the serum albumin level

Table A.4 International myeloma working group uniform response criteria: CR and other response 
categories

Response subcategory Response criteriaa

sCR CR as defined below plus
Normal FLC ratio and absence of clonal cells in bone marrowb 
by immunohietochemistry or immunofluoreecencec

CR Negative immunofixation on the serum and urine and 
Disappearance of any soft tissue plasmacytomas and ≤5% plasma 
oells in bone marrowb

VGPR Serum and urine M-protein detectable by immunofixation but not 
on electrophoreaeais or 90% or greater reduction in serum 
M-protein plus urine M-protein level < 100 mg per 24 h

PR ≥50% reduction of serum M-protein and reduction in 24-hurinary 
M-protein by ≥90% or to <200 mg per 24h
If the serum and urine M-protein are unmeasurable, a ≥50% 
decrease in the difference between involved and uninvolved Free 
light chain levels is required in place of the M-protein criteria if 
serum and urine M-protein are unmeasurable, and serum free 
light assay is also unmeasurable, ≥50% reduction in plasma cells 
is required in place of M-protein, provided baseline bone marrow 
plasma cell percentage was ≥30%
In addition to the above listed criteria, if present at baseline, a 
≥50% reduction in the size of soft tissue plasmacytomas is also 
required

(continued)
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Table A.4 (continued)

Response subcategory Response criteria a

SD (not recommended for use as an 
indicator of response; stability of 
disease is best described by 
providing the time to progession 
estimates)

Not meeting criteria for CR, VGPR, PR or progressive disease

Abbreviations: CR, complete response: FLC, free light chain; PR, pertial response; SD, stable disease; 
sCR, stringert complete response; VGPR, very good partial response
a All response categories require two consecutive assessments made at anytime before the institution of 
any new therapy; all categories also require no known evidence of progressive or new bone leaions if 
radiographic studies were performed. Radiographic studies are not required to satisfy these response 
requirements

bConfirmation with repeat bone manow biopsy not needed
c Presence/absence of clonal cells is base up on the k/λ ratio. An abnormal k/λ ratio by immunohistochem-
istry and/or immunofluorescence requires a minimum of 100 plasma cells for analysis. An abnomal ratio 
reflecting presence of an abnormal clone is k/λ of >4:1 or <1:2

Relapse subcategory Relapse criteria

Progressive diseasea

To be used for 
calculation of time to 
progression and 
progression-free 
survival end points for 
all patients including 
those in CR (includes 
primary progressive 
disease and disease 
progression on or off 
therapy)

Progressive Disease: requires any one or more of the following:
Increase of ³ 25% from baseline in
•	Serum	M-component	and/or	(the	absolute	increase	must	be	³	0.5	g/dl)b
•	Urine	M-component	and/or	(the	absolute	increase	must	be	³	200	mg/24	h
•	Only	in	patients	without	measurable	serum	and	urine	M-protein	levels:	

the	difference	between	involved	and	uninvolved	FLC	levels.	The	absolute	
increase	must	be	>	10	mg/dl.

•	Bone	marrow	plasma	cell	percentage:	the	absolute	%	must	be	³	10%c
•	Definite	development	of	new	bone	lesions	or	soft	tissue	plasmacytomas	

or	definite	increase	in	the	size	of	existing	bone	lesions	or	soft	tissue	
plasmacytomas

•	Development	of	hypercalcemia	(corrected	serum	calcium	>	11.5	mg/dl	or	
2.65	mmol/l)	that	can	be	attributed	solely	to	the	plasma	cell	proliferative	
disorder

Table A.5 International myeloma working group uniform response criteria: disease progression and  
relapse

(continued)
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Source: Durie BG, Harousseau JL, Miguel JS, Blade J, Barlogie B, Anderson K, Gertz M, Dimopoulos M, 
Westin J, Sonneveld P, Ludwig H, Gahrton G, Beksac M, Crowley J,  Belch A,  Boccadaro M, 
Turesson I, Joshua D, Vesole D, Kyle R, Alexanian R, Tricot G, Attal M, Merlini G, Powles R, Richardson P,  
Shimizu K, Tosi P, Morgan G, Rajkumar SV (2006) International uniform response criteria for multiple 
myeloma. Leukemia 20:1467–1473
Abbreviations: CR, complete response; DFS, disease-free survival
a All relapse categories require two consecutive assessments made at anytime before classification as 
relapse or disease progression and/or the institution of any new therapy

b For progressive disease, serum M-component increases of ³ 1 gm/dl are sufficient to define relapse if 
starting M-component is ³ 5 g/dl

cRelapse from CR has the 5% cutoff versus 10% for other categories of relapse
d For purposes of calculating time to progression and progression-free survival, CR patients should also  
be evaluated using criteria listed above for progressive disease

Table A.5 (continued)

Relapse subcategory Relapse criteria

Clinical relapsea Clinical	relapse	requires	one	or	more	of:
Direct	indicators	of	increasing	disease	and/or	end	organ	dysfunction	
(CRAB	features)b	It	is	not	used	in	calculation	of	time	to	progression	or	
progression-free	survival	but	is	listed	here	as	as	something	that	can	be	
reported	optionally	or	for	use	in	clinical	practice
1. Development of new soft tissue plasmacytomas or bone lesions
2. Definite increase in the size of existing plasmacytomas or bone lesions.  

A definite increase is defined as a 50% (and at least 1 cm) increase as 
measured serially by the sum of the products of the cross-diameters of the 
measurable lesion

3. Hypercalcemia (> 11.5 mg/dl) [2.65 mmol/l]
4. Decrease in hemoglobin of ³ 2 g/dl [1.25 mmol/l] (see Table 3  

for further details)
5. Rise in serum creatinine by 2 mg/dl or more [177 mmol/l or more]

Relapse from CRa (To 
be used only if the end 
point studied is DFS)d

Any one or more of the following:
•	Reappearance	of	serum	or	urine	M-protein	by	immunofixation	 

or	electrophoresis
•	Development	of	³	5%	plasma	cells	in	the	bone	marrowc
•	Appearance	of	any	other	sign	of	progression	(i.e.,	new	plasmacytoma,	 

lytic	bone	lesion,	or	hypercalcemia	see	below)
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