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Preface to second edition

Since the first edition we have seen a number of impor-
tant changes in the diagnosis, staging and therapy for
many lymphoma subtypes. We are beginning to
observe how molecular and cytogenetic characteristics
can profoundly influence prognosis and that such tools
should now be as much a part of our diagnostic arma-
mentarium as histology and immunophenotyping.

In the near future we expect that “next generation”
sequencing will also have a considerable impact not
only on our understanding of the pathogenesis of
lymphoma, but also on our selection of therapy. We
can also envisage how such techniques will themselves
also lead to less toxic and more targeted therapies.

We have seen the steady increase in the incorpo-
ration of PET and PET CT into staging, risk-adapted
therapy, and reassessment such that the presence of a
PET/CT scanner and radiologic expertise should now
be an essential in every major Lymphoma centre. The
promise and precautions for this important tool are
summarized within this edition.

In terms of therapy, the steady progress in both the
use of monoclonal antibodies and new treatment regi-
mens is reflected in the updated chapters. Lymphoma
specialists are also beginning to see the incorporation
of agents that block intra-cellular signaling pathways
into clinical practice, notably ibrutinib in CLL/SLL

and mantle cell lymphoma, and idelalisib in indolent
B-cell lymphoproliferative disorders. These specifi-
cally targeted therapies give us hope that, in the very
near future, the management of lymphoma will be
both more effective and less toxic.

In this new edition we have also endeavored to
rectify some of the omissions in the previous edition;
in particular, we have now additional chapters on
Lymphoplasmacytoid Lymphoma and Atypical
Lymphoproliferative disorders that make the book
more comprehensive.

Once again we have incorporated biology,
pathogenesis, histopathology, and therapy into each
disease based chapter, we hope the “joins” do not
show too much and are most grateful indeed to
Drs. Ott, Rosenwald, and Wotherspoon for allowing
their contributions on molecular biology and
histopathology, respectively, to be separated and
distributed as before.

Our thanks are due too to all the authors and to
colleagues at CUP for their hard work and forbearance
in the preparation of this new edition.

Robert Marcus
John Sweetenham
Michael Williams
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Preface to first edition

Why publish a book on lymphoma in 2007? Surely
there are sufficient reviews, meetings and published
educational symposia to make such a work redundant.
Furthermore, doesn’t instant access to online informa-
tion make any work in print out of date before it
appears?

The editors and authors of this work think not. We
firmly believe that there is still a place for a clear
summary of the diagnosis, staging and therapy of
lymphoma in a single volume that reflect the advances
in these areas which have taken place over the past five
years. The problem with the plethora of information
now available is that it is rarely set in a framework of
understanding of the major challenges which still
face those involved with the diagnosis and therapy of
non-Hodgkin’s and Hodgkin’s lymphomas. We, and
our patients, are confronted with many facts but
little judgment. This work is our modest attempt to
rectify this.

Accordingly the layout of the book should enable
the reader to gain an understanding of patterns of
disease, methods of staging, principles of new
approaches to therapy, and interpretation of clinical
trials and prognostic markers by reading the first part
of the book. In the second part the reader will find
separate succinct yet comprehensive reviews of the
individual disease entities which make up the spectrum
of diseases comprising the lymphomas. Here we have
integrated pathology, molecular biology and therapy
for each subtype into a single chapter; the reader will
not need to flick backwards and forwards to gain
a comprehensive understanding of, say, follicular or
diffuse large B-cell lymphoma. Such an integration
has posed significant editorial challenges, and has
been made possible by a willingness on the part of
Dr Wotherspoon, Dr Rosenwald and co-workers to

accept that their contributions on histopathology and
molecular cytogenetics would be divided and distrib-
uted among the relevant chapters. The editors are most
grateful for their support.

Each chapter in followed by a select bibliography
rather than an exhaustive list of references. We feel
that these date very quickly, take up disproportionate
amounts of space and are better found by internet
searches or perusal of current journals.

This book is intended for senior trainees and
fellows in hematology and oncology, together with
more experienced practitioners who regularly treat
these disorders. It is not intended for those who may
feel they could have written the chapters themselves.
It is also not a book where the reader will find detailed
descriptions of rarities seen once in a professional
lifetime.

The appearance of this volume comes at an oppor-
tune time: we have seen over the past five years a
profound understanding of the pathology of lym-
phoma, the use of increasingly sophisticated imaging
techniques, and the integration of monoclonal anti-
bodies into standard therapy for NHL. Our hope is
that these radical changes in the way we diagnose and
treat lymphoma have been reflected in the book and
will stand the reader in good stead even when newer
data become available.

The editors express their sincere and heartfelt
thanks to all the authors, who have, in the main,
responded promptly to our comments and recommen-
dations, and to all those at Cambridge University
Press who have helped with this project: Richard
Barling, who set the wheels of this vehicle in motion,
and especially Betty Fulford and Deborah Russell, who
kept it moving to its final destination whenever it
threatened to stall.
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Chapter

1
Epidemiology
Eve Roman and Alexandra G. Smith

Introduction
Epidemiology is the basic quantitative science of
public health and, as such, is concerned with the dis-
tribution, determinants, treatment, management, and
potential control of disease. Concentrating on the first
two of these, this chapter reviews the epidemiology of
lymphomas – a heterogeneous group of malignancies
that is estimated to account for around 3–4% of can-
cers worldwide.

Epidemiological reports on lymphomas often
begin, and sometimes end, by stating that little is
known about the causes of the cancers under study.
This is slowly changing, as evidence about the patho-
logical diversity of the various lymphoma subtypes
accumulates. At present, however, the issue of lym-
phoma classification continues to permeate much of
the literature, since, in order to originate and test
hypotheses about pathogenesis, it is vitally important
to describe accurately and understand underlying
descriptive disease patterns. Implicit in this is the
need to use appropriate disease classifications; it is
this requirement that has beleaguered epidemiological
research into the lymphoid malignancies.

In short, the classification of hematological malig-
nancies has changed markedly over recent decades,
and will continue to do so as biological understand-
ing increases and new diagnostic methods and
techniques are developed. One problem for epide-
miological research concerns the use of historical
classifications emanating from the latter half of the
nineteenth century – long before there were any
effective treatments or real understanding of the rela-
tionships between lymphoid malignancies, the nor-
mal bone marrow and immune system, and before
anything was known about the cellular and genetic
basis of malignant transformation. The application

of modern disease classifications is, however, now
beginning to discriminate between subtypes, reveal-
ing many features that future etiological hypotheses
will undoubtedly seek to address. Accordingly, the
next few decades promise to be an exciting time for
epidemiological research into lymphoid, as well as
other hematological, malignancies.

Descriptive epidemiology
In 2001 the World Health Organization (WHO) pro-
duced, for the first time, a consensus classification that
defined malignancies of the hematopoietic and lym-
phoid systems in terms of their immunophenotype,
genetic abnormalities, and clinical features. Up until
then, the use of competing classifications had tended
to make meaningful comparison of results both
between and within populations virtually impossible.
For a variety of reasons, although WHO’s 2001 classi-
fication and its successor was adopted into clinical
practice almost uniformly around the world, it did not
have an immediate effect on population-based epide-
miological research. This is because, unlike many other
cancers, hematological neoplasms are diagnosed using
multiple parameters, including a combination of histol-
ogy, cytology, immunophenotyping, cytogenetics,
imaging, and clinical data. This range and depth of
data is difficult for cancer registries and other research-
ers to access routinely, forming a barrier both to com-
plete ascertainment and to the collection of diagnostic
data at the level of detail required to implement the
latest classification systematically. Furthermore, in
practice, even within some of the best defined WHO
categories, there is a need to qualify the final diagnosis
even further using additional clinical and biological
prognostic factors before valid outcome comparisons
can be made between clinical centers.

Lymphoma, Second Edition, ed. Robert Marcus, John W. Sweetenham, and Michael E. Williams. Published by
Cambridge University Press. © Cambridge University Press 2014.
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Gathering accurate information about disease bur-
dens and patterns is central to any successful cancer
information strategy. However, whilst cancer registra-
tion has a long history in many countries, particularly
those in the more affluent regions of the world, nearly
80% of the world’s population is not covered by such
systems (www.globocan.iarc.fr/). Furthermore, in
some of these, even enumerating the population at
risk (denominator) through census counts and vital
registration is challenging. Even so, with a view to
characterizing the global burden of disease, the
WHO’s International Agency for Research on Cancer
(IARC) routinely uses the available data to estimate
worldwide cancer incidence and mortality levels.

Misdiagnosis and underenumeration are recog-
nized as particularly problematic for hematological can-
cers. The acute and rapidly fatal presentation of some
patients leads to underenumeration in those countries
with less well-developed health service infrastructures
and the intermittent and non-specific nature of symp-
toms associated with others poses problems even in
countries with well-developed health service systems
and cancer registration processes. In addition,
population-based data continue to be reported in the
broad anatomical-based categories of non-Hodgkin
lymphoma (NHL), Hodgkin lymphoma (HL), mye-
loma, and leukemia since, for reasons outlined above,
the laboratory data required to classify hematological
cancers appropriately are hard for cancer registries to
access in a timely and systematic fashion.

Geographic variation
Of the 12.68 million new cancers estimated to have
occurred around the world in 2008, 6.64 were in men
and 6.04 in women. Combined, hematological malig-
nancies (lymphomas, leukemias, and myelomas) com-
prised 7.5% of the estimated cancers in males and 6.4%
in females, with lymphomas accounting for around
half of all newly diagnosed hematological neoplasms
in both men and women.

Figure 1.1 shows the estimated global regional rates
and numbers of cases of NHL and HL separately for
men and women (www.globocan.iarc.fr/). In general,
estimated lymphoma rates are higher in more econom-
ically developed regions of the world – North America,
Europe, and Australasia – and lower in less affluent
regions. This relationship with affluence is seen for
both NHL and HL, with one or two interesting pockets
such as the consistently low overall rates reported
for Japan (www.globocan.iarc.fr/). Nevertheless, less

than half of all NHL and HL diagnoses occurred in
the three regions with the highest rates – Northern
America, Europe, and Oceania (Figure 1.1) – largely
reflecting the underlying world population distribution.
The most striking disparity is seen for Asia, which has
the lowest rates but more than a third of all of the
estimated worldwide cases. To some extent these
broad regional differences may well reflect, at least in
part, underlying lymphoma subtype variations – with a
relatively high proportion of mature T-/natural killer
cell neoplasms being reported for several Asian popula-
tions. These issues are discussed in more depth in the
later section on etiology.

Age and sex
That lymphoid malignancies are, overall, generally
more common in men than in women in all areas of
the world is evident from Figure 1.1, where for both
NHL and HL the age-standardized rates and numbers
are consistently higher for males than for females.
Interestingly, these gender differences appear to be
slightly more pronounced in less developed regions of
the world (http://globocan.iarc.fr/) – the sex rate ratios
(M:F) for HL, for example, range from 1.8 and 1.6,
respectively, in Africa and Asia through to 1.2 and 1.1,
respectively, in North America and Europe.Whether or
not these gradations reflect genuine underlying inci-
dence differences, either generally or within particular
subtypes, or are in fact caused by enumeration biases
cannot be investigated further from the available cancer
registration data.

The NHL and HL age-specific incidence patterns
seen in more economically developed regions of the
world are all broadly similar to the pattern shown in
Figure 1.2, which presents cancer registration data
from the UK. For NHL, the age-specific male and
female rates increase with increasing age, the diver-
gence between the male and female rates becoming
progressively more marked as age increases, but,
despite this, more women than men are diagnosed
over the age of 80 years. This apparent discrepancy
reflects the fact that the UK, like other economically
developed regions of the world, has an aging popula-
tion structure within which more women than men
survive to reach old age.

The relationship with age and sex is quite different
for NHL and HL. Inmore affluent regions of the world
HL tends to have a bimodal age distribution that is
characterized by early age peak, within which females
are often in excess but have a deeper following trough,

Chapter 1: Epidemiology
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and a late age peak with a pronounced male excess
(Figure 1.2). The earlier age peak is not clearly evident
in less well developed regions of the world. Inspection
of various case-series has revealed that these patterns
are the result of differences in the age and gender
frequencies of the various HL subtypes. Likewise, the
comparatively smooth pattern seen when all NHLs are
combined (Figure 1.2) conceals considerable age and
sex subtype variability.

The diagnostic challenges posed by hematological
malignancies means that subtype data can only be
obtained from specialist registries. Furthermore,
population-based data with clearly defined numera-
tors and denominators (as opposed to hospital-based
case-series) are required for epidemiological research.
One such registry is the UK-based Haematological
Malignancy Research Network (www.HMRN.org),
and descriptive age and sex patterns for the lympho-
mas diagnosed within HMRN are presented in
Figures 1.3 and 1.4. Established in 2004 and covering
a population of 3.6 million with over 2100 diagnoses

each year, HMRN comprises an ongoing population-
based cohort of all newly diagnosed hematological
malignancies (pediatric and adult). Importantly, as a
matter of policy and irrespective of treatment intent,
all diagnoses within HMRN are made and coded to the
latest WHO classification by a single specialist hema-
topathology laboratory.

HMRN patients newly diagnosed with lymphoma
in the 5 years from September 2004 to August 2009 are
proportionately distributed by WHO diagnostic cate-
gory in Figure 1.3, beginning with the B-cell NHLs,
moving clockwise through the T-cell NHLs and ending
with the HLs. Diffuse large B-cell (DLBCL), follicular
(FL), andmarginal zone lymphomas (MZL) dominate –
together accounting for more than 70% of the total. The
high proportion of DLBCL and MZL is a common
feature evident in all reported series, including hospital-
based registers in Asia. By contrast, in certain Asian and
other population groups, diagnoses of the more indo-
lent FL appear to occur far less frequently, whereas
diagnoses of T-cell lymphomas are more common.
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Figure 1.1 Estimated numbers and age-standardized (world population) incidence rates by region for (A) non-Hodgkin lymphoma and
(B) Hodgkin lymphoma. (Source: GLOBOCAN.)
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The corresponding HMRN box-and-whisker age
distributions and sex rate ratios (male rate:female rate),
together with their standard errors, are shown in Figure
1.4. Whilst most B-cell NHLs have a median diagnostic
age over 70 years, a significant minority tend to be
diagnosed at younger ages – follicular, Burkitt, and
mediastinal lymphomas in HMRN having median ages
of 65, 52, and 36 years, respectively. Furthermore, some
subtypes have broad age ranges whilst others are narrow;
with no patients diagnosed before the age of 48 years and
a median of 74 years, the age distribution of mantle cell

lymphoma shows the least variation. By contrast, with a
median diagnostic age approaching 71 years, but with
several sporadic pediatric cases, DLBCL covers the larg-
est age range – the scatter of outliers at younger ages is
indicative, perhaps, of diagnostic heterogeneity within
this subtype category.

Overall, in agreement with other reports, within
HMRN T-cell NHLs tend to be diagnosed at younger
ages than B-cell neoplasms. Nonetheless, within T-cell
forms of the disease there is considerable subtype
heterogeneity – the tight age band for enteropathy
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Figure 1.2 Numbers of new cases and
age-specific incidence rates by sex for (A)
non-Hodgkin lymphoma and (B) Hodgkin
lymphoma, UK in 2007.
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type T-cell contrasting with that seen for anaplastic
large T-cell, for example. Lastly, with a pronounced
pediatric component, HL tends to be diagnosed earlier
still, but, again, there are differences between the sub-
types – the median ages within the classical Hodgkin
lymphoma (CHL) category, for example, ranging from
37 years for nodular sclerosis CHL to 60 years for
mixed cellularity CHL. These subtype differences are
largely responsible for the bimodal HL age and sex
distributions shown in Figure 1.2.

That males are farmore likely to develop lymphoma
than females is conspicuously clear in Figures 1.1, 1.2,
and 1.4 – but it is also evident that the gender disparity
is much greater for some subtypes, whilst being almost
absent for others. Among B-cell NHLs, roughly equal
numbers of males and females were diagnosed with FL
and with extranodal MZL; however, the sex rate ratio
for all other B-cell lymphomas shows a male bias – the
most striking being for Burkitt lymphoma which, in
these and other series, is at least three times as likely to
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   Mediastinal large B-cell

Burkitt
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Figure 1.4 Lymphoma box-and-whisker plot age distributions, and sex rate ratios with standard errors (M:F). (Haematological Malignancy
Research Network, 2004–2009.) (Legend below).
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Mixed cellularity classical Hodgkin
Lymphocyte-rich classical Hodgkin

Figure 1.3 Lymphoma subtype
frequencies. (Haematological Malignancy
Research Network, 2004–2009.)
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be diagnosed in males than in females. T-cell NHLs and
HLs also exhibit a male bias, but again there is consid-
erable subtype heterogeneity, with angioimmunoblastic
T-cell lymphoma running counter to the trend by being
more common in women.

The wide diversity of descriptive patterns shown in
Figure 1.4 is indicative of different subtype etiologies,
which many new and ongoing epidemiological studies
are aiming to address. This, coupled with the geo-
graphic variations for T- and B-cell subtypes reported
for various case-series, underscore the importance of
using appropriate classifications. Indeed, the contin-
ued application of site-based classification systems for
routine cancer registration severely limits the use of
their data in epidemiological studies. Hopefully, in the
future, new insights into lymphoma epidemiology will

emerge as the WHO classification becomes more
widely applied in a population-based context..

Changes over time
Monitoring disease trends over time is a fundamental
activity of descriptive epidemiology, such analyses
often yielding important etiological clues. Indeed,
there are many examples in the field of cancer epi-
demiology where this has been the case, particularly in
relation to the identification of hazardous occupa-
tional and environmental exposures. In this context,
the temporal changes reported for NHL in recent
decades are unquestionably dramatic, as can be seen
from Figure 1.5, which shows the estimated age-
adjusted incidence rates from the Surveillance,
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Figure 1.5 Age-standardized (US
2000 population) incidence rates for
(A) non-Hodgkin lymphoma and (B)
Hodgkin lymphoma. (Source: SEER.)
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Epidemiology and End Results (SEER) Program in the
United States (www.seer.cancer.gov).

The sharp increase seen for NHL in the USA
between the 1970s and the 1990s was reported in
many countries with population-based cancer regis-
tration systems (both statutory and voluntary), and the
magnitude and global scale of the effect naturally
captured both scientific and public attention at the
time (Figure 1.5). In males, the doubling of the NHL
rate over a comparatively short 20-year period is par-
ticularly striking, and contrasts with the modest fall in
HL seen among males over the same time period.
These registrational trends coincided with a period of
significant change in clinical understanding and con-
sequent marked taxonomic alterations.

During the 1980s the working formulation domi-
nated in North America, whilst Kiel gained ground in
Europe. In 1994, the Revised European–American
Lymphoma (REAL) classification was published,
and this was followed by the WHO classifications of
2001 and 2008. Quantification of the likely impact of
these diagnostic changes on the patterns seen in
Figure 1.5 is almost impossible to achieve. Whilst it
is generally recognized that shifting clinical diagnos-
tic practice almost certainly fuelled the trends, there
remains debate about whether such changes could
have been responsible for all, or only part, of the
dramatic increase in NHL registrations. In this con-
text, for example, the potential etiological role of
human immunodeficiency virus (HIV) and organ
transplantation, as well as other viruses and environ-
mental exposures, attracted considerable attention at
the time – and these factors are discussed in more
detail in the section on causes below.

Whatever the cause, the rate of change in NHL
slowed in the USA towards the end of the twentieth
century, and similar plateauing has now been reported
for other developed regions of the world. Taken at face
value, this would seem to support the notion that
changes in disease detection, diagnostic practice, and
cancer registration procedures are all likely to have
contributed to the increase seen over the 1970s and
1990s. Indeed, a recent report examining incidence
and survival trends across Europe concluded that ‘the
evolving classification and poor standardization of
data collected on hematological malignancies vitiate
the comparisons of disease incidence and survival over
time and across regions’ (Sant et al., 2009).

Importantly, with respect to the examination of
future time-trends, the role of changing diagnostic

practice will undoubtedly remain challenging to evalu-
ate since hematological oncology is changing rapidly,
with new approaches to treatment and diagnosis con-
tinually emerging as diverse patient pathways evolve. In
this regard, the use of more reliable and sensitive diag-
nostic techniques continues to lower the threshold of
disease detection – the ability of flow cytometry to detect
small populations of abnormal cells, for example, as well
as the introduction of the polymerase chain reaction
(PCR) allowing the detection of disease at a molecular
level. Hence, proportionately more of the patients diag-
nosed today have indolent or asymptomatic disease, and
it remains possible that the increasing numbers of regis-
trations may be the result, at least in part, of the recog-
nition of new group(s) of patients that would not have
been diagnosed in previous decades.

Etiology
For the reasons discussed above, etiological studies con-
ducted in previous decades have often been hampered
by the need to aggregate their data into the broad group-
ings of NHL or HL, either because primary source
information was recorded in that way or because diag-
nostic standards were inconsistently applied. Hence,
given the underlying variations in pathologies and prog-
nosis, it is perhaps not surprising that epidemiological
reports on lymphomas have often tended to produce
inconsistent and conflicting results. Hopefully, this sit-
uation will improve in the near future as evidence about
the pathological and clinical diversity of lymphoma
subtypes continues to accumulate, not only revealing
descriptive differences such as those outlined in the
previous section, but also other associations.

With respect to the underlying causes of lym-
phoma, it is generally agreed that immune dysregula-
tion plays a pivotal role in lymphogenesis, and most
epidemiological research has concentrated on factors
and exposures that interact with the immune system –
particularly infection, immunosuppression, and auto-
immune disease. These interrelated associations are
discussed in the sections that follow.

Infection
In the context of immunodeficiency (see following sec-
tion), the strong association between human immuno-
deficiency virus/acquired immunodeficiency syndrome
(HIV/AIDS) and several B-cell lymphomas has been
examined in numerous studies – the increased risks
reported range from 10- to 300-fold, the highest
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risks generally been observed for the more aggressive
NHL subtypes and the lowest risks for the HL subtypes.
Unsurprisingly, the potential role of the HIV/AIDS
epidemic was one of the factors evaluated in the
context of the striking rise of NHL observed in the
1970s–90s discussed above. In this context it is impor-
tant to note that NHL rates had begun to rise before the
onset of the HIV/AIDS epidemic in the 1980s
(Figure 1.5), and in the era of modern therapies the
contribution ofHIV/AIDS to the totality of lymphomas
diagnosed in developed countries remains compara-
tively small.

In addition to HIV, a number of other viruses are
either known or thought to impact on lymphoma risk,
albeit by different mechanisms. The most accepted
viral associations are those with human T-cell leuke-
mia virus type 1 (HTLV-1) and the two herpesviruses
Epstein–Barr virus (EBV) and human herpesvirus 8
(HHV-8) – also known as Kaposi’s sarcoma herpesvi-
rus (KSHV). Infection with HTLV-1 is a necessary but
not sufficient cause of adult T-cell leukemia/lym-
phoma (ATLL), with ATLL developing in around 3%
of those infected. ATLL principally occurs in areas
where HTLV-1 is endemic, including Japan, the
Caribbean, and parts of central Africa and, like most
other lymphomas, it is more common in males than
females.

In contrast to the specific nature of the HTLV-1/
ATLL association, the globally ubiquitous EBV fea-
tures in several lymphoma subtypes, including
Burkitt lymphoma and CHL, as well as those lym-
phomas occurring in immunosuppressed individu-
als. EBV is invariably associated with the endemic
form of Burkitt lymphoma that occurs in equatorial
Africa and New Guinea, where, with a median age of
around 7 years and a male to female ratio of 2:1, it is
the commonest pediatric malignancy. However, as
can be seen from Figure 1.4, the median age at onset
of the comparatively rare sporadic form of Burkitt
lymphoma seen in other areas of the world is much
later, and the male predominance is considerably
greater. In contrast to endemic Burkitt’s, EBV is
only associated with around a third of all sporadic
cases, and the role of EBV in these tumors remains a
continuing area of research. Likewise, the signifi-
cance of the well-established association between
EBV and CHL, observed most frequently in children
and the elderly in around a third of all cases in
resource-rich countries (but even more commonly
in less affluent parts of the world), remains an area

of current investigation. HHV-8 has been found in
several comparatively rare tumor subtypes, where it
sometimes occurs with EBV. The nature of these
associations, as well as those with a number of other
viruses, including both hepatitis B and C, are topics
of much ongoing research.

Albeit by very different mechanisms, bacterial
infection resulting in chronic inflammation has
been consistently linked with a marked increase in
the risk of some NHL subtypes – one of the best
known associations being that between Helicobacter
pylori and gastric mucosa-associated lymphoid tissue
(MALT) extranodal MZL; the presence of the bacteria
increase lymphoma risk by about sixfold. As with the
viral associations (e.g. HTLV-1 and ATLL), bacterial
infection often occurs many years before MALT lym-
phoma development, the median age of diagnosis of
all extra-marginal zone lymphomas combined in the
HMRN series being just under 70 years with no
obvious sex bias (Figure 1.4). H. pylori infection,
however, generally occurs in childhood – the preva-
lence being highest in developing countries and fall-
ing as socioeconomic status increases. In the future,
the introduction of effective H. pylori treatments,
coupled with increasing affluence in developed
regions of the world, may well lead to a reduction in
incidence of H. pylori-positive gastric MZLs.

Interestingly, with respect to the timing of infection
and subsequent lymphoma development, detailed anal-
ysis of medical records collected during the course of a
UK case-control study revealed significant increases in
the frequency of non-specific infectious illness episodes
more than 10 years before the diagnosis of CHL, but not
of DLBCL and FL. No associations with specific infec-
tions were, however, found, and whether or not the
excess seen for CHL was a consequence of an under-
lying immune abnormality or whether infection played
a causal role could not be determined.

Immunosuppression
In addition to HIV/AIDS, it has been known for some
time that both inherited and acquired immunodefi-
ciency syndromes predispose towards lymphoprolifer-
ative disorders. A few rare inherited disorders of the
immune system, including Wiskott–Aldrich syn-
drome and ataxia telangiectasia, are well known to be
associated with marked increases in the risk of lym-
phoproliferative disorders. Such conditions are, how-
ever, exceedingly rare in the general population, and
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the proportion of total lymphoma diagnoses for which
they account is correspondingly small.

In addition to these rare inherited conditions, lym-
phoma risks in organ transplant recipients have been
extensively investigated, and there are many ongoing
patient cohorts. The spectrum of lymphoma subtypes
that occur in immunosuppressed individuals tends to
differ in important respects from those seen in the non-
immunosuppressed, beingmore aggressive, less respon-
sive to therapy, often EBV-associated, and more likely
to occur at extranodal sites. Indeed, post-transplant
lymphoproliferative disorders (PTLD) are generally
considered separately, the latest WHO classification
distinguishing several different malignant and benign
PTLD disease forms. Immunosuppression is recognized
as the major causal factor in PTLD, the likelihood of
development varying with the patient’s age and type of
transplant – the incidence being lowest following renal
transplant and highest following heart and lung.

Organ transplantation is an increasingly successful
therapy and, as with HIV/AIDS, it is one of the factors
often considered to have contributed to the temporal
increase in NHLs seen at the end of the last century
(Figure 1.5). Nonetheless, organ transplantation
remains comparatively rare and the proportion of
the increase it could account for remains small.

Autoimmune disease
Several strong associations between autoimmune dis-
ease and subsequent lymphoma development have
been described. In particular, links with autoimmune
disease-based chronic inflammation and MALT lym-
phoma are well recognized – two of the strongest and
most well-known relationships being those between
Hashimoto thyroiditis and thyroid lymphoma and
between Sjögren’s syndrome and salivary gland lym-
phoma. Consistent associations have also been
reported for other chronic inflammatory rheumatic
diseases; for example, rheumatoid arthritis and sys-
temic lupus erythematosus with both MZL and
DLBCL, and gastrointestinal inflammatory autoim-
mune conditions, such as celiac disease and Crohn’s
disease, with the T-cell lymphomas. Indeed, evidence
linking lymphoproliferative disorders with autoim-
munity continues to accumulate, the strongest associ-
ations being seen for MZL, DLBCL, and T-cell
lymphoma, and the weakest with the relatively indo-
lent FL. Associations between chronic inflammatory
rheumatic diseases and CHL, but not nodular sclerosis
HL, have also been reported.

Taken as a whole, there is broad consensus that
elucidating the mechanisms underpinning the link
between autoimmune disease and the lymphomas
could lead to fundamental insights into the biology of
both groups of disorders, and there is considerable
speculation about potential mechanisms in the litera-
ture. In this regard routine examination of sex-specific
associations could provide valuable information since it
has long been known thatmost autoimmune conditions
are considerably more common in women than inmen,
whereas the reverse is true for the majority of lympho-
proliferative malignancies. Furthermore, there are well-
documented sex-specific variations in immune response
that may well impact on the risk of these diseases.

Other environmental factors
The dramatic increase in lymphoma registrations seen
at the end of the last century (Figure 1.5) resulted
in a massive increase in epidemiological research.
Accordingly, in addition to investigating the explicit
immunological factors discussed above, many other
putative risk factors have been examined, including
genetic predisposition, associations with other comor-
bidities, and a wide range of occupational and other
potentially hazardous environmental exposures.
However, despite concentrated effort, many of the
potentially hazardous associations identified have
been weak or contradictory, with few consistent asso-
ciations emerging. Indeed, at the present time, the lack
of accepted environmental determinant(s) for lym-
phomas sits starkly against the accumulated knowl-
edge about other cancers such as lung, stomach, skin,
bladder, and breast.

With respect to the continued investigation of lym-
phoma determinants, the InterLymph consortium – a
scientific forum for epidemiologic research on lym-
phoma –was established in 2001. InterLymphmembers
have reviewed and published on several health-related
states/events and environmental exposures – and their
website includes all their reports and provides up-to-
date information on many putative risk factors (http://
epi.grants.cancer.gov/InterLymph/). Thus far, topics
investigated by InterLymph have included self-reported
obesity (rising levels being another potential factor sug-
gested as contributing to temporal trends), smoking
and alcohol (no consistent effects found); sun exposure
and history of atopic infections (marginally reduced
risks found); and family history of hematological can-
cers (increased risks confirmed). Finally, with a view to
investigating genetic susceptibility, the majority of
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InterLymph studies collected constitutional biological
material from cases and corresponding controls, and
findings here have, perhaps, been more informative.
Thus far polymorphisms in two immune system-
related genes have been identified using the candidate
gene approach, associations being seen for both DLBCL
and MZL, and genome-wide association studies are
currently ongoing.

Further reading
Anderson LA, Gadalla S, Morton LM, et al. Population-

based study of autoimmune conditions and the risk of
specific lymphoid malignancies. Int J Cancer, 2009;
125(2):398–405.

Ansell P, Simpson J, Lightfoot T, et al. Non-Hodgkin
lymphoma and autoimmunity: does gender matter? Int J
Cancer, 2011;129(2):460–466.

Barrans S, Crouch S, Smith A, et al. Rearrangement of MYC
is associated with poor prognosis in patients with diffuse
large B-cell lymphoma treated in the era of rituximab. J
Clin Oncol, 2010;28(20):3360–3365.

Boffetta P, Armstrong B, Linet M, et al. Consortia in cancer
epidemiology: lessons from InterLymph. Cancer
Epidemiol. Biomarkers Prev, 2007;16(2):197–199.

Bosetti C, Levi F, Ferlay J, et al. Incidence andmortality from
non-Hodgkin lymphoma in Europe: the end of an
epidemic? Int J Cancer, 2008;123(8):1917–1923.

Boyle P. International agency for research on cancer. World
Cancer Report 2008. Lyon: IARC Press; 2008.

Crouch S, Simpson J, Ansell P, et al. Illness patterns prior to
diagnosis of lymphoma: analysis of UK medical records.
Cancer Epidemiol [Internet]. 2010, Sept. 8 [cited Sept. 15,
2010]; Available from: http://www.ncbi.nlm.nih.gov/
pubmed/20832384

Dal Maso L, Serraino D, Franceschi S. Epidemiology of
AIDS-related tumours in developed and developing
countries. Eur J Cancer, 2001;37(10):1188–1201.

Ferlay J, Shin H, Bray F, et al. Estimates of worldwide
burden of cancer in 2008: GLOBOCAN 2008. Int J
Cancer [Internet]. 2010, June 17 [cited Aug. 26, 2010];
Available from: http://www.ncbi.nlm.nih.gov/pubmed/
20560135

Jarrett RF. Viruses and lymphoma/leukaemia. J Pathol,
2006;208(2):176–186.

Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA
Cancer J Clin, 2010;60(5):277–300.

Luminari S, Cesaretti M, Marcheselli L, et al. Decreasing
incidence of gastric MALT lymphomas in the era of anti-
Helicobacter pylori interventions: results from a
population-based study on extranodal marginal zone
lymphomas. Ann Oncol, 2010;21(4):855–859.

Marcos-Gragera R, PollánM,ChirlaqueMD, et al. Attenuation
of the epidemic increase in non-Hodgkin’s lymphomas in
Spain. Ann Oncol, 2010;21 Suppl 3:iii90–96.

Mozaheb Z, Aledavood A, Farzad F. Distributions of major
sub-types of lymphoid malignancies among adults in
Mashhad, Iran. Cancer Epidemiol [Internet]. 2010, Oct.
29 [cited Jan. 10, 2011]; Available from: http://www.ncbi.
nlm.nih.gov/pubmed/21036690

Orem J, Mbidde EK, Lambert B, de Sanjose S, Weiderpass E.
Burkitt’s lymphoma in Africa, a review of the epidemiology
and etiology. Afr Health Sci, 2007;7(3):166–175.

Relander T, Johnson NA, Farinha P, et al. Prognostic
factors in follicular lymphoma. J Clin Oncol,
2010;28(17):2902–2913.

Sagaert X, Van Cutsem E, De Hertogh G, Geboes K,
Tousseyn T. Gastric MALT lymphoma: a model of
chronic inflammation-induced tumor development. Nat
Rev Gastroenterol Hepatol, 2010;7(6):336–346.

Sant M, Allemani C, Santaquilani M, et al. EUROCARE-4.
Survival of cancer patients diagnosed in 1995–1999.
Results and commentary. Eur J Cancer,
2009;45(6):931–991.

Sant M, Allemani C, Tereanu C, et al. Incidence of
hematologic malignancies in Europe by morphologic
subtype: results of the HAEMACARE project. Blood,
2010;116(19):3724–3734.

Smedby KE, Hjalgrim H, Askling J, et al. Autoimmune
and chronic inflammatory disorders and risk of
non-Hodgkin lymphoma by subtype. J Natl Cancer Inst,
2006;98(1):51–60.

Smith A, Roman E, Howell D, et al. The Haematological
Malignancy Research Network (HMRN): a new
information strategy for population based
epidemiology and health service research. Br J
Haematol, 2010;148(5):739–753.

Swerdlow S. International Agency for Research on Cancer,
World Health Organization. WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues. 4th
ed. Lyon, France: International Agency for Research on
Cancer, 2008.

Végső G, Hajdu M, Sebestyén A. Lymphoproliferative
disorders after solid organ transplantation–classification,
incidence, risk factors, early detection and treatment
options. Pathol Oncol Res [Internet]. 2010, Dec. 31 [cited
Jan 12, 2011];Available from: http://www.ncbi.nlm.nih.
gov/pubmed/21193979

Westlake S. Cancer incidence and mortality in the United
Kingdom and constituent countries, 2004–06.Health Stat
Q, 2009;43:56–62.

Yoon SO, Suh C, Lee DH, et al. Distribution of lymphoid
neoplasms in the Republic of Korea: analysis of 5318 cases
according to the World Health Organization
classification. Am J Hematol, 2010;85(10):760–764.

Chapter 1: Epidemiology

10

http://www.ncbi.nlm.nih.gov/pubmed/20832384
http://www.ncbi.nlm.nih.gov/pubmed/20832384
http://www.ncbi.nlm.nih.gov/pubmed/20560135
http://www.ncbi.nlm.nih.gov/pubmed/20560135
http://www.ncbi.nlm.nih.gov/pubmed/21036690
http://www.ncbi.nlm.nih.gov/pubmed/21036690
http://www.ncbi.nlm.nih.gov/pubmed/21193979
http://www.ncbi.nlm.nih.gov/pubmed/21193979


Chapter

2
Prognostic factors for lymphomas
Guillaume Cartron and Philippe Solal-Céligny

Introduction
Lymphomas are tumors that have largely benefited
from the introduction of cytotoxic chemotherapy.
Treatment strategies based on intensive chemotherapy
have also demonstrated improved survival of patients
with relapsed lymphomas. It is necessary to identify
selected populations with adverse prognostic factors
that would justify such a strategy. Prognostic indices
have been developed both to define therapeutic strat-
egies and compare results of clinical trials. Such indi-
ces are usually based on retrospective studies that
highlight methodological problems in prospective
studies in the monoclonal antibody era. The recent
development of technologies analyzing gene expres-
sion profiling also gives us new tools for both more
accurate diagnosis and prognostic implications. We are
also beginning to see the development of indices based
on lymphoma-specific biological risk factors. Positron
emission tomography using 18F-fluorodeoxyglucose
should also improve assessment of tumor response
and introduce new prognostic measures.

Methodology for building prognostic
indices
The goals of a prognostic index (PI) are as follows:

(i) for a single patient at the time of diagnosis, to help
the physician to predict the probable course of the
disease and propose an individualized treatment,
and to give the patient and his or her family
accurate information;

(ii) to compare the results of clinical trials to ascertain
whether groups of patients share the same
prognosis;

(iii) to design clinical trials in homogeneous
subgroups of patients.

A good PI must fulfill several qualities.

It must be accurate
(i) It must include patients with the same lymphoma

subtype. This is easily achieved in individual
entities like Hodgkin’s disease. For some entities,
like mantle cell lymphoma, it may require detailed
pathology review and additional
immunohistochemical and cytogenetic studies.

(ii) Patients should ideally represent the whole
spectrum of the lymphoma subtype.

(iii) In subtypes where treatment has a significant
influence on the course of the disease, only
patients optimally treated should be included.

It must be simple
(i) Although molecular biology and/or sophisticated

cytogenetic studies may improve the accuracy of
PIs, these tests are cumbersome, costly, and
available only in limited centers. Using such tests
will limit the usefulness of an index, since widely
used prognostic indices in lymphoma must rely
on routinely performed tests.

(ii) Some tests can require a consensus before
incorporating them in a PI, such as the cell grade
in follicular lymphomas, and BCL-2 positivity in
large B-cell non-Hodgkin lymphomas (NHLs).

(iii) The number of parameters included in an index
must be small enough (i.e. between three and five)
to be easily memorized and to separate the
patients into a limited number (say between three
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and five) risk groups. However, the widely
expanding use of “pocket computers” and smart
phones will permit us to usemore complex indices
and/or algorithmic programs, e.g. the MIPI
(Mantle Cell Lymphoma International Prognostic
Index).

It must ideally rely on overall survival (OS)
OS is the most convenient endpoint. PIs have been
developed from retrospective analyses of large groups
of patients. In these retrospective studies, determining
the time to progression (TTP) or time to treatment
failure (TTF) may lead to uncertainties and is a poten-
tial source of bias.

However, OS cannot be used in analyses of patients
with some lymphoma subtypes, as in Hodgkin’s dis-
ease or indolent lymphomas where the OS is very
good, events are rare and an analysis would require
many years of follow-up. It is now widely accepted –
although not definitively proved – that significant
improvement in progression-free survival (PFS) is a
good surrogate of an improvement in OS that can be
used in the evaluation of the influence of a new treat-
ment in different prognostic subgroups.

It must be discriminant
To be useful to clinicians, a PI must separate patients
into risk groups with significantly different OS or PFS
when compared by log-rank test and hazard ratio for
either of these endpoints.

Furthermore, except in some common subtypes
such as large cell NHL or Hodgkin’s disease, there
must be an even distribution between risk groups to
allow assessment of a new treatment in an adequate
number of patients. In developing the PI, it may also
be useful in some frequently occurring subtypes to
identify a small group of patients, either with a very
good or a very poor prognosis.

It must be validated
The first step in building a PI is to collect the data from a
large number of patients, spanning the entire spectrum
of the disease. Then, these patients are randomly sepa-
rated into a test group used for building the index and a
second group for internal validation. This method has
been used to create the International Prognostic Index
(IPI) for aggressiveNHLs and the Follicular Lymphoma
International Prognostic Index (FLIPI). These indices
must then be validated by other groups and/or centers

in other patients who may differ by age, distribution,
and treatment modalities. This external validation is
mandatory before widespread adoption of the PI. A
univariate analysis is the first step. Parameters here are
selected from the literature and will include demo-
graphic data, clinical and biological markers of tumor
burden, and the effect of the lymphoma upon the host.
This univariate analysis may, however, generate bias:
when creating the FLIPI, it appeared that including the
cell subtype of follicular lymphoma would require a
pathology review since the distribution was obviously
center-dependent. Another example is the absence of
inclusion in all indices of comorbidities, since the pres-
ence and the severity of a concomitant disease will
influence prognosis. This is especially true in the eld-
erly. New scores for evaluating these comorbidities and
their severity have been proposed and should be inte-
grated in new clinical PIs.

There is no consensus on the optimal method for
including continuous variables in univariate analyses.
They may be included as a continuous variable –
which is the most accurate but the most complex
option – or dichotomized according to a threshold
change in prognosis beyond a certain point (for
instance, the threshold of 60 years was chosen for the
IPI since it was considered a maximal age for autolo-
gous bone marrow transplantation). The expansion of
computer software in daily use by physicians in their
day-to-day practice will allow more and more use of
continuous variables in PIs. Parameters that signifi-
cantly influence the OS of patients in the univariate
analysis should then be included in the multivariate
analysis. However, if the number of patients is very
high, a selection of parameters has to be made accord-
ing to statistical (P value in the univariate analysis) and
clinical considerations. Parameters that significantly
influence OS in the multivariate analysis are chosen
for building the PI. Detailed statistical considerations
are beyond the scope of this chapter.

Diffuse large B-cell lymphoma
(DLBCL)

Prognostic factors at diagnosis
Clinical factors
Until the end of the 1980s, age and staging according to
the Ann Arbor classification were the most frequent
parameters used to identify “high-risk” or “low-risk”
patients with aggressive NHL. The Ann Arbor
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classification was originally developed for Hodgkin’s
disease, which commonly spreads via contiguous
lymph node groups. Because the patterns of spread are
somewhat different betweenNHL andHL, it is therefore
not surprising that the Ann Arbor classification was less
efficient in identifying prognostic subgroups of patients
with aggressive NHL. Age at diagnosis was also com-
monly identified as a prognostic factor in numerous
studies. However, most publications that included large
numbers of older patients, demonstrated a tendency to
treat elderly patients with lower doses of chemotherapy
to reduce treatment-related toxicity, while others sug-
gested that older patients could benefit from full-dose
therapy. In this context, many investigators attempted to
identify pre-treatment prognostic factors from their own
series of patients with aggressive NHL. Features inde-
pendently associated with outcome were often used to
develop prognostic-factor models in which the individ-
ual patient’s risk correlated to the number of adverse
factors present at diagnosis. Although the clinical fea-
tures used in these models differed, they were thought to
reflect three basic features:

(1) the tumor’s growth and invasive potential: lactate
dehydrogenase (LDH), Ann Arbor stage, tumor
size, bone marrow (BM) involvement, and number
of nodal and extranodal sites;

(2) the patient’s reaction to the tumor: performance
status (PS), B symptoms;

(3) the patient’s likely ability to tolerate intensive
therapy: PS, BM involvement, age.

The models were similarly predictive for outcome in
large series of patients uniformly treated, suggesting
that, although they relied on different parameters, they
identified the same patient subpopulations.

In 1993, institutions and cooperative groups from the
United States, Canada, and Europe participated in the
International Non-Hodgkin’s Lymphoma Prognostic
Factors Project to attempt to develop a predictive
model (the IPI) based on a large cohort of patients with
aggressive NHL. This model was designed to allow com-
parisons of published clinical trials and to identify
patients at high risk for relapse after anthracycline-
based chemotherapy. From a study of 2031 patients
treated with an anthracycline-based chemotherapy
between 1982 and 1987, clinical features independently
predictive for OS and relapse were age, PS, LDH levels,
Ann Arbor stage, and the number of extranodal sites.
These five factors were incorporated into a model
(Table 2.1) and an individual patient’s relative risk of

death was determined by adding the number of adverse
prognostic factors present at diagnosis. It was therefore
possible to identify four groups that had significantly
different predicted 5-year OS: 73% (low-risk group
with either no or one adverse factor); 51% (low–
intermediate risk group with two adverse factors); 43%
(high–intermediate risk group with three adverse
factors); and 26% (high-risk group with four or five
adverse factors). Since age was an independent predictive
factor for outcome and patients younger than 60 years
were often candidates for intensive treatment, an age-
adjusted model was also developed. From 1274 patients
aged 60 years or younger, three adverse factors were
identified: tumor stage, serum concentration of LDH,
and PS. By adding the number of adverse prognostic
factors, this age-adjusted IPI (aaIPI) identified four risk
groups with a predicted 5-year OS of 83% (low-risk
group with no adverse factor), 69% (low–intermediate
risk group with one adverse factor), 46% (high–inter-
mediate risk group with two adverse factors), and 32%
(high-risk group with three adverse factors).

When clinical characteristics of patients above
and below 60 years were compared, it was seen that
equal percentages of younger and older patients pre-
sented with elevated LDH level, advanced stage, poor
performance status PS (2–4), or had multiple extra-
nodal sites. These demonstrated that the worst out-
come of older patients was not because of more
extensive disease. The comparison of complete
remission (CR) and relapse-free survival (RFS) rates
between older and younger patients (Table 2.2) also
indicated that they had similar CR rates but lower

Table 2.1 Prognostic factors for survival in International
Index Patients.

Relative
risk

P
value

(A) Patients of all ages
Age (≤60 years versus >60 years)
LDH (≤normal versus >normal)
Performance status (0,1 versus
2–4)

Ann Arbor stage (I/II versus III/IV)
Extranodal involvement (≤1 site
versus >1 site)

1.96
1.85
1.80
1.47
1.48

<0.001
<0.001
<0.001
<0.001
<0.001

(B) Patients ≤60 years of age
Ann Arbor stage (I/II versus III/IV)
LDH (≤normal versus >normal
Performance status (0, 1 versus
2–4)

2.17
1.95
1.81

<0.001
<0.001
<0.001

Chapter 2: Prognostic factors for lymphomas

13



RFS rates that translated into significant age-related
differences in survival. When survival of patients
with different Ann Arbor stages was compared
according to risk groups defined by the IPI, it was
possible to determine in each different stage signifi-
cantly different outcomes, indicating that the IPI was
more predictive than the Ann Arbor classification.

The IPI was derived from a cohort of patients with
aggressive lymphoma, including both T-cell lym-
phoma and different subtypes of aggressive B lym-
phoma. In addition, none of the patients received the
current gold standard treatment of rituximab and
CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone)-like chemotherapy. Subsequently, the
predictive value of IPI was reassessed in a retrospective
study in 365 patients with DLBCL who received six to
eight cycles of R-CHOP. The authors found that IPI
remained predictive but they identified only two risk

groups: low and low–intermediate groups with 4-year
OS of 82% and 81%, respectively, and high and high–
intermediate groups with 4-year OS of 49% and 59%,
respectively. They proposed to redistribute these pre-
dictive factors into a Revised International Prognostic
Index (R-IPI) and identified three distinct prognostic
groups with a very good (no adverse prognostic factor,
4-year PFS: 94%, OS: 94%), good (1 or 2 adverse
factors, 4-year PFS: 80%, OS: 79%), and poor (3 or
more adverse factors; 4-year PFS: 53%, OS: 55%) out-
come, respectively (Table 2.3).

The IPI or R-IPI are now used to design therapeu-
tic trials and to select and compare treatment strat-
egies, but these clinical variables clearly represent
surrogates for the intrinsic cellular and molecular het-
erogeneity within aggressive lymphoma and highlight
the need for patient-specific and biologically based risk
factors.

Table 2.2 The International and Age-Adjusted Index.

Risk group Risk factors Distribution
of cases (%)

CR rate (%) RFS of CR (%) Survival (%)

2-year
rate

5-year
rate

2-year
rate

5-year
rate

(A) International Index
(patients of all ages)

Low (L)
Low–intermediate (LI)
High–intermediate (HI)
High (H)

0,1
2
3
4,5

35
27
22
16

87
67
55
44

79
66
59
58

70
50
49
40

84
66
54
34

73
51
43
26

(B) Age-adjusted Index
(patients ≤60 years)

Low (L)
Low–intermediate (LI)
High–intermediate (HI)
High (H)

0
1
2
3

22
32
32
14

92
78
57
46

88
74
62
61

86
66
53
58

90
79
59
37

83
69
46
32

(B) Age-adjusted Index
(patients >60 years)

Low (L)
Low–intermediate (LI)
High–intermediate (HI)
High (H)

0
1
2
3

18
31
35
16

91
71
56
36

75
64
60
47

46
45
41
37

80
68
48
31

56
44
37
21

Table 2.3 The Revised International Prognostic Index.

Revised
IPI

Number
of IPI factors

Percentage
of patients

4-year
PFS (%)

4-year
OS (%)

Very
good

0 10 94 94

Good 1,2 45 80 79

Poor 3,4,5 45 53 55
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Histological factors
The updated World Health Organization (WHO)
classification in 2008 defined DLBCL, not otherwise
specified (NOS), as a proliferation of B-lymphocytes
which diffusely efface the normal architecture of a
node or extranodal site. Three common variants have
been recognized: centroblastic, immunoblastic and
anaplastic. Immunoblast-rich tumors have been
found to have a worse prognosis in several studies
and in some studies associated with frequent involve-
ment of the CNS and BM. WHO classification recog-
nizes four DLBCL subtypes, including T-cell/
histiocyte-rich large B-cell lymphoma, primary
DLBCL of the CNS, primary cutaneous DLBCL
(leg-type) and EBV-positive DLBCL of the elderly.
Until recently, T-cell/histiocyte-rich large B-cell lym-
phomas were considered to have a worse prognosis.
However, most of these studies were retrospective,
included small numbers of patients, and these results
were not confirmed by others. The more recently
defined EBV-positive DLBCL of the elderly and pri-
mary cutaneous DLBCL, leg-type, share a similar
poor prognosis.

DLBCL usually express CD45 (leukocyte com-
mon antigen) and pan-B-cell antigens such as
CD19, CD20, and CD79. They can also express
other markers detectable by immunohistochemistry,
including lineage-associated and immune markers,

cell adhesion molecules, proliferation and apoptosis
markers. Some of these markers have been consid-
ered to have a prognostic impact and are summarized
in Table 2.4. BCL-2 protein expression is found in
30–60% of cases and the consequence of either
t(14;18)(q32;q21) or BCL-2 amplification leads to an
increase of BCL-2 production. In contrast to the lack
of prognostic significance of the presence of t(14;18)
(q32;q21) in DLBCL, numerous studies have demon-
strated an association between BCL-2 expression and
decreased disease-free survival (DFS) or OS.
However, there was considerable variation in criteria
used by these authors to classify BCL-2-positive cases
(ranging from 10% to more than 50% positive cells).
Moreover, in cohorts of patients treated with chemo-
therapy and rituximab, BCL-2 expression did not
correlate with survival, emphasizing the current
ambiguous prognostic value of BCL-2 expression.

CD5 found primarily in T-cells is also expressed by
a subset of normal B-cells. CD5+ DLBCLs are reported
to be associated with an older age, are predominantly
found in women, with frequent involvement of extra-
nodal sites (especially BM and spleen), and inferior
survival compared to CD5– DLBCL.

By immunostaining of CD10, BCL-6, and IRF4/
MUM1, different groups have proposed immunophe-
notypic subdivision ofDLBCL into germinal center-like
(GCB) and non-germinal center-like (non-GCB)

Table 2.4 Immunohistochemical markers having prognostic value in diffuse large B-cell NHL.

Immunohistochemical markers Prognostic value

Lineage-associated and immune antigens
CD5
HLA molecules
CD54
CD86

Expression associated with extranodal presentation and shorter survival
Defective expression associated with poor prognosis
Expression associated with shorter relapse-free survival
Expression associated with shorter relapse-free survival

Proliferation and apoptosis markers
Ki67
MIB 1
P53/P21
Cyclin D3
rb
BCL-2
Survivin

High expression associated with shorter survival
High expression associated with shorter survival
P53+/P21− phenotype associated with poor treatment response
Expression associated with shorter survival
High expression associated with better survival
High expression associated with shorter survival
Expression associated with shorter survival

Adhesion molecules
CD44 Expression associated with shorter survival in localized nodal disease

Stage-specific markers
CD10/BCL-6 CD10+/BCL-6+ phenotype associated with a better survival
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subgroups. Cases with CD10 expression by 30% of cells
are regarded as GC type as well as cases that are CD10–,
BCL-6+, and IRF4/MUM1–. All other cases are regarded
as of non-GC type. However, this immunophenotyping
division does not correlate well with gene expression-
based subgrouping of DLBCL (see Gene expression
profiling, below).

Genetic abnormalities
Several recurrent chromosomal abnormalities have
been described in DLBCL, including those involving
BCL-6 (3q27), BCL-2 (18q21), P53 (17p), and REL
(2p14). None of them are pathognomonic of DLBCL.
BCL-6 is located in 3q27 and is involved in chromo-
somal translocations or mutations leading to deregu-
lation of BCL-6 expression. The chromosomal
translocations involving 3q27 are the most frequent
genetic abnormalities and are detected in 30–40% of
DLBCL. Contrary to the predictive value of increased
BCL-6 mRNA and BCL-6 protein expression, the clin-
ical importance of such translocations has been con-
troversial and most studies have failed to demonstrate
a significant effect on survival. Translocation t(14;18)
(q32;q21) is found in up to 30% of DLBCL, and most
early studies have not shown a prognostic impact of
this translocation in de novo DLBCL.

Mutations and deletion of P53 are reported in up to
20% of DLBCL and this has been associated with a
more aggressive clinical course. However, p53 protein
expression is imperfectly correlated with P53mutation
and it has been suggested that the analysis of p53
with its downstream target p21 may identify a sub-
group of DLBCL with a particularly poor outcome
(p53+/p21–). MYC rearrangement was observed in up
to 10% of cases of DLBCL. The MYC break partner is
IGH (60%) or non-IGH (40%) genes. In some, MYC
rearrangements are associated with a concurrent BCL-
2–IGH translocation and/or BCL-6 breakpoint or both.
These cases are usually characterized by a high prolif-
eration index and have a very poor prognosis.

Gene expression profiling
Studies using gene expression profiling have identified
different patterns of gene expression allowing the sep-
aration of DLBCL subtypes deriving from distinct
stages of lymphocyte ontogeny. The first group,
named GC-like DLBCL, expresses genes characteristic
of normal B-cells in the germinal center, whereas non-
GC-like DLBCL consists of cells with the character-
istics of activated B-cells (ABC). The ABC-like tumors

expressed genes found in in vitro activated peripheral
blood B-cells as well as some genes expressed normally
by plasma cells, suggesting their post-GC origin.
Initially, a “type 3” group was defined, including a
collection of DLBCL which cannot be classified as the
GC and ABC groups, but this does not represent a
distinct group. This stratification related to stages of
B-lymphocyte ontogeny has been found to be correlated
with OS independently of IPI, GC-like DLBCL having
significantly better OS rates when compared to those
with ABC-like DLBCL. However, the microarrays used
in these studies were different and there was no overlap
between the genes identified in these studies. The clin-
ical utility of such technologies is also limited by the cost
and the requirement for fresh or optimally cryopre-
served tumor. A simplified 6-gene predictive model
using quantitative real-time polymerase chain reaction
was subsequently developed, demonstrating that the
expression of three genes (LMO2, BCL-6, FN1) corre-
lated with prolonged survival, whereas the expression of
another set of three genes (BCL-2, CCND2, SCYA3) was
associated with a shorter survival. The predictive value
of the gene expression profile was later confirmed using
tissue microarray (TMA), suggesting the potential of
this technology to replace gene expression profiling in
clinical practice. Gene expression profiling was origi-
nally obtained with tumor samples from patients trea-
ted without rituximab. The predictive value of gene
expression profiling has been subsequently demonstra-
ted in a more recent cohort of patients receiving
R-CHOP.

Treatment-related prognostic factors
Although parameters associated directly with response
to treatment cannot be used to define induction ther-
apy, they provide information regarding the chemo-
sensitivity of the tumor. The recent introduction
of positron emission tomography (PET) using
18F-fluorodeoxyglucose (18F-FDG) has improved our
ability to evaluate the prognostic relevance of
response.

Time to complete remission
The survival of patients with DLBCL is closely related
to achieving CR at the end of treatment, whereas stable
or progressive disease (refractory disease) are both
associated with poor survival. The time required to
obtain CR has also been identified as an important
prognostic factor of OS, with patients achieving CR
early having the best survival. However, evaluation of
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response by clinical examination and computer
tomography scans is often limited to evaluating
patients with bulky or disseminated tumors who fre-
quently (30–60%) have residual abnormalities of
uncertain significance.

Positron emission tomography (PET) using
18F-fluorodeoxyglucose (18FDG)
PET–18F-FDG is now considered as the non-invasive
imaging technique of choice for the detection of resid-
ual disease after treatment. The positive predictive
value of PET–18F-FDG for relapse is close to 100%
(Table 2.5) and persistent PET–18F-FDG uptake after
first line therapy is associated with a high risk of
progression. The follow-up time and the small size of
the studies that included both DLBCL and Hodgkin’s
lymphoma are confounding factors, and the prognos-
tic impact of PET–18F-FDG at the end of treatment
needs to be confirmed in future studies. Despite these
limitations, PET–18F-FDG has now been incorporated
into the revised response criteria for DLBCL.

The prognostic value of 18F-FDG uptake has also
been evaluated before autologous stem cell transplanta-
tion (ASCT), and positive PET–18F-FDG scan was also
correlated with PFS andOS. PET–18F-FDG before trans-
plantation seems to be an even stronger prognostic fac-
tor than IPI and its prognostic significance is higher
before rather than after transplantation. Early prediction
of response to therapy could also distinguish those
patients who might benefit from standard therapy
from those for whom intensive strategies may be
more beneficial. A rapid decrease of 18F-FDG uptake
by tumoral tissue has been observed as early as 7 days
after the first administration of chemotherapy in patients
with NHL, and it might therefore be possible to separate
early patients with or without residual 18F-FDG uptake.
Nevertheless, optimal timing to assess response remains
unknown. Some authors found that the predictive value
of PET–18F-FDG was independent of IPI, and
PET–18F-FDG findings obtained after the first cycle

correlated better with PFS than those observed after
completion of chemotherapy. Results of prospective
studies evaluating the impact of interim PET–18F-FDG
in patient management are awaited.

Dose intensity and schedule
Until the advent of rituximab, the CHOP regimen
(cyclophosphamide, doxorubicin, vincristine, and pred-
nisone) was considered as the gold standard for the
treatment of DLBCL. Early phase II studies have high-
lighted the potential role of dose intensity and schedule
of treatment on survival rates. These second and third
generation regimens failed, however, to demonstrate an
impact on survival. Several recent randomized trials have
focused again on increasing frequency and intensity of
CHOP. They demonstrated that CHOP given every 2
weeks (CHOP-14) or an intensified regimen (ACVBP)
could improve OS rates. More intensive approaches
using high-dose chemotherapy followed by ASCT
have also been tested in first line therapy. Results are
often conflicting, but could suggest that intensive early
therapy might benefit age-adjusted IPI high–inter-
mediate (HI)-risk patients. The benefit of adding rit-
uximab to CHOP on survival has been demonstrated
in both elderly patients with advanced DLBCL and in
young low-risk patients (defined by IPI ≤1). The
impact of intensified chemotherapy regimens in the
era of rituximab (R-CHOP-14) has been studied in
three prospective trials; two have failed to demonstrate
any survival advantage compared to R-CHOP-21. The
role of high-dose chemotherapy with rituximab as
part of initial therapy is currently under investigation.

Prognostic factors at relapse
Clinical and treatment-related prognostic factors
Initial therapy of DLBCL with anthracycline-based
chemotherapy cures approximately 40–50% of
patients and therefore 50–60% of patients will either
have disease refractory to initial therapy or will relapse

Table 2.5 Predictive value of whole-body PET–18F-FDG for treatment evaluation in NHL.

Clinical
situations

Sensitivity Specificity Positive
predictive value

Negative
predictive value

Early response 79% 92% 90% 81%

Before
transplantation

84% 83% 84% 83%

Post treatment 67% 100% 100% 83%
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after a complete response. For these patients, high-
dose chemotherapy followed by ASCT is the most
successful approach, obtaining 40–45% 5-year event-
free survival (EFS) as demonstrated in the PARMA
trial which compared salvage regimen (DHAP) alone
or followed by ASCT. Early studies of high-dose che-
motherapy have demonstrated that chemosensitivity
to initial second line therapy was an overwhelming
predictor of outcome. Other additional adverse factors
identified in many of these studies include a remission
duration shorter than 12 months, an elevated lactate
dehydrogenase (LDH), bulk disease greater than
10 cm, or three or more chemotherapy regimens
before ASCT. The IPI has also been evaluated at the
initiation of second line therapy as a predictor of out-
come. In a retrospective analysis of the PARMA trial,
aaIPI was highly predictive of both response to DHAP
and OS for the entire cohort of patients. For chemo-
sensitive patients randomized to autologous stem cell
transplantation, aaIPI failed, however, to be predictive
of OS. Furthermore, no difference in PFS or OS was
found between the two arms for patients with an aaIPI
score of 0.

Gene expression profiling
There are very few studies including gene expression
profiling at the time of relapse and its predictive value
is under investigation. The importance of phenotype
assessed by TMA in predicting survival in relapse or
refractory DLBCL treated with ASCT has recently
been reported. No difference in survival was observed
for patients with either the GC phenotype or the non-
GC phenotype.

Follicular lymphomas
Follicular lymphomas (FLs) account for 25–30%
of all NHLs. Until 20 years ago, treatment of FLs
was palliative and did not significantly modify the
natural history of the disease. Since the development
of immunotherapies such as interferon alpha, anti-
CD20 monoclonal antibodies, and combinations
of these with chemotherapy, overall survival has
improved. However, these treatments may have
immediate and/or long-term toxicity, may have
untoward effects on quality of life, and have variable
costs.

It has thus become essential for clinicians to have
detailed information on the prognosis of the disease at
diagnosis in order to select treatment with the optimal
efficacy/toxicity/cost ratios.

Prognostic factors at diagnosis
Clinical factors
Several retrospective analyses have looked for prog-
nostic factors in FLs. Those that have been reported
as having a significant influence on prognosis are
listed in Table 2.6. The IPI proposed for aggressive
lymphomas has also been tested in FL, where sev-
eral studies have shown that the IPI can separate
patients into groups with significantly different
prognoses.

However, there are many drawbacks in using the
IPI in FLs: (1) the statistical methodology is inad-
equate since some factors that were not significant in
aggressive lymphomas might influence the prognosis
of FL; (2) the IPI is poorly discriminant in FL, with less
than 15% of patients in the high–intermediate risk and
high-risk groups.

This prompted a group of specialists in 1998 to
initiate a collection of data from approximately 5000
patients with FL. After univariate and multivariate
analyses, the Follicular Lymphoma International
Prognostic Index (FLIPI) was devised. It relies on
five parameters (Table 2.7): age, serum LDH, Ann
Arbor stage, hemoglobin level, and number of
nodal sites. From these, three risk groups were
established.

The characteristics of these groups, distribution of
patients in the test group, 5-year and 10-year survivals,
and relative risks of deaths are seen in Table 2.8.

The FLIPI has been validated by analysis of other
series and has been designed with patients treated
with conventional chemotherapy before the era of
anti-CD20 monoclonal antibodies (MoAb). OS can-
not be used for validation in patients treated with
anti-CD20 MoAbs because of the scarcity of events.
The usefulness of the FLIPI has thus been tested on
PFS and has been validated on different series of
patients treated with cyclophosphamide, vincristine,
and prednisone (CVP) followed by rituximab, CVP
combined with rituximab, CHOP combined with
rituximab, or treatment with radiolabeled anti-
CD20 MoAb.

Since the FLIPI did not include some parameters
that were not measured routinely at the time of
the analysis (tumor bulk, serum β2 microglobulin
level) and relied on the analysis of patients initially
treated without anti-CD20 MoAbs, a new PI has
recently been proposed. The FLIPI2 uses PFS as
the endpoint and prospectively included a larger
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number of prognostic parameters, with the final
index relying on five (Table 2.9): age, serum β2
microglobulin level, tumor bulk, Ann Arbor stage,
and BM involvement. From this, three risk groups
with significantly different PFS have been established
(Table 2.10).

Histological factors
In the 2008 WHO classification of lymphomas, FLs
are separated into three grades according to the cell
type: grades 1 and 2 are small cell and grade 3 is large
cell FL. Grade 3 FLs account for approximately 10%
of FLs and have been separated into two entities:

grade 3a FL (neoplastic follicles with more than 25
large cells per high-power field on a background of
small cells) and grade 3b (neoplastic follicles in asso-
ciation with sheets of diffuse large cell infiltration).
Grade 3b FLs are also distinctive cytogenetically with
a lower incidence of t(14;18) and absence of the
concomitant rearrangement of BCL-2 and BCL-6.
Grade 3b FLs are now considered and treated as
DLBCL.

Genetic abnormalities
The t(14;18)(q32;q21) translocation is the hallmark
of FLs, leading to overexpression of the BCL-2 gene.
However, FLs without the t(14;18) probably have the
same prognosis. Most FL cells carry additional chro-
mosome abnormalities, and cell grade and survival
have been demonstrated to be correlated with the
number of abnormalities. Some additional chromo-
some abnormalities have an influence on prognosis,
some being associated with poor (6q deletion,17p, 1p
abnormalities) or good (trisomy 12, +7, +8) long-
term survival.

Some abnormalities have been associated with
histological transformation of FL into high-grade
NHL such as mutation(s) of the P53 gene, overexpres-
sion of C-MYC, and inactivation of the p15 and p16

Table 2.6 Adverse prognostic factors in follicular lymphomas (from retrospective analyses of the literature).

Characteristics

Demographic Advanced age
Male gender

Pathological Follicular diffuse architecture
Cell type grade 3

Cytogenetic Absence of t(14;18)
Additional cytogenetic abnormalities
6q deletion, 17p, 1p abnormalities
p53 gene mutations

Molecular Overexpression of macrophage and dendritic cell genes
Overexpression of p53

Tumor mass Ann Arbor stage III–IV
Number of nodal sites involved
Massive marrow infiltration
Presence of bulky tumors
Increased serum LDH level
Increased serum β2 microglobulin level
Increased serum CA125

Consequences upon the host Poor performance status
B symptom(s)
Anemia
Hypoalbuminemia

Table 2.7 Prognostic factors for survival in Follicular
Lymphoma International Prognostic Index (FLIPI).

Relative
risk

P
value

Age (≤60 years versus >60 years) 2.38 <0.001

Ann Arbor stage (I/II versus III/IV) 2.00 <0.001

Hemoglobin level (<120 g/L
versus ≥120 g/L)

1.55 <0.001

LDH (≤normal versus >normal) 1.50 <0.001

Number of nodal sites (≤4 sites
versus >4 sites)

1.39 0.001
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