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The non-Hodgkin’s lymphomas are a variety of malignant disorders of
the immune system with distinct clinical and pathological characteristics.
Incidence rates of lymphoma in 2002 were 18.4/100.000/year in the US,1

and approximately 2500 new cases were reported in 2003 in the
Netherlands by the cancer registry. In general, as is the case in other
malignancies, incidence rates increase with age, but 50% of patients will
be younger than 60 years when first diagnosed with malignant
lymphoma. Most lymphomas arise from B-cells, but T-cells or natural
killer cells may also be involved as cell of origin. This thesis focuses on
treatment and prognostic aspects of young adult patients with poor-risk
aggressive B-cell lymphoma. In this chapter a general introduction to
these aspects is presented.

1.1
Clinical presentation and pathological diagnosis

Lymph node enlargement is often the first clinical presentation of malignant
lymphoma, but signs or symptoms of extranodal localizations, including organ or
bone marrow failure can also determine the clinical picture. Extranodal involve-
ment occurs as first presentation in up to 30% of cases of diffuse large B-cell lym-
phoma, the most common lymphoma entity. Some lymphomas tend to be
restricted to specific sites, e.g. T-cell lymphomas of the skin, mucosa associated
lymphoid tissue (MALT) lymphoma of the stomach, whereas others have a ten-
dency to disseminate to specific extranodal sites, e.g. meningal dissemination
associated with lymphoblastic and Burkitt lymphomas. Other lymphoma enti-
ties present with widespread disease involving nodal as well as extranodal sites
at diagnosis, e.g. mantle cell lymphoma.

Both, clinical presentation and the specific morphological, immunohisto-
chemical and genetic features of the malignant lymphoma determine the
approach to the patient as well as treatment and prognosis. Accordingly, the cur-
rent World Health Organization (WHO) classification of malignant lymphoma is
based on an integration of these characteristics.2 Thus, apart from a careful dis-
ease history and clinical assessment, the diagnosis of malignant lymphoma fore-
most relies on the availability of an adequate tumor biopsy specimen for exam-
ination by a hematopathologist.

Over 40 distinct lymphoma entities are currently recognized in the WHO clas-
sification.2 This classification, published in 2001 is a further refinement of the
work set in motion by an international collaboration of expert hematopathologists
that culminated in the revised European-American classification of lymphoid
neoplasia (REAL classification) in 1994, integrating morphological, immunolog-
ical and genetic features.3 This classification finally ended the application of dif-
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ferent classification systems used by pathologists in Europe and the United
States. More importantly, it also made the much used but frustrating translation
between these different systems for clinical usage, the so called Working
Formulation,4 redundant.

For practical clinical reasons, the majority of the lymphomas have tradition-
ally been subdivided into behaving either aggressively or indolently, as summa-
rized in Table 1. Although scientifically redundant, given the distinct clinical-
pathological lymphoma entities of the WHO classification, this segregation into
lymphomas with aggressive or indolent behavior has been used by clinicians for
a long period of time. It may still be practical for usage at initial diagnosis for the
clinician working with restricted hospital facilities, who is less familiar with the
WHO classification, in particular to guide timing of expert consultation, referral,
staging and treatment.

Table 1. Most frequent lymphoma subtypes.5

% of cases Clinical behavior

B-cell lymphoma
– Diffuse large B-cell 31% aggressive
– Follicular 23% indolent
– MALT 8% indolent
– Small lymphocytic/CLL 7% indolent
– Mantle Cell 6% aggressive
– Burkitt 3% aggressive
– Primary Mediastinal B-cell 2% aggressive
– Nodal marginal zone 2% indolent
T-cell lymphoma
– Mature T 8% aggressive
– Anaplastic large cell 2% aggressive
– Precursor T lymphoblastic 2% aggressive
Other types (B and T) 7%

As can be seen in Table 1, 80% of the malignant lymphomas are of B-cell origin.
Of these, the vast majority are either diffuse large B-cell lymphomas, which
behave aggressively or follicular lymphomas, behaving indolently in the major-
ity of cases.

Although most B-cell lymphomas are readily diagnosed based on their dis-
tinct morphology, clinical presentation, immunological and or genetic hallmarks,
some clinically relevant difficulties in classification still remain. For instance,
the distinction between Burkitt lymphoma and diffuse large B-cell lymphoma in
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an adult patient, which is of utmost relevance for the choice of treatment, can still
be very difficult even in the presence of a MYC gene rearrangement, pathogno-
monic for Burkitt lymphoma6 (this thesis chapter 2.3 and 3.1). Morphology of dif-
fuse large B-cell lymphoma is highly variable and tumor cells can have variable
cytological features and additional genetic abnormalities. Although not consis-
tently correlated with distinct morphological or cytogenetic characteristics, this
large group of aggressive lymphomas may in fact comprise several distinct clin-
ically relevant subgroups (see also gene expression below and this thesis chap-
ter 2.3).

T-cell lymphomas are rare entities and most of these lymphomas behave
clinically aggressively, with the exception of some T-cell lymphomas of the skin.
Diagnosis of T-cell lymphoma may be difficult due to their sometimes subtle
clinical presentation. They often present at extranodal sites and diagnosis may
present a considerable challenge. Without the presence of a clear morphologi-
cally malignant presentation in the biopsy, differential diagnosis, for instance
with a reactive T-cell infiltrate, may be extremely difficult even in the hands of
an expert hematopathologist. Moreover, in contrast to B-cell lymphomas, there
are no techniques as yet to determine clonality of the antigen receptor in T-cells
by immunohistochemistry or flowcytometry. In consequence, diagnosis of T-cell
lymphomas is often dependent on aberrant (co-)expression or the absence of
expression of specific T-cell antigens of the tumor cells. Clonality in T-cell lym-
phomas can only be determined by molecular techniques.

Post transplant lymphoproliferative disorders are rare lymphoid prolifera-
tions or lymphomas originating in transplant recipients. These lymphomas arise
in the context of impaired function of the immune system as a result of immuno-
suppressive treatment to prevent allograft rejection. Although rare, these lym-
phomas are not infrequently encountered in a large transplant center such as
our hospital (UMCG). Most of these lymphomas are of B-cell origin and EBV
positive. Impaired T-cell mediated immune surveillance against EBV induced
B-cell proliferation plays an important role in the etiology of these lymphomas.
Post transplantation lymphoma frequently presents at extranodal sites, includ-
ing the allograft and may behave very aggressively (chapter 4.1 this thesis).

1.2
Pathogenetic aspects

Although some lymphomas have a distinct etiology, i.e. may be associated with
a particular pre-existing immune disorder, infectious agent, carcinogenic event
or combinations thereof, the precise etiology of the majority of lymphomas is
unknown. 2

1  General introduction
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Most lymphomas can be considered as clonal proliferations originating from
a particular stage of lymphoid development. Immunoglobulin gene rearrange-
ment in early B-cell development, or somatic hypermutation of immunoglobu-
lin genes during antigen affinity proliferation and maturation of B-cells in the
germinal center, provide a genetically instable and promiscuous environment
for the occurrence of genetic aberrations. These aberrations may ultimately lead
to disruption of gene regulation and/or abnormal expression of gene products,
including fusion genes coding for specific proteins in specific lymphoma sub-
types. Among others, these aberrations may lead to increased proliferation (e.g.
MYC gene deregulation in Burkitt lymphoma), inhibition of apoptosis (e.g. bcl2
protein over-expression in follicular lymphoma), disruption of cell cycle pro-
gression control (e.g. cyclin D1 over-expression in mantle cell lymphoma), or
prevention of cell cycle arrest (e.g. bcl6 protein in diffuse large B-cell lymphoma).
Key genes commonly involved in the histopathogenesis of mature B-cell lym-
phoma subtypes are summarized in Table 2.

Table 2. Common genetic aberrations associated with mature B-cell lymphoma.2

Mature B-cell lymphoma Chromosomal aberration Involved genes*

Follicular lymphoma
– 80% t(14;18)(q32;q21) IgH and BCL2
– 15% 3q27 BCL6
Diffuse large B-cell lymphoma
– 30% 3q27 BCL6
– 20% t(14;18)(q32;q21) IgH and BCL2
Mantle cell lymphoma t(11;14)(q13;q32) Cyclin D1and IgH
Burkitt lymphoma t(8;14)(q24;q32) MYC and IgH

t(2;8)(q11;q24) Ig-kappa and MYC
t(8;22)(q24;q11) MYC and Ig-lambda

Gastric MALT lymphoma t(11;18)(q21;q21) API2 and MLT
Splenic Marginal Zone lymphoma t(2;7)(q11;q21) Ig-kappa and CDK6
Lymphoplasmacytic lymphoma t(9;14)(p13;q32) PAX-5 and IgH

* IgH = immunoglobulin heavy chain gene; Ig-kappa = immunoglobulin kappa light chain gene; 
Ig-lambda = immunoglobulin lambda light chain gene.

Although analysis of chromosomal aberrations may be helpful in pinpointing the
diagnosis of specific lymphoma subtypes, the specificity of some of these aber-
rations may vary as they can be observed in several distinct lymphoma entities.
Moreover, additional specific and nonspecific genetic abnormalities may be
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observed (not shown). The prognostic value of specific chromosomal breakpoints
within these lymphoma entities is not clearly defined (chapter 2.3 this thesis).

Although a potential promiscuous environment for genetic events is also
present during antigen-receptor gene-rearrangement in T-cell development,
much less is known about molecular pathogenetic events in T-cell lymphomas,
due to their infrequent occurrence. An exception is ALK protein expression pos-
itive anaplastic large cell lymphoma. In this lymphoma, translocation of the ALK
gene on chromosome 2p23 results in a fusion gene with aberrant expression and
gain of function of an oncogenic ALK gene-encoded tyrosine kinase receptor,
not normally expressed in lymphoid cells.

1.3
Staging and prognostic factors

To select the appropriate treatment, if any, for a patient with malignant lym-
phoma, evaluate its result, and to stratify prognostic subgroups, careful staging
of all involved sites is paramount. In addition, the International Prognostic Index
(IPI) should be documented at diagnosis in all patients with aggressive lym-
phoma, because of its importance for prognosis.7 FDG-PET scanning (2-(F-18)-
fluoro-deoxy-glucose positron emission tomography) has become an important
tool in staging and treatment evaluation. In addition, analysis of gene expres-
sion or protein expression may help to further define subgroups of lymphomas
with different prognosis.

International Prognostic Index
Before the IPI was in common use, most study groups had their own clinical

risk classification to stratify patients for prospective studies. For instance, in the
Netherlands, HOVON (Stichting Hemato-Onclogie voor Volwassenen Nederland)
developed a risk classification based on treatment results of 285 patients up to 65
years included in a randomized study for stage II-IV aggressive lymphoma.8

Based on stage and serum LDH, young patients could be divided into three
HOVON risk groups: low-risk (stage II, normal serum LDH), intermediate-risk
(stage III or IV with normal LDH; stage II with elevated LDH), or high-risk (stage
III or IV with elevated LDH), with corresponding 5 year survival rates of 77%, 49%,
and 23%, respectively. Inclusion of patients in subsequent HOVON trials for
patients below 65 years of age was based on risk classification according to this
model.

The IPI is based on multivariate analysis of clinical data from 2031 patients
with aggressive lymphoma treated with CHOP-like chemotherapy (cyclophos-
phamide, hydroxyldaunomycin (doxorubicin), vincristine (Oncovin®) and pred-
nisone) in 16 centers in Europe and North-America.7 Five clinical risk factors at

1  General introduction
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diagnosis were identified that were independently associated with treatment out-
come: Ann Arbor stage (I-II v. III-IV), age (younger or older than 60 years), per-
formance status (ECOG 0-1 v. 2-4), serum LDH (lactate dehydrogenase) (nor-
mal v. elevated) and number of extranodal sites of involvement (0-1 v. 2 or more).
A simple model, the IPI risk score, was constructed, based on the number of risk
factors present in the individual patient ranging from 0 to 5. This risk score
proved to be highly predictive for response and survival in patients with aggres-
sive lymphoma treated with standard CHOP-like chemotherapy (Table 3A).

Table 3A. Outcome of aggressive lymphoma according to the International
Prognostic Index.7 All patients (n=2031), 5 factors score.

Risk group No. factors % patients % CR % 5-yr RFS % 5 yr OS

Low 0-1 35 87 70 73
Low-intermediate 2 27 67 50 51
High-intermediate 3 22 55 49 43
High 4-5 16 44 40 26

CR = complete remission; 5-yr = 5-year; RFS = relapse-free survival; OS = overall survival

Table 3B. Outcome of aggressive lymphoma according to the International
Prognostic Index.7 Age-adjusted IPI, patients younger than 61 years (n=1271), 
3 factors score.

Risk group No. factors % patients % CR % 5-yr RFS % 5 yr OS

Low 0 22 92 86 83%
Low-intermediate 1 32 78 66 69%
High-intermediate 2 32 57 53 46%
High 3 14 46 58 32%

CR = complete remission; 5-yr = 5-year; RFS = relapse-free survival; OS = overall survival

Age in itself plays an important role in treatment decisions, e.g. the inclusion in
intensive treatment protocols. Therefore, an age-adjusted IPI was constructed
and validated for patients younger than 61 years consisting of only 3 independ-
ent factors: stage, performance status and serum LDH (Table 3B). The number
of extra-nodal sites, which proved to be the weakest factor in the IPI, no longer
remained an independent risk factor in young patients. Because the majority of
patients (>80%) in the IPI project had diffuse large B-cell lymphoma, the prog-
nostic value of the IPI risk classification is mainly based on this type of lym-
phoma.
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Because of its robust performance and general acceptance, treatment for pre-
viously untreated diffuse large B-cell lymphoma, at least in clinical trials, is cur-
rently stratified according to IPI risk profiles

In addition, the IPI may also have prognostic relevance in patients with
relapsed aggressive lymphoma. The age-adjusted IPI score at relapse, the so-
called secondary age-adjusted IPI, is highly predictive for outcome of second-line
treatment followed by autologous stem cell transplantation in aggressive lym-
phoma9 (chapter 5.1 this thesis).

FDG-PET
Conventional diagnostic methods for lymphoma staging include at least a

bone marrow biopsy, CT scanning of neck, thorax and abdomen. After treatment,
residual masses are often present on CT scan but their predictive value for pro-
gression or recurrence of lymphoma is ill defined because this imaging tech-
nique cannot differentiate between viable tumor or scar tissue. This has ham-
pered the meaningful use of response criteria, based on CT criteria, as primary
endpoint of treatment efficacy in clinical trials. As a consequence, time depend-
ent endpoints implying longer follow-up, such as time to treatment failure or
time to progression are being used as primary efficacy endpoints in virtually all
clinical studies. The use of 18-fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) as imaging technique for staging and response evaluation in
lymphoma might change this paradigm. The high performance of FDG-PET to
distinguish between viable tumor cells or scar tissue at sites with residual mass
on CT scan in aggressive lymphoma will become an important efficacy endpoint
in future studies.10,11

FDG-PET scanning may also be used for mid treatment evaluation to distin-
guish patients responding to treatment from those who are not or less well
responding12-17 (chapter 5.2 this thesis). Moreover, its use in detection of pos-
sible sites of lymphoma involvement not readily visualized by routine CT or MRI
scanning, e.g. extranodal localizations, may be extremely helpful to guide further
clinical decisions, e.g. localization of sites most appropriate for diagnostic biopsy
(chapter 4.2 this thesis).

Gene- and protein expression
Although not (yet) integrated in the WHO classification, gene-expression

profiling of lymphomas may add clinically relevant information. For instance,
distinct gene expression signatures can be recognized within lymphoma sub-
groups, e.g. diffuse large B-cell lymphoma that are associated with different prog-
nosis.18,19 Furthermore, this technique is increasingly used to further define and
classify rare lymphoma entities, e.g. primary mediastinal B-cell lymphoma,20 or
to elucidate diagnostic difficulties, for instance those encountered in Burkitt lym-
phoma in adults.21,22

1  General introduction
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However, gene expression profiling requires frozen tumor tissue and expen-
sive and sophisticated techniques not readily available in routine diagnostic lab-
oratories. Determining the appropriate cellular proteins corresponding to the
discriminatory genes found in gene expression arrays and the subsequent devel-
opment of an appropriate immunohistochemical technique for their detection,
which can be used in paraffin embedded tissue in routine practice, is therefore
of great importance. Ultimately, immunohistochemical algorithms may be devel-
oped enabling the pathologist to extract comparable – if not the same – informa-
tion from paraffin embedded tissue as provided by gene expression profiling23

(chapter 3.3 this thesis).

1.4
Treatment

The choice as well as timing of treatment in malignant lymphoma, mainly
depends on its pathological classification and clinical presentation. Treatment
may vary from watch-full waiting in a patient with follicular lymphoma, antibi-
otics for Helicobacter pylori eradication in localized gastric malt lymphoma with-
out t(11;18) translocation, tapering of immunosuppression in post transplanta-
tion lymphoma, up to brief high-intensity aggressive chemotherapy with central
nervous system prophylaxis in a patient with Burkitt lymphoma. Given the scope
of this thesis, this section will mainly focus on treatment of advanced diffuse
large B-cell lymphoma, Burkitt lymphoma and post transplant lymphoma.

Treatment of diffuse large B-cell lymphoma

Caveats
Differences in mix of lymphoma subtypes included in trials, use of different

risk factor classification systems, and the additional use of radiotherapy in some
trials make comparison of results of clinical studies difficult.

Before the REAL/WHO classification became in full usage, most clinical stud-
ies have included other lymphoma subtypes with aggressive clinical behavior
together with diffuse large B-cell lymphoma, e.g. mature T-cell lymphomas, fol-
licular lymphoma grade 3, and even mantle cell lymphomas. Although most of
these studies contain 80% or more diffuse large B-cell lymphoma cases, the case
mix of these different histologies may have biased the results, given the inde-
pendent prognostic influence of histology on outcome. For instance, 5 year over-
all survival rates for ALK protein positive anaplastic large cell lymphoma, diffuse
large B-cell lymphoma and mature T/NK-cell lymphoma were 64%, 53% and 35%
respectively in a large retrospective study of over 1800 patients uniformly treated
according to the LNH87 protocol by the GELA (Groupe d’Etudes de Lymphomes
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Agressives).24 The prognostic impact of histology was independent from IPI risk
in multivariate analysis.

Apart from histology, differences in the mix of IPI risk factors of patients
included in studies, designed before the IPI was in common use, may also have
influenced outcome. Most study groups had their own risk classification to strat-
ify patients for prospective studies.

The place of radiotherapy in combination with chemotherapy or with chemo-
immunotherapy for the initial treatment of localized aggressive lymphoma or
consolidation of bulky disease is in debate.25-28 Truly localized disease, i.e. stage
I (E) disease, is rare in diffuse large B-cell lymphoma and a full discussion of
this topic is beyond the scope of this thesis. However, radiotherapy has also been
used by several study groups in advanced stages for consolidation of initial bulky
disease, and/or sites of partial remission after chemo or chemo-immunotherapy.
The German study group has routinely incorporated radiotherapy as consolida-
tion in the treatment of patients with bulky disease in most of their randomized
studies for aggressive lymphoma.

Thus, differences in mix of lymphoma subtypes, classification of risk and the
additional use of radiotherapy, make direct comparison of treatment results from
different studies often difficult, if not impossible. A fortiori, extrapolation of treat-
ment results to other patient groups should only be done with extreme caution.

CHOP chemotherapy
Until the recent introduction of rituximab, a monoclonal anti-B-cell antibody

directed against the CD20 antigen present on virtually all mature B-cells and
exhibiting amazing efficacy when combined with chemotherapy in the treatment
of B-cell lymphoma, CHOP chemotherapy administered three weekly has been
the standard treatment for advanced aggressive lymphoma since 1976.29

Attempts to improve upon CHOP by incorporating other drugs in the classi-
cal CHOP scheme have not been very successful. No difference in outcome was
observed in a large North American Intergroup study, comparing 8 three-weekly
cycles of CHOP (CHOP-21) with three other regimens (ProMACE-CYTABOM,
MACOP-B and M-BACOD), which all had shown promising efficacy in phase II
studies.30 Because cyclophosphamide and doxorubicin are probably the most
effective cytostatic drugs in the treatment of aggressive lymphoma,31,32 the neg-
ative results of this trial might in part be explained by the lower doses of
cyclophosphamide and/or doxorubicin in the third generation regimens, in order
to accommodate for the incorporation of other cytostatic drugs (chapter 2.2 this
thesis). Nevertheless, from its publication in 1993, the North American Intergroup
study more or less proclaimed 8 cycles of CHOP-21 to be standard treatment for
advanced aggressive lymphoma, against which future experimental treatments
would have to be compared in the years to come.30

1  General introduction
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A serious contester of CHOP-21 as the proclaimed golden standard in the
treatment of aggressive lymphoma, at least in younger patients, might be the
ACVBP regimen (doxorubicin, cyclophosphamide, vindesine, bleomycin, pred-
nisone). With this regimen, used by the GELA in successive large cohorts of
patients since 1984, impressive, if not better results than with CHOP-21 have
been reported.33 ACVBP is given for only 3-4 cycles, followed by consolidation
with high-dose methotrexate, ifosfamide, etoposide, asparaginase, and cytara-
bine. Interestingly, the initial dose intensity of doxorubicin and cyclophos-
phamide in the ACVBP regimen (70 mg/m2 and 1200 mg/m2 per cycle) is higher
than in CHOP-21 (50 mg/m2 and 750 mg/m2 per cycle). Although probably more
toxic than CHOP-21, the increased early dose intensity of ACVBP might theo-
retically result in better outcome. However, the contribution of the intensive con-
solidation after 3-4 ACVBP cycles will without doubt also play an important role
in treatment outcome. Unfortunately the ACVBP regimen has never been com-
pared directly with CHOP in a randomized controlled trial in poor-risk young
patients. In young patients with low-risk aggressive lymphoma no difference
was observed between M-BACOD (methotrexate, bleomycin, adriamycin,
cyclophosphamide, vincristin, dexamethason) and ACVBP.34 In elderly patients
(61-69 years) with intermediate and high IPI risk scores, ACVBP appeared to be
more toxic, but had superior event free and overall survival compared to CHOP.35

Dose intensification of CHOP
Before the availability of hematopoietic growth factors, further dose escala-

tion of cyclophosphamide and doxorubicin without stem cell support was not
feasible due to hematological toxicity. For instance, in a randomized study per-
formed by the NCIC (National Cancer Institute of Canada), comparing doxoru-
bicin-escalated M-BACOD (80 mg/m2 doxorubicin per cycle) with standard M-
BACOD (doxorubicin 50 mg/m2), the escalated regimen did not improve response
and survival, but increased toxicity. However, the actual received dose intensity
of doxorubicin in the escalated arm was only 70% of the projected (intended)
dose as a result of dose-attenuation because of hematological toxicity.36 The
introduction of growth factors, e.g. granulocyte colony stimulating factor (G-CSF,
Filgastrim, PEG-Filgastrim), which can improve neutrophil recovery after
chemotherapy and mobilize stem cells, has enabled studies on dose intensifica-
tion of CHOP in aggressive lymphoma.

The German study group, DSHNHL (Deutsche Studiengruppe für
Hochgradige NHL) has addressed this issue by shortening the dose interval of
CHOP supported by G-CSF in patients with advanced aggressive lymphoma.
They reported the results of two large randomized trials comparing six cycles of
CHOP or CHOEP (CHOP with the addition of etoposide) administered at three-
weekly intervals, CHO(E)P-21, with the same regimens at two-weekly intervals,
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CHO(E)P-14, supported by G-CSF.37,38 Additional radiotherapy after chemother-
apy was given to patients with initial bulky disease (>10 cm). Inclusion criteria
for young patients were good-risk disease according to the DSHNHL, i.e. they had
normal serum LDH. Retrospectively, the majority had low-, or low-intermediate
age-adjusted IPI risk. For elderly patients no risk classification was used and,
retrospectively, all IPI risks were included. In both young and elderly patients the
two-weekly regimen supported by G-CSF was superior in terms of event-free
and overall survival compared with the three weekly regimen. A significant
difference in 5 year overall survival was seen for CHOP-14 compared with 
CHOP-21 (53% v. 41%) in the elderly group, and both for CHOP-14 and CHOEP-14
compared with CHOP-21 in the young patients group. Although the addition of
etoposide showed fractionally better results in young patients,38 the improved
response and time to treatment progression of CHOEP-14 compared with CHOP-14
was nullified by the increased toxicity of etoposide in the CHOEP regimen in
elderly patients.37 Importantly, with the use of growth factor support, the
observed neutropenia and thrombocytopenia, even in elderly patients, were not
different between the CHOP-14 and the CHOP-21 regimen.37

The results of these large multicenter studies indicate that shortening of
treatment interval supported by G-CSF is feasible and may improve outcome in
both young low and low-intermediate IPI risk patients, as well as in elderly
patients with aggressive lymphoma.

At the same time, the Dutch-Belgian study group HOVON conducted a ran-
domized trial in which the hypothesis of improved efficacy by dose intensifica-
tion of CHOP supported by G-CSF was tested even further. Patients below 66
years with intermediate-risk aggressive lymphoma according to HOVON crite-
ria, corresponding to low, or low-intermediate, age-adjusted IPI risk, were ran-
domized to compare eight cycles of CHOP-21 with six cycles of intensified CHOP-
14. In this study, both the dose of cyclophosphamide and doxorubicin were
increased and interval between cycles was shortened, resulting in a projected
dose intensity of cyclophosphamide and doxorubicin in the intensified CHOP-14
arm that was twice that of CHOP-21. The results of this study and a further dis-
cussion of dose intensification of CHOP supported by G-CSF in young interme-
diate-risk patients are presented in chapter 2.2 of this thesis.

Autologous stem cell transplantation as first-line treatment
With autologous stem cell support even further dose escalation is feasible.

However, this treatment strategy is commonly reserved for young patients, due
to the toxicity of myeloablative therapy and autologous stem cell transplantation
(ASCT) in the elderly. Based on the successful experience with ASCT in treat-
ment of young patients with relapsed aggressive lymphoma,39 many subsequent
studies have been conducted exploring ASCT as first-line treatment. After a sub-
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stantial number of randomized trials with controversial results, the place of ASCT
in first-line treatment of aggressive lymphoma is still in debate.40,41 Selection of
patients as well as differences in induction treatment and timing of ASCT may
explain part of the controversies. Two consecutive studies of ASCT as first-line
treatment in patients with poor-risk disease were conducted by HOVON. The
results of these studies, HOVON-27 and -40, and a further discussion of ASCT
as first-line treatment in aggressive lymphoma can be found in chapter 2.1 of this
thesis.

Anti-CD20 monoclonal antibodies (Rituximab)
The introduction of rituximab, a chimeric monoclonal antibody against the

CD20 antigen, has substantially improved treatment results in B-cell lymphoma.
CD20, a membrane antigen with a yet unknown function, is present on most
mature B-cells, except plasma cells. The major mechanisms of action of rituximab
on lymphoma cells are: cell lysis as a result of complement activation, antigen
dependent cellular toxicity as a result of the humanized Fc-part of the antibody,
and direct triggering of apoptosis of B-cells by signaling through CD20.42

Response rates of 33% were observed in patients with relapsed or progres-
sive aggressive B-cell lymphoma treated with eight weekly rituximab infusions.43

No difference in response was observed between a rituximab dose of 500 mg/m2

or 375 mg/m2. These doses were based on phase I tolerability44 and efficacy stud-
ies in follicular lymphoma,45 respectively. Although the optimal timing and dose
of rituximab is still in debate, the dose of 375 mg/m2 has subsequently been used
in most lymphoma trials. After the feasibility of combining rituximab with CHOP
chemotherapy in the treatment of diffuse large B-cell lymphoma had been estab-
lished,46 several randomized studies have been conducted comparing rituximab
with chemotherapy versus chemotherapy alone in the treatment of B-cell lym-
phoma, all showing superior results of the chemo-immunotherapy combina-
tion.28,47-52 In addition, a 26% improvement in 3 year survival was observed after
changing the standard CHOP-21 treatment guideline to R-CHOP-21 in a registry
based cohort study in British Columbia.53

Based on these data and the virtual absence of severe toxicity of rituximab,
the combination of chemotherapy with rituximab has become standard treat-
ment for diffuse large B-cell lymphoma, although the addition of rituximab to
chemotherapy has not been studied formally in a randomized controlled trial in
young patients with intermediate or high-risk disease. Ongoing studies will have
to elucidate whether results of treatment may be improved by combination(s) of
rituximab, or other (radio-)immunotherapy, with dose-intensified CHOP or ASCT
in subgroups of patients with diffuse large B-cell lymphoma.
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Treatment of relapse
Young patients with aggressive lymphoma relapsing after first-line treat-

ment may still be cured by myeloablative chemo- and or radiotherapy followed
by autologous stem cell transplantation, provided they still have chemosensitive
disease, i.e. respond to second-line chemotherapy.39 Current practice is largely
based on the evidence from the PARMA study, a randomized multicenter trial in
215 patients with aggressive lymphoma who relapsed after first-line doxorubicin
containing chemotherapy. After two courses of conventional second-line
chemotherapy, responding patients were randomly assigned to receive either
four additional courses of chemotherapy plus radiotherapy, or radiotherapy plus
intensive chemotherapy followed by autologous bone marrow transplantation.
Patients with resistant disease, i.e. those with less than partial response after
the 2nd chemotherapy course, went off protocol treatment. At five years the sur-
vival of patients in the transplantation arm was significantly superior to those in
the chemotherapy arm: 53% versus 32%. However, only half of the patients
responded to second-line chemotherapy. Patients who had relapsed early, i.e.
during first-line chemotherapy, had a much lower response rate to second-line
chemotherapy than patients with late relapse 21% versus 64%.39 Patients not
responding to second-line treatment had dismal survival. Time to relapse after
first-line chemotherapy, and serum-LDH at relapse were independent prognos-
tic factors for response to second-line therapy.54

Because only patients responding to second-line chemotherapy will be can-
didates for ASCT, we wondered whether the IPI at relapse, i.e. the secondary
age-adjusted IPI would also have prognostic relevance in patients who actually
receive ASCT, i.e. those with chemosensitive relapsed aggressive lymphoma.
The results of a retrospective study investigating prognostic factors in chemosen-
sitive patients transplanted for relapsed or primary progressive aggressive lym-
phoma in our hospital (UMCG) are presented in chapter 5.1 of this thesis. In
the meantime, the independent prognostic significance of this secondary IPI in
patients with relapsed or primary progressive diffuse large B-cell lymphoma has
also been confirmed by others.9

Chemosensitivity remains the most important factor for the prediction of out-
come in patients failing first line chemotherapy and the early detection of these
patients has important clinical consequences. Given the uncertainties of CT scan-
ning in the prediction of response, FDG-PET might be a better predictor for true
chemosensitive disease in these patients. A pilot study investigating this issue in
patients with relapsed lymphoma is presented in chapter 5.2.

Treatment of Burkitt lymphoma
Sporadic Burkitt Lymphoma is a rare, highly aggressive tumor, often origi-

nating in extranodal abdominal sites and having a tendency to meningal dis-
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semination. Clinical presentation and incidence may differ between children and
adults, as described in chapter 3.2 of this thesis. Despite its aggressive behav-
ior, Burkitt lymphoma is highly curable, provided the correct diagnosis is made
and the appropriate treatment is rapidly instituted. The distinction between
Burkitt and diffuse large B-cell lymphoma in adult patients can be very diffi-
cult.6 However, a swift and correct pathological diagnosis is important, because
treatment of Burkitt lymphoma differs considerably from diffuse large B-cell
lymphoma. In adults Burkitt lymphoma accounts for less than 5% of the lym-
phomas. In childhood, Burkitt lymphoma is relatively more frequent and may
constitute up to 40% of B-cell lymphomas.2 Therefore, clinical studies of Burkitt
lymphoma in adults are sparse, and treatment guidelines are mainly based on the
experience gained from cohort studies in children.

Current treatment strategies for Burkitt lymphoma mainly consist of brief
duration, high-intensity chemotherapy, containing aggressive central nervous
system prophylaxis.55 With this type of approach, treatment outcome in children
is excellent, with over 80% cure rate even in patients with adverse prognostic
risk factors at diagnosis. Only few data on treatment outcome in adult patients
have been published. High cure rates have been reported in nonrandomized
cohort studies of adult patients treated with ‘pediatric’ type of therapy
approaches.56-61 However, children still have superior outcome and tolerate treat-
ment better than older patients.56

Based on promising results of ASCT in patients with aggressive lymphoma
in first remission, including Burkitt lymphoma, HOVON initiated a multi-center
phase II study in December 1994 to evaluate a strategy of short intensive sequen-
tial chemotherapy, and subsequent ASCT in adult patients with Burkitt lym-
phoma. For the results of this study and a further discussion of treatment of
Burkitt lymphoma in adult patients the reader is referred to chapter 3.1 of this
thesis.

Treatment of post-transplantation lymphoma
Because PTLD originates in the context of depressed T-cell mediated immune

surveillance, caused by immunosuppressive drugs administered to the trans-
plant recipient to prevent graft rejection, reduction of immunosuppression is
usually the first step in treatment of this lymphoma.62-65 However, reduction of
immunosuppression will often not suffice. Therefore, many other strategies have
been applied, such as antiviral agents, polychemotherapy and anti-B-cell
immunotherapy.

Because the pathogenesis of the majority of PTLD is associated with prolif-
erating B-cells latently infected with Epstein Barr virus, antiviral agents inhibit-
ing active proliferation of human herpes viruses, such as acyclovir and gancy-
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clovir have frequently been used, but are not very effective in the treatment of
PTLD.66

In the past, CHOP-like chemotherapy has usually been the treatment of
choice in recipients of solid organ transplants with PTLD failing to respond to
reduction of immunosuppression, or in those in whom reduction of immuno-
suppression was considered not feasible in view of the consequences of possi-
ble graft rejection. However, this type of treatment is associated with substantial
mortality, mainly due to severe infectious complications in the early post trans-
plant period. Nowadays, rituximab has become first line treatment of CD20 pos-
itive PTLD.67 Chemotherapy for PTLD in solid organ transplant recipients is
reserved for patients with CD20 negative PTLD and/or in whom other treatment
options have failed.

In our center more than 2000 kidney and lung transplants have been per-
formed between 1968 and 2002. We analyzed the incidence, patient characteris-
tics, clinical presentation and prognostic factors of importance for treatment out-
come and survival in patients who developed PTLD in these cohorts during this
time frame. The results are presented in chapter 4.1 of this thesis.

1.5
Outline of this thesis

This thesis contains the results of a number of studies concerning treatment,
and prognostic aspects of poor-risk aggressive lymphomas, in particular Burkitt
lymphoma, diffuse large B-cell lymphoma, and post-transplant lymphoma. The
studies were either conducted in multicenter collaboration (HOVON), or as sin-
glecenter study based on data from patients treated in the department of hema-
tology at UMCG. The studies have been grouped by disease entity.

Chapter 2: Diffuse large B-cell lymphoma
In chapter 2.1 the results of two consecutive multicenter HOVON phase II stud-
ies (HOVON-27 and HOVON-40) are presented, investigating up-front high-dose
therapy followed by ASCT as first-line treatment in advanced poor-risk aggres-
sive lymphoma. The large majority (80%) of patients accrued in these studies had
diffuse large B-cell lymphoma.
In chapter 2.2 the results of a prospective randomized phase III study (HOVON-
26) are presented in which we investigated the impact of doubling the dose inten-
sity of cyclophosphamide and doxorubicin in the CHOP regimen, supported by
G-CSF compared to standard CHOP treatment in patients with intermediate-
risk advanced aggressive lymphoma.
Chapter 2.3 contains an analysis of the prognostic impact of immunophenotype
and chromosomal breakpoints in diffuse large B-cell lymphomas included in the
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HOVON-27 and -40 studies. The primary objective of this retrospective biolog-
ical study was to investigate the prognostic value of germinal center B-cell type
versus non germinal center B-cell type diffuse large B-cell lymphoma, as deter-
mined by immunohistochemical algorithm in a homogeneous group of poor-risk
patients, treated with high-dose therapy and ASCT as first-line treatment.

Chapter 3: Burkitt lymphoma
In chapter 3.1 results are presented of a multicenter phase II study by HOVON
(HOVON-27BL) investigating the feasibility and efficacy of short, intensive high-
dose treatment followed by ASCT in adult Burkitt lymphoma. This study ran in
parallel with a study in other advanced poor-risk aggressive lymphomas, treated
according to the same regimen (HOVON-27), described in chapter 2.1 of this the-
sis.
In chapter 3.2 the results are presented of incidence and clinical presentation of
Burkitt lymphoma in children versus adults, based on data obtained from the
National Cancer Registry, the SLWNK (Stichting Leukemie Werkgroep
Nederland voor Kinderen) and the HOVON-27BL study.

Chapter 4: Post-transplant lymphoma
In chapter 4.1 the salient clinical features and treatment results are described
of post-transplant lymphoproliferative disease observed in a cohort of over 2000
recipients of a lung or kidney transplant between 1968 and 2002 in our hospital.
In chapter 4.2 the preliminary experience with FDG-PET scanning as tool for
staging and treatment evaluation in post transplantation lymphoma is described.

Chapter 5: Relapsed aggressive lymphoma
In chapter 5.1 a retrospective analysis is presented of the prognostic impact of
the age-adjusted IPI score at relapse (secondary age-adjusted IPI) in young
patients with chemo sensitive relapsed aggressive lymphoma who subsequently
received autologous stem cell transplantation in our hospital.
In chapter 5.2 we analyzed the value of midtreatment FDG-PET scanning dur-
ing second-line induction treatment to predict the subsequent outcome of autol-
ogous stem cell transplantation in patients with relapsed lymphoma.

Chapter 6: Summary and General Discussion
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Purpose
Timing, appropriate amount, and composition of treatment before high-
dose therapy and autologous stem-cell transplantation (ASCT) in
patients with poor-risk aggressive non Hodgkin’s lymphoma (NHL) are
still unknown. We conducted two consecutive multicenter phase II trials
with up-front, high-dose, sequential chemotherapy and ASCT in poor-
risk aggressive NHL. Both trials had identical inclusion criteria and only
differed in amount and duration of induction treatment before ASCT.

Patients and Methods
Between 1994 and 2001, 147 newly diagnosed, poor-risk aggressive NHL
patients, age (65 years with stage III to IV and lactate dehydrogenase
(LDH) more than 1.5 × upper limit of normal (ULN), entered the Dutch-
Belgian Hemato-Oncology Coorperative Group (HOVON)-27 and
HOVON-40 trials. Treatment in HOVON-27 consisted of two up-front
high-dose induction courses followed by carmustine, etoposide,
cytarabine, and melphalan (BEAM) plus ASCT in responding patients.
In HOVON-40 the same treatment was preceded by three intensified
course of cyclophosphamide, doxorubicin, vincritin, and prednisone
(CHOP).

Results
Patients characteristics in both trials were comparable: 80% had diffuse
large B-cell lymphoma, 77% had stage IV disease, and median LDH
levels were 3.1 × ULN. Complete remission (CR) in both trials was 45% to
51%. Before ASCT, CR was 14% in HOVON-27 versus 28% in HOVON-40
(p=.03). Treatment failure was similar (27%). Four-year survival
estimates in HOVON-27, compared with HOVON-40 were overall
survival, 21% v. 50% (p=.007); event-free survival 15% v. 49% (p=.0001);
disease-free survival, 34% v. 74% (p=.008). This different outcome
favoring HOVON-40 remained highly significant when correcting for
competing risk factors in multivariate analysis.

Conclusion
In patients with poor-risk aggressive NHL, addition of intensified CHOP
before up-front, high-dose, sequential therapy and ASCT significantly
improved the duration of response and survival.
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Introduction

Treatment of patients with poor-risk aggressive non-Hodgkin’s lymphoma (NHL)
requires improvement. Patients with a high-risk score according to the
International Prognostic Index (IPI),1 who are treated with cyclophosphamide,
doxorubicin, vincristin, prednisone (CHOP)-like chemotherapy,2 have a 44%
probability of reaching a complete remission (CR), and only 26% will be alive at
5 years from diagnosis.1

Approximately 40% of young patients who experience relapse more than1
year after first-line treatment can still be rescued by high-dose chemotherapy fol-
lowed by autologous stem cell transplantation (ASCT), provided the disease is
chemotherapy sensitive.3,4 Consequently, high-dose chemotherapy followed by
ASCT has been explored as first-line treatment in young patients with poor-risk,
aggressive lymphoma. On the basis of promising results of ASCT in first remis-
sion,5-8 the Dutch-Belgian Hemato-Oncology Cooperative Group (HOVON)
started a multicenter phase II study in 1994 (HOVON-27) to investigate a strat-
egy of intensive, high-dose, sequential chemotherapy delivered within a rela-
tively short timeframe, and subsequent ASCT in adults with newly diagnosed,
poor-risk, aggressive lymphoma. At the time of closure of this study in January
1999, conflicting results about the efficacy, timing, and optimal treatment sched-
ule of up-front ASCT became apparent.9

Subgroup analysis of LNH87-2, a randomized trial conducted by the French
Groupe d’Etude des Lymphomes de l’Adulte (GELA), indicated that ASCT as
consolidation in poor-risk patients in first CR after full length CHOP-like induc-
tion treatment was more effective than standard treatment alone.10 In addition,
an Italian study showed that short, high-dose, sequential chemotherapy followed
by ASCT was better than standard therapy in poor-risk patients without bone
marrow (BM) involvement.11 In contrast, preliminary data of a subsequent GELA
trial, LNH93-3, yielded conflicting results: standard chemotherapy was better
than short, high-dose, sequential chemotherapy and ASCT in poor-risk
patients.12

These data, combined with disappointing preliminary results of our HOVON-
27 study, suggested no improvement in outcome of short, high-dose, sequential
therapy before up-front ASCT. Therefore, we questioned whether extension of
induction treatment aimed at additional reduction of tumor load before ASCT
might be more efficacious. To that end, we added three dose-dense intensified
CHOP (iCHOP) courses prior to the original HOVON-27 protocol, now referred
to as HOVON-40 study. Because patients were included according to identical
entry criteria and both trials were conducted consecutively by the same HOVON
centers, we present both studies combined to show the remarkable improvement
on outcome by the addition of 3 courses of iCHOP before high-dose, sequential
treatment followed by ASCT.

Up-Front ASCT in Poor-Risk Aggressive NHL
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Patients and methods

Between 1994 and 2001 we conducted two consecutive phase II studies for
patients with poor-risk advanced aggressive NHL: HOVON-27 (December 1994
to January 1999) and HOVON-40 (February 1999 to November 2001). Figure 1
shows an outline of the studies.

Figure 1. Treatment outline protocols HOVON-27 and -40.

Patients
Eligible patients were age 18 to 65 years and had newly diagnosed, untreated,

aggressive NHL according to either the Working Formulation (groups D,E,F,G,H;
HOVON-27) or Revised European-American Lymphoma classification (diffuse
large B-cell lymphoma, follicular lymphoma grade 3, anaplastic large cell lym-
phoma, and peripheral T-cell lymphoma; HOVON-40). All lymphomas were cen-
trally reviewed by P.M.K. and reclassified according to the WHO classification.13

Patients were fully staged, including computer tomography scanning of thorax
and abdomen, and BM biopsy. They were required to have high-risk disease
according to a HOVON risk score (i.e. both Ann Arbor stage III or IV and serum
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lactate dehydrogenase [LDH] >1.5 × the upper limit of normal of the participat-
ing institution). On the basis of the treatment outcome of patients with this com-
bination of risk factors enrolled into a previous HOVON study,14 they were
expected to have survival of only 23% at 5 years when treated with CHOP.
Patients were not eligible if they were HIV seropositive, or had a WHO per-
formance score 3 or 4, CNS lymphoma, concomitant disease, prior malignancy,
or major organ dysfunction not directly related to lymphoma infiltration or
obstruction.

All patients gave informed consent for study participation according to the
regulations of the Dutch health authorities. The study was performed and eval-
uated by HOVON according to the Helsinki agreement. The participating HOVON
institutions and investigators are listed in the Appendix.

Treatment
In HOVON-27, initial treatment consisted of two consecutive high-dose

chemotherapy combinations, induction (course) I and induction (course) II.
Induction I consisted of: cyclophosphamide 1000 mg/m2 every 12 hours on days
1 and 2 (total dose: 4,000 mg/m2), doxorubicin 35 mg/m2 on days 1 and 2 (total
dose 70 mg/m2), and prednisone 100 mg on days 1 through 5. Mesna
(Uromithexan, Baxter International Inc, Halle, Germany) 200 mg/m2 was infused
every 4 hours, starting 10 minutes before and ending 8 hours after the last
cyclophosphamide infusion. As soon as hematological recovery was observed,
induction II was administered, which consisted of: etoposide 250 mg/m2 every 12
hours on days 1 through 4 (total dose 2000 mg/m2), mitoxantrone 30 mg/m2 on
day 1, and prednisone 100 mg on days 1 through 5. Hematological recovery was
defined as an increasing platelet (PLT) and neutrophil count more than 100 ×
109/L and more than 1.0 × 109/L, respectively. After each induction course,
patients received 5 µg/kg granulocyte colony-stimulating factor (Filgrastim;
Amgen, Thousand Oaks, CA) subcutaneously daily from day 5 until neutrophil
count reached at least 0.5 × 109/L for 2 consecutive days.

Peripheral blood stem cells were harvested and cryopreserved, preferably
after induction I or otherwise after induction II according to standard institu-
tional procedures, provided the BM no longer contained lymphoma on histologic
examination. No CD34+ selection or purging was performed.

Patients attaining at least a partial response (PR) after induction II, with a col-
lection of at least 2.5 × 106 CD34+ cells/kg, subsequently received high-dose ther-
apy and ASCT. High-dose chemotherapy consisted of carmustine 300 mg/m2 on
day -6, etoposide 100 mg/m2 and cytarabine 100 mg/m2 every 12 hours on day -
5 through -2, and melphalan 140 mg/m2 on day -1 (BEAM). Stem cells were rein-
fused on day 0. Patients received hematological supportive care, including vig-
orous hydration, allopurinol, irradiated PLT and RBC transfusions, prophylactic

Up-Front ASCT in Poor-Risk Aggressive NHL
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oral antibacterial and antifungal treatment, and immediate treatment with intra-
venous broad-spectrum antibiotics and/or intravenous antifungal treatment in
case of fever and/or documented or suspected infection occurred, according to
guidelines of the participating institution. Patients with bulky disease at pres-
entation could be treated with involved field radiotherapy on PR sites after recov-
ery from ASCT at the discretion of each center. No further maintenance therapy
was given.

In study HOVON-40, patients were first treated with three courses of iCHOP,
prior to treatment as described for the HOVON-27 trial. iCHOP consisted of:
cyclophosphamide 1,000 mg/m2, doxorubicin 70 mg/m2, and 2 mg vincristine on
day 1; and 100 mg prednisone for 5 consecutive days. Granulocyte colony-stim-
ulating factor 5 µg/kg was given on days 2 through 11 of each cycle of iCHOP.
Cycles were administered every 2 weeks. The first iCHOP course was adminis-
tered at 100% dose, irrespective of blood cell counts. If WBC counts and/or PLT
counts on day 15 after the preceding iCHOP course were less than 3 × 109/L
and/or 100 × 109/L, respectively, the following iCHOP course was delayed for one
week and the subsequent dose of cyclophosphamide and doxorubicin was atten-
uated based on the actual counts as follows: WBC more than 3 × 109/L and PLT
more than 100 × 109/L, 100% dose; WBC 2 to 3 × 109/L and PLT more than 100 ×
109/L, 75% dose; WBC 1 to 2 × 109/L or PLT 50 to 100 × 109/L, 50% dose; WBC less
than 1 × 109/L or PLT less than 50 × 109/L, 0% dose. Dose modifications for vin-
cristine were made if neurotoxicity occurred at the discretion of the treating
physician. Stem cells were collected from the peripheral blood during iCHOP
treatment as soon as possible, provided the BM was free of lymphoma, as con-
firmed by histologic examination. Only patients with a documented response of
at least 25% after three courses of iCHOP continued with high-dose sequential
treatment as described for the HOVON-27 trial. Patients attaining at least a PR
after induction II, with a collection of at least 2.5 × 106 CD34+ cells/kg, continued
with BEAM and ASCT.

Response to treatment and toxicity
Tumor response was assessed after three iCHOP (HOVON-40), induction II,

ASCT, and after additional radiotherapy (if administered) according to staging
procedures described at diagnosis. Responses were classified as CR (including
unconfirmed CR), PR, stable disease, or progressive disease according to the
International Workshop Criteria.15 In addition, a minimal response after three
iCHOP courses, which qualified the patient for continuation of protocol treat-
ment (HOVON-40), was arbitrarily defined as a regression in size of all measur-
able lesions of at least 25% in the absence of new lesions. Patients attaining less
than a minimal response after three iCHOP courses or less than PR after induc-
tion II discontinued protocol treatment and were considered to have experienced
treatment failure.
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All toxicity, except nausea and hair loss, was graded according to the National
Cancer Institute Common Toxicity Criteria grading system. Hematologic toxic-
ity after high-dose treatment and ASCT was assessed separately.

Statistical analysis
The data were analyzed as of August 2004. Patient characteristics were com-

pared between the two treatment protocols using the Pearson chi-squared or the
Fisher’s exact test, whichever was appropriate for discrete variables, or the
Wilcoxon rank-sum test for continuous variables. Study end points were CR rate,
response rate (CR + PR), event-free survival (EFS), disease-free survival (DFS)
and overall survival (OS). EFS was defined as the time from start of treatment,
to progression, relapse or death from any cause, whichever came first; patients
without progression or relapse who were still alive, were censored at the date of
last contact. DFS was defined as the time from documented first CR on protocol
until relapse. OS was defined as the time from the start of treatment to death as
a result from any cause; patients still alive were censored at the date of last con-
tact.15

The Kaplan-Meier method was used to estimate EFS, DFS and OS, and 95%
CIs were calculated. The log-rank test was used to compare survival curves
between both trials.

The proportion of patients achieving CR on protocol in both trials was com-
pared using logistic regression. Univariate logistic regression was used to ana-
lyze differences in CR rate between subgroups according to patient characteris-
tics at diagnosis.

Explorative univariate and multivariate survival analyses with Cox regression
were performed to investigate differences in survival between subgroups includ-
ing the following variables in univariate analysis: sex, age (continuous as well
as ≤60 v. >60 years), WHO performance status (≤1 v. >1), B symptoms, Ann Arbor
stage (III v. IV), bulky disease (>10 cm diameter), BM involvement, number of
extranodal sites (0 to 1 v. ≥2), and age-adjusted IPI (high-intermediate v. high).
Treatment protocol (HOVON-27 v. HOVON-40), age (continuous), WHO per-
formance status, Ann Arbor stage and number of extranodal sites were also
included in the multivariate analysis.

All reported p values are two-sided and a significance level α=.05 was used.

Results

Patient characteristics
Between December 1994 and January 1999, we enrolled 66 patients onto

HOVON-27 and between February 1999 and October 2001, we enrolled 81
patients onto HOVON-40.

Up-Front ASCT in Poor-Risk Aggressive NHL
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Table 1. Patient characteristics.

HOVON-27 HOVON-40
Characteristic # Patients % # Patients % P

Total 66 100 81 100
Gender .86
– Female 30 45 38 47
Age (median) 49 52 .62
– (range) (15-64) (18-65)
– No. >60 years 7 11 9 11 .92
Histology .54
– Diffuse large B-cell lymphoma 50 76 67 83
– Follicular lymphoma grade 3 6 9 3 4
– Anaplastic large cell lymphoma 6 9 4 5
– Peripheral T-cell lymphoma 3 5 5 6
– Unclassified 1 2 2 2
Ann Arbor stage .78
– III/IV 15/51 23/77 20/61 25/75
Bulky disease (≥10 cm) 30 45 27 33 .17
B-symptoms 52 79 66 81 .68
LDH / ULN* (median) 3.2 3.0 .27
– (range) (0.5-59.2)* (1.5-18.0)
Extranodal involvement
– Bone marrow involvement 24 36 26 32
– Liver 21 32 16 20
– Gastrointestinal tract 13 20 4 5
– Lung/pleural 10 15 5 6
– Other e-sites 21 32 37 46
No. of Extranodal sites involved .13
– 0 14 21 20 25
– 1 21 32 35 43
– ≥2 31 47 26 32
WHO performance score .04
– 0-1 43 65 65 80
– 2** 23 35 16 20
Age-adjusted IPI score .06
– High-intermediate (2)/High (3) 44/22 67/33 65/16 80/20

* Serum LDH expressed as fraction of upper limit of normal (ULN). All patients except one (in
HOVON-27) had LDH >1.5 ULN; ** 3 patients in HOVON-27 had performance score 3.
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Except for small differences in performance status and number of extranodal
sites, there were no significant differences in clinical or pathologic characteris-
tics between both patient groups (Table 1). Central pathology was completed in
93% of patients; the great majority were diffuse large B-cell lymphoma. Median
age was 50 years (range, 15 to 65 years) with a minority (11%) older than 60 years.
In accordance with the entry criteria, LDH levels were strongly elevated, with a
median of 3.1 × the upper limit of normal. Extranodal involvement occurred in
77%; BM involvement occurred in 34%. Poor performance status (WHO >1) was
observed in 35% in HOVON-27 versus 20% in HOVON-40 (p=.04). This also
accounts for the slightly higher percentage of age-adjusted (aa)-IPI grade 3 in
HOVON-27 (33%) as compared to HOVON-40 (20%; p=.06). All patients had an
aa-IPI risk score of at least 2.

Treatment and response
Treatment including ASCT was completed by two thirds of the patients (Table

2). Additional radiotherapy was given to a minority of the patients (22%).

Table 2. Treatment and best response on protocol.

HOVON-27 HOVON-40
Treatment and response # Patients % # Patients %

Total 66 100 81 100
Treatment received
– I-CHOP - - 81 100
– Induction-I 66 100 67 83
– Induction-II 61 92 62 77
– BEAM+ASCT 43 65 55 68
– Radiotherapy* 11 17 21 26
Response on protocol
– Complete response** 30 45 41 51

- After iCHOP – – 8 10
- After Induction II 9 14 23 28
- After ASCT 26 39 34 42

– Partial Response 19 29 25 31
– No response 13 20 13 16
– Response not assessable*** 4 6 2 2

* Radiotherapy was optional (see patients and methods); ** Including radiotherapy; *** Infectious
complications during induction I (n=1) or iCHOP-1 (n=2), persistent thrombocytopenia after induc-
tion I (n=1), heart failure (n=1), allogeneic stem cell transplantation (n=1). 
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The CR rates were 45% (HOVON-27) and 51% (HOVON-40; Table 2). Although
the difference in response to overall protocol treatment between both trials was
not significant, the fraction of patients with CR before starting ASCT was twice
as large in HOVON-40 (28%) compared with HOVON-27 (14%; p=.03). Treatment
failure was the major reason for discontinuing protocol treatment, and occurred
in 27% (HOVON-27) and 26% (HOVON-40) of patients (Table 3).

Table 3. Reasons why patients discontinued protocol treatment.

HOVON-27 HOVON-40
# Patients % # Patients %

Total on protocol 66 100 81 100
Reasons patients discontinued 
protocol treatment
– Protocol completion* 38 58 48 59
– Treatment failure 18 27 21 26

- <25% response after 3 iCHOP – – 9 11
- <PR after induction-II 10 15 8 10
- Progression at ASCT 8 12 4 5

– Toxicity 4 6 5 6
– Early death 2 4 2 2
– Protocol violation/Other 4 6 5 6

* Excluding radiotherapy. 

Stem cell collection
Stem cells were collected in 54 (82%; HOVON-27) and 65 patients (80%;

HOVON-40). In HOVON-27, stem cells were collected in one procedure after
induction I in 34 (63%) or induction II in 20 patients (37%), yielding a median of
8.5 (range, 0.1 to 86.7 × 106) CD34+ cells/kg; in HOVON-40, stem cells were col-
lected during iCHOP in 28 (43%), after induction I in 35 (54%), or induction II in
two patients (3%), yielding a median of 4.7 (range, 0.4 to 45.6 × 106) CD34+ cells/kg
in one procedure. Additional peripheral blood or bone marrow stem cells were
harvested in six patients, three in each trial. In one patient only BM stem cells
were collected.

Toxicity
iCHOP treatment was well tolerated and could be administered on schedule

on an outpatient basis. As expected, substantial hematological and non-hema-
tological toxicities were observed after induction I, II and BEAM. No significant
differences were observed between both trials. Substantial mucositis, often
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necessitating parenteral nutrition, was the most frequent nonhematological tox-
icity during intensive treatment. Pooled results for all reported non-hematolog-
ical toxicities grade 3 to 4 (Table 4), and hematological toxicity and transfusions
are presented (Table 5).

Table 4. Non-hematological toxicity grades 3 and 4 according to treatment
course; pooled results from protocols HOVON-27 and HOVON-40.

Percentage of patients experiencing toxicity*

iCHOP* Induction I Induction II ASCT 
(n=81) (n=133) (n=123) (n=98)

Toxiciy CTC grade** 3 4 3 4 3 4 3 4

Oral (mucositis) 1 0 8 2 22 8 25 11
Cutaneous/Allergy 1 0 0 0 1 0 1 0
Liver 2 0 1 2 2 2 3 2
Hemorrhage 1 0 0 0 2 0 1 0
Diarrhea 0 1 3 0 4 0 10 1
Renal 0 0 2 1 1 0 1 1
Cardial 1 2 1 1 2 0 5 2
Neurotoxicity 1 0 2 0 1 0 2 1
Other 14 1 6 2 6 2 10 5
Infections (WHO grade) 25 6 18 1 29 3 29 4

* iCHOP in HOVON-40 only, total number of cycles 235; ** Nausea, vomiting and hair loss excluded.

Table 5. Hematological toxicity and transfusions; pooled results from protocols
HOVON-27 and HOVON-40.

iCHOP* Induction I Induction II ASCT 
(n=81) (n=133) (n=123) (n=98)

Transfusions median (range)
– Platelet transfusions** 0 (0-21) 1 (0-15) 2 (0-72) 3 (0-51)
– RBC transfusions*** 2 (0-24) 4 (0-29) 4 (0-39) 4 (0-63)
Days to recovery median (range)
– Neutrophils >0.5 × 109/L 0 (0-27) 14 (11-27) 17 (0-47) 15 (6-58)
– Platelets >20 × 109/L 0 (0-32) 15 (0-48) 17 (0-139) 14 (6-160)
– Platelets >100 × 109L 0 (0-36) 20 (0-85) 26 (14-363) 41 (9-679)

* iCHOP in HOVON-40 only, total number of cycles 235; ** × 5 donor units; *** × 1 donor unit.

Six patients (9%) in HOVON-27 and five patients (6%) in HOVON-40 died as a
result of treatment-related causes.
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A. OS

B. EFS

C. DFS

Figure 2A, 2B and 2C. Overall (OS), event-free (EFS), and disease-free survival
(DFS) in HOVON-27 and -40. N, number of patients at risk; D/E, number of events.
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Survival
With a median follow-up of patients still alive in HOVON-27 of 83 months

(range, 50 to112 months) and in HOVON-40 of 34 months (range, 13 to 59
months), 53 (80%) and 40 (49%) patients, respectively, have died; NHL was the
cause in 85% and 80% of deaths, respectively. Highly significant differences in the
estimated OS, EFS and DFS rates were observed. The 4-year actuarial estimates
for patients in HOVON-27, as compared with HOVON-40 were OS, 21% (95% CI,
12% to 32%) versus 50% (95% CI, 37% to 61%; log-rank p=.007); EFS, 15% (95% CI,
8% to 25%) versus 49% (95% CI, 38% to 59%; p=.0001); and DFS 34% (95% CI, 17%
to 51%) versus 74% (95% CI, 58% to 85%; p=.008). The corresponding Kaplan-
Meier curves are depicted in Figure 2A, 2B and 2C.

Prognostic factors
In univariate analysis, WHO performance status more than 1 was the only

factor associated with a lower CR rate (odds ratio, 0.45; 95% CI, 0.21 to 0.97;
p=.043), but this was no longer significant in multivariate analysis.

In univariate Cox regression analysis, treatment according to protocol
HOVON-40 was associated with better outcome for all survival endpoints as
described in the previous section. Increased age, and BM involvement were asso-
ciated with shorter OS. WHO performance more than 1 and BM involvement
were adverse prognostic factors for EFS; higher age and BM involvement were
adverse prognostic factors for DFS.

In multivariate analysis HOVON-40 remained a statistically significant strong
prognostic factor for EFS, DFS and OS (Table 6).

Table 6. Multivarate cox regression analysis of risk factors for event-free and
overall survival.

Event-free survival Overall survival

Risk factor N HR 95% CI P HR 95% CI P

HOVON-27 trial 66 1 1
HOVON-40 trial 81 0.49 0.33-0.74 0.001 0.59 0.38-0.90 0.01

Age (per year) 147 1.01 1.00-1.03 0.13 1.02 1.00-1.04 0.02
PS WHO 0-1 108 1 1
PS WHO ≥2 39 1.55 1.00-2.42 0.05 1.34 0.91-2.30 0.12
Stage III 35 1 1
Stage IV 112 1.54 0.91-2.62 0.11 1.31 0.80-2.24 0.24
E-sites 0-1 90 1 1
E-sites ≥2 57 0.78 0.49-1.22 0.27 0.85 0.51-1.30 0.50
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Discussion

These consecutive studies highlight the importance of a robust induction treat-
ment prior to up-front ASCT in patients with poor-prognosis aggressive NHL.
Addition of three courses of iCHOP to sequential high-dose induction therapy
before ASCT in our HOVON-40 protocol resulted in a higher fraction of patients
in CR before ASCT and, more importantly, in a highly significant improvement
of all survival end points.

Although the present study was not a controlled, randomized trial, charac-
teristics of patients in trials HOVON-27 and HOVON-40 were highly compara-
ble, and both trials were conducted consecutively in the same HOVON centers.
The only difference was the addition of three courses of iCHOP as preinduction
treatment in HOVON-40. Thus, short of randomization and duration of follow-
up, these studies were well qualified for comparison of treatment outcome, and
results remained independently affected by treatment when corrected for risk
factors and observation time in multivariate analysis.

Outcome in trial HOVON-27, consisting of only two courses of high-dose
therapy before BEAM and ASCT was clearly disappointing. Although one could
ask whether these results could be even worse than what might be expected of
standard CHOP treatment, the outcome of patients in HOVON-27 was identical
to a cohort of 52 patients with similar risk factors in a previous HOVON-3 study.14

The failure to improve upon standard CHOP treatment in trial HOVON-27
might be related to (or be a combination of): a relatively high percentage of
patients with intrinsically chemo-resistant disease reflected by 27% primary treat-
ment failures; a rather late tumor response reflected by a CR fraction of only 14%
after induction versus 39% after ASCT; and a poor quality of CR with a 4-year DFS
of only 34%.

The rationale of high-dose sequential treatment in poor-risk, aggressive NHL
is to overcome chemo-resistance by rotating a succession of drugs administered
at high dosages, in a tight schedule, as shortly after one another as possible. A
sequential high-dose regimen followed by ASCT as designed by Gianni et al.,11

showing superior results to standard dose MACOP-B, seemed proof of principle
of this concept. However, neither the GELA,12 nor this study (HOVON-27) could
confirm these results with a similar strategy. The distinction between high-dose
sequential therapy and standard therapy as induction regimen before ablative
therapy and ASCT, as well as the relative merits of these strategies, are still not
clear. Full-length standard CHOP-like therapy followed by ASCT was not supe-
rior to standard CHOP-like therapy for unselected patients with aggressive NHL
in randomized trials conducted by GELA,16 the Italian Non-Hodgkin Lymphoma
Group,17 and the European Organization for Research and Treatment of Cancer.18

Retrospective subgroup analysis of both the LNH87-2 GELA trial and the Italian
study, however, indicated a benefit of ASCT for patients with aa-IPI risk 2 to 3
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who completed standard induction therapy,17,19 but this could not be confirmed
in the European Organization for Research and Treatment of Cancer study.18

Abbreviated standard chemotherapy followed by ASCT is not superior to full-
length standard therapy,14,20,21 wheras abbreviated high-dose chemotherapy
yielded even inferior results in aa-IPI 2 to 3 patients.12 In contrast, the Groupe
Ouest-Est des Leucemies et des Autres Maladies du Sang (GOELAMS) reported
an improved EFS for high-dose therapy with ASCT compared wiht standard
CHOP in patients with aa-IPI 0 to 2, but improved survival was restricted to aa-
IPI 2 patients only.22 Of note, the induction treatment in the ASCT arm of this trial
consisted of only two dose-dense courses of a CHOP-like regimen cyclophos-
phamide, epirubicin, vindesine, prednisone. Given the good results, the rela-
tively low dose of cyclophosphamide and the absence of high dose etoposide in
the GOELAMS study is remarkable compared with the dosage of these drugs in
the Milan11 and HOVON protocols.

In HOVON-40 we prolonged the induction phase and incorporated a higher
cumulative dose of cyclophosphamide and doxorubicin; we expected better out-
come by increasing the CR rate before ASCT and improving the quality of CR.
The addition of three iCHOP courses not only doubled the fraction of patients in
CR before ASCT, but also improved the quality of CR as reflected by an increased
4-year DFS from 34% in HOVON-27 to 74% in HOVON-40. Although this study
does not answer the question whether treatment with up-front ASCT is neces-
sary in high-risk patients, these results strongly support the notion that up-front
ASCT is probably more successful in patients having reached a CR after an ade-
quate amount of induction therapy.

However, one in every fourth patient had primary refractory disease, and
this apparently could not be overcome by increasing the dose or shortening the
time interval of chemotherapy, because these results were not different between
HOVON-40 (26%) and HOVON-27 (27%). Chemotherapy refractoriness is prob-
ably inherent to the selection of patients with advanced-stage, aggressive NHL,
and strongly elevated LDH levels in our studies, and remains an important issue
to address in the development of new treatment strategies for these poor-risk
patients. Anti-CD20 monoclonal antibodies (rituximab) administered in combi-
nation with CHOP significantly reduce the risk of treatment failure in elderly
patients with diffuse large B-cell lymphoma.23 Similar results have been observed
in the North-American Intergroup study,24 and also in the recently reported Mint
trial in young patients.25 These observations, and the absence of clinically sig-
nificant toxicity, make rituximab an obvious candidate for combination with high-
dose treatment such as the HOVON-40 protocol. Future clinical trials comparing
full-length rituximab plus CHOP-like therapy to a HOVON-40-like high-dose
scheme with rituximab are needed to analyze the additional contribution of up-
front ASCT after optimal intensive induction therapy in poor-risk diffuse large
B-cell lymphoma patients.
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Appendix

Participating Dutch (NL) and Belgian (B) hospitals (physicians) in HOVON
trials 27 and 40:
NL-Zwolle-Isala Clinics, location Sophia (M. van Marwijk Kooy), 
NL-Nieuwegein-Sint Antonius Hospital (D.H. Biesma), 
NL-Maastricht-University Hospital Maastricht (H.C. Schouten), 
NL-Den Haag-Leyenburg Hospital (P.W. Wijermans), 
NL-Amsterdam-Slotervaart Hospital (M. Soesan), 
NL-Sittard-Maasland Hospital (F.L.G. Erdkamp), 
NL-Enschede-Medical Spectrum Twente (M.R. Schaafsma), 
NL-Amersfoort-Meander Medical Center (M.H.H. Kramer), 
NL-Amsterdam-Antoni van Leeuwenhoek Hospital (J.W. Baars), 
NL-Rotterdam-Erasmus MC-DDHK (M.B. van’t Veer), 
NL-Groningen-Groningen University Hospital (G.W. van Imhoff), 
NL-Nijmegen-University Medical Center Nijmegen St. Radboud (M.A. 

MacKenzie), 
NL-Utrecht-University Medical Center Utrecht (L.F. Verdonck), 
NL-Amsterdam-VU Medical Center (G.J. Ossekoppele), 
NL-Amsterdam-Amsterdam Medical Center (J. van der Lelie), 
NL-Leiden-Leiden University Medical Center (R. Willemze), 
NL-Rotterdam-Erasmus MC (P. Sonneveld), 
B-Leuven-University Hospital Leuven Gasthuisberg (L. Vandenberghe), 
NL-Amstelveen-Amstelveen Hospital (G.J. Timmers).
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Optimal dose and timing of CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) chemotherapy for aggressive non-Hodgkin’s
lymphoma (NHL) is still an unresolved issue. We assessed whether dose
intensifications with cyclophosphamide and doxorubicin, might improve
the cure rate in younger patients with intermediate-risk aggressive
NHL. 

Previously untreated patients were assigned to receive either 8 courses
of standard CHOP (n=239) or 6 courses of Intensified (I)-CHOP (n=238).

Although there was a tendency in favour of I-CHOP for overall survival
(OS), disease-free survival (DFS), and event-free survival (EFS), the
differences were not significant. However, although these analyses were
not planned, when patients were grouped according to the International
Prognostic Index (IPI), low-intermediate risk patients treated with 
I-CHOP had improved 6 year OS (67% versus 52%; hazard ratio, 0.67;
95% CI 0.46-0.99; p=. 05), DFS (58% versus 45%; hazard ratio, 0.61; 95%
CI 0.37-1.02; p=.06), EFS (41% versus 30%; hazard ratio, 0.90; 95% CI,
0.72 to 1.14; p=.21) compared with patients treated with CHOP-21. In
contrast, high-intermediate risk patients had no benefit of I-CHOP.
Although clinically relevant side-effects occurred more often in the 
I-CHOP arm, treatment-related mortality was similar. 

These data suggest that I-CHOP is preferable to standard CHOP as the
chemotherapy regimen in younger patients with low-intermediate risk
aggressive NHL.

Introduction

Improvement of cure in patients with aggressive non-Hodgkin’s lymphoma
(NHL) by optimizing up-front chemotherapeutic regimens has been the subject
of many trials for almost three decades. Despite many efforts, however, the first
generation regimen CHOP-21 (cyclophosphamide, doxorubicin, vincristine, pred-
nisone, given every 3 weeks), developed in 1976, still is the best available
chemotherapy regimen.1 Approximately 45% of all patients with advanced stages
of aggressive NHL will be cured by CHOP-21 or by the other so called ‘second and
third generation regimens’, characterized by the addition of more different cyto-
toxic drugs to the CHOP backbone.1,2Recently, the addition of Rituximab, the
monoclonal antibody against the CD20 B-cell antigen, to CHOP-21, has shown
substantially improved outcome of patients with aggressive B-cell NHL.3,4

Cyclophosphamide and doxorubicin are the most important cytotoxic drugs
in the treatment of aggressive NHL.5,6 Because the dose intensity in the second
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and third regimens of both cyclophosphamide and doxorubicin is similar, or even
lower, as compared with CHOP-21, failure to improve outcome in aggressive
NHL with these regimens might solely have been the result of this property.

Therefore, the Dutch-Belgian Hemato-Oncology Cooperative Group
(HOVON) decided in 1994 to study whether doubling of the dose intensity of
cyclophosphamide and doxorubicin in the CHOP-21 regimen, without changing
cumulative dose, by reduction of treatment intervals from three to two weeks
and increasing their fractional dose (the intensified(I-)CHOP regimen), might
improve outcome in patients with aggressive NHL.

At the time we initiated this study, clinical risk factors had been character-
ized by HOVON that could identify patients with aggressive NHL with a low-,
intermediate-, or high-risk profile with corresponding cure rates of approxi-
mately 70%, 40% and 20%, respectively, based on data from our previous study.7

We concluded from these data that patients with a high-risk profile might need
other experimental approaches than CHOP-21 because of the dismal prognosis,
whereas patients with a low-risk profile had relatively fair outcomes with this
regimen. Therefore, this multicenter, randomised study comparing I-CHOP with
CHOP-21 was designed for patients with intermediate- risk aggressive NHL
according to the HOVON risk criteria, also the largest cohort of patients with
aggressive NHL.

Patients and methods

Patients
Between November 1994 and February 2004 a total of 513 patients with pre-

viously untreated aggressive NHL according to the intermediate or high-grade
Working Formulation8 groups (D, E, F, G, H) and an intermediate-risk profile
according to the HOVON criteria (see below) were included in the study
(HOVON-26 study). Patients with lymphoblastic and Burkitt (like) NHL (groups
I, J) were excluded. Eligible patients were between 16 and 65 years old and were
fully staged, including computed tomography scanning of thorax and abdomen,
bone marrow biopsy and other investigational procedures according to clinical
symptoms. Patients were excluded if they had CNS lymphoma, positive HIV
serology, a history of low-grade NHL, major organ dysfunctions not directly
related to NHL, prior malignancy except in situ cervix carcinoma or skin carci-
noma, prior chemotherapy or radiotherapy, or a WHO performance score of 3 or
4 (not related to the NHL).

Central pathology review was performed by D.J. and lymphomas were reclas-
sified according to the WHO (World Health Organization) classification.9

Intermediate-risk profile was defined according to HOVON criteria as either
stage II disease with serum lactate dehydrogenase (LDH) level > 1.5 × the upper
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limit of normal (ULN) of the participating center, or as stage III or IV disease
with LDH < 1.5 × ULN.7 At the time the HOVON-26 study was designed, the
International Prognostic Index (IPI) score was not yet in use.10 The intermedi-
ate-risk profile according to HOVON criteria corresponds almost perfectly to the
combined low-and high-intermediate risk groups of the age-adjusted (aa-)IPI.
Because, currently, the IPI risk score is generally used in aggressive NHL,
patients were also classified retrospectively according to the aa-IPI for the pur-
pose of this report.

The study was conducted in accordance with the Helsinki declaration. The
protocol was approved by the ethics review committee of each participating cen-
ter and all patients gave informed consent for study participation.

Treatment protocol
Standard treatment, the CHOP-21 regimen, consisted of cyclophosphamide

(750 mg/m2 intravenously), doxorubicin (50 mg/m2 intravenously), vincristine (2
mg intravenously) on day 1, and prednisone (100 mg orally) given on days 1 to
5. Patients were treated every 3 weeks for 8 cycles. Experimental treatment, the
I-CHOP regimen, consisted of cyclophosphamide (1000 mg/m2 intravenously),
doxorubicin (70 mg/m2 intravenously), vincristine (2 mg intravenously) on day
1, and prednisone (100 mg orally) given on days 1 to 5. Granulocyte colony-stim-
ulating factor (G-CSF; Filgrastim, Amgen, Thousand Oaks, USA), 5 µg/kg, was
given subcutaneously from days 2 to 11 in the I-CHOP arm only. Patients were
treated every 2 weeks for 6 cycles. The treatment design was intended to offer the
same total amount of cyclophosphamide and doxorubicin in 12 weeks of I-CHOP
as compared to 24 weeks of CHOP-21, thus doubling dose-intensity without
increasing cumulative dose. The first CHOP-21 or I-CHOP cycle was adminis-
trated at 100% dose, irrespective of blood cell counts. The next chemotherapy
cycles, both in CHOP-21 and in I-CHOP, were administered at 100% when WBC
counts were ≥3 × 109/l and PLT counts were ≥100 × 109/l. If blood cell counts were
below these values, the next cycle was delayed from 2 to 7 days. If blood cell
counts were still below these values, the dose of cyclophosphamide and doxoru-
bicin was attenuated based on the actual counts as follows:

WBC 2-3 × 109/l and PLT > 100 × 109/l, 75% dose; WBC 1-2 × 109/l or PLT 50-
100 × 109/l, 50% dose; WBC < 1 × 109/l or PLT < 509/l, 0% dose.

Dose modifications for vincristine were only made if neurotoxicity occurred
and this was at the discretion of the treating physician.

Dose Intensity
Dose intensity (mg/m2/week) and total dose (mg/m2) of cyclophosphamide

and doxorubicin, as intended to be delivered to the patients in both CHOP-21
and I-CHOP, are shown in Table 1.
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Table 1. Dose intensity (DI) and total dose (TD) median (and range) of
cyclophosphamide and doxorubicin as planned and actual administered in
CHOP-21 and I-CHOP. 

Regimen* Dose intensity (mg/m2/week) Total dose (mg/m2)

Cyclo* Doxo Cyclo Doxo

Planned dose
CHOP-21 250 17 6000 400
I-CHOP 500 35 6000 420
Administered dose
CHOP-21 (median) 243 16.2 5966 398 
– (range) (139-267) (9.3-17.8) (417-6461) (28-428)
I-CHOP (median) 463 32.3 5984 415 
– (range) (155-532) (10.4-37.4) (1000-7544) (71-561)

* Cyclo = Cyclophosphamide; Doxo = Doxorubicin

Actual treatment duration was calculated as the number of weeks between day
1 of the first CHOP cycle until day 22 of the last CHOP cycle in the CHOP-21 arm
and between day 1 of the first I-CHOP cycle until day 15 after the last I-CHOP
cycle in the I-CHOP arm. Actual dose intensity of the delivered cytotoxic drugs
was measured as the median of the actual delivered dose of the drug per meter
square of body-surface per week over actual treatment duration (mg/m2/week).
The calculation of the actual dose intensity was based on the article of Hryniuk
et al.11

Assessment of response and toxicity
All patients were restaged after three and eight cycles of CHOP-21, and after

three and six cycles of I-CHOP. This included tumor response evaluation of all
involved sites by appropriate methods. Tumor responses were classified as com-
plete remission (CR, including unconfirmed CRu), partial remission (PR), stable
disease, or progressive disease according to the International Workshop
Criteria.12

Patients went off protocol treatment if response after three cycles of CHOP-
21 or I-CHOP was less than PR , if there was progression/relapse of disease dur-
ing treatment, when the patient declined to continue, or at the discretion of the
treating physician in case of intercurrent disease or excessive toxicity.

All non-hematologic toxicities, except hair loss, were graded according to the
WHO Common Toxicity Criteria.

I-CHOP plus G-CSF compared with CHOP-21 in Intermediate-Risk Aggressive NHL
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Statistical analysis
The calculation of the required number of patients to be included in the study

was based on the CR rate and overall survival, both primary endpoints. Disease-
free survival (DFS) and event-free survival (EFS) were secondary endpoints. In
five to seven years, 500 patients were expected to enter the study. Given this
number of patients, a two-sided significance level of α=0.05 and a power of 1-
ß=0.80, an increase in CR rate of 12% (from 65% to 77%) could be detected. Around
130 events were needed to detect a similar difference in Overall Survival (OS).

Random assignments were done, stratified by hospital, with a minimization
procedure in which the probability of allocation to the arm with the lowest num-
ber of patients increased gradually from 0.5 to 1.0 with the size of the calculated
imbalance. The data were analyzed according to the intention-to-treat principle
(all eligible patients were analyzed according to the treatment arm they were
assigned to).

Patients characteristics were compared between the two treatment arms
using Pearson’s χ2 in case of discrete variables, or the Kruskal-Wallis test in case
of ordinal or continuous variables. OS was measured from the date of randomiza-
tion until death. Patients still alive at the date of last contact were censored. EFS
was measured from random assignment until there was progression, relapse or
death from any cause, whichever came first. DFS was calculated from date of CR
until relapse or death from any cause. Death during therapy or within one month
after the end of therapy from causes other than NHL was classified as treatment-
related death.

OS, EFS, and DFS were estimated by the Kaplan-Meier method. Kaplan-
Meier curves were generated to illustrate differences between the two treatment
arms, and the log rank test was used to compare the survival curves. Logistic
regression was used to analyze differences in CR rate between subgroups with
respect to patient characteristics at registration. Furthermore, survival analysis
was performed with Cox regression to determine differences in survival between
subgroups.

At the final analysis, subgroup analyses of DLBCL patients and of patients
with low-intermediate and high-intermediate risk groups according to the aa-
IPI score (upper age limit 65 years) were also done.

The following variables were included in the analysis of prognostic factors:
treatment arm, sex, age at registration (continuous), WHO performance status (0
versus 1 versus 2-4), stage (Ann Arbor II versus III/IV), extra nodal sites involved
(none versus one versus more than one), B-symptoms (yes versus no), bulky dis-
ease (tumor >10 cm), bone marrow involvement (yes versus no), and a logarith-
mic transformation of LDH/ULN (log transformation because of non-normal dis-
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tribution of LDH). All analyses of prognostic factors were performed while adjust-
ing for arm and aa-IPI score.

A small percentage of values of some prognostic factors were missing (rang-
ing from 0.2% to 2.3%).They were imputed by means of an Expectation-maxi-
mization algorithm.

An interim analysis was planned and performed after 100 patients were
evaluable in both arms to exclude large differences in outcome and to ensure
that toxicity was acceptable.

All reported p values are two-sided, and a significance level of α=0.05 was
used.

Figure 1. Flow diagram of 513 patients with NHL by treatment arm.
Per treatment arm, the number of patients who received specific induction treatment and
the number of patients who went off protocol and the reasons for going off protocol are
shown. R indicates randomization.
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Table 2. Patient characteristics.

Characteristic CHOP-21 I-CHOP
N=239 (%) N=238 (%)

Gender
– Male 135 133
Age (median) 50 50
– (range) (16-65) (16-65)
– ≤60 210 205
– >60 29 33
Histologic findings, according to WHO
– Not reviewed 35 (15) 38 (16)
– Reviewed 204 (85) 200 (84)

- Diffuse large B-cell lymphoma 126 (62) 133 (67)
- Mantle cell lymphoma 21 (10) 14 (7)
- Mediastinal B-cell lymphoma 1 1
- Follicular lymphoma, grade 3 18 (9) 15 (8)
- Follicular lymphoma, grade 1-2 14 (7) 12 (6)
- Small lymphocytic lymphoma 1 2 (1)
- Aggressive B-cell lymphoma, unspecified 5 (2) 6 (3)
- Peripheral T-cell lymphoma 1 5 (3)
- Angioimmunoblastic T-cell lymphoma 4 (2) 3 (2)
- Unclassifiable T-cell 2 (1)
- Anaplastic large cell lymphoma 11 (5) 9 (5)

WHO performance score
– 0 139 (58) 118 (50)
– 1 83 (35) 84 (35)
– 2 8 (3) 22 (9)
– 3 3 3
– 4 1 0
– unknown 5 11
LDH/ULN
– <1.5 × ULN 194 (81) 206 (87)
– ≥1.5 × ULN 45 (19) 32 (13)
LDH > ULN
– Present 111 (46) 110 (46)
Stage
– II 44 (18) 32 (13)
– III 90 (38) 78 (33)
– IV 105 (44) 128 (54)
B-symptoms
– Present 88 (37) 103 (44)
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Extranodal sites
– >1 46 (19) 42 (18)
Bulky disease, ≥10 cm, present 52 (22) 51 (21)
Age-adjusted IPI score (≤65 years)
– Low-intermediate 165 (69) 145 (61)
– High-intermediate 69 (29) 83 (35)
– High 5 (2) 10 (4)

LDH = lactate dehydrogenase; ULN = upper limit of normal; IPI = International Prognostic Index.

Results

Patients
This study was conducted at 70 centers. A total of 513 patients were enrolled

in the study of whom 35 patients were found to be not eligible because they did
not fulfil the entry criteria, mainly because they did not belong to the interme-
diate risk group, because they had concomitant malignancy (e.g. prostate carci-
noma) or a different diagnosis was given. At July 1st, 2005, median follow up of
those patients still alive was 50 months (range, 16 to 128 months). Of 477 eligi-
ble patients, 239 were randomized to CHOP-21 and 238 to I-CHOP. Central
pathology review (according to the WHO classification) was achieved in 85% of
the cases, the majority of patients had DLBCL, seven per cent proved to have
low-grade (indolent) lymphomas, the same in both arms of the study. However,
results were analyzed on the basis of the original inclusion criteria, so none of the
eligible patients were excluded by data acquired later on. As can be seen in Table
2, the patients were well balanced in both treatment arms with respect to clini-
cal and pathological characteristics, except for WHO performance status (more
patients with score 2 in I-CHOP arm, p=0.05).

There was no perfect balance between treatment arms with respect to sub-
groups defined by the aa-IPI score. In the low-intermediate risk aa-IPI group
(n=310), 165 patients (53%) were treated with CHOP-21 and 145 (47%) patients
with I-CHOP; in the high-intermediate aa-IPI group (n=152), 69 patients (45%)
were treated with CHOP-21 and 83 patients (55%) were treated with I-CHOP.
However, these differences were not significant.
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Response to treatment
In the CHOP-21 arm, 195 of the 239 patients (82%) completed the total

planned number of 8 cycles of CHOP according to protocol. In the I-CHOP arm,
201 of 238 patients (84%) completed the total planned number of 6 I-CHOP cycles
(Figure 1). Reasons for not having completed the protocol were: no response
after three cycles or progression/relapse during treatment (30 patients in the
CHOP-21 and 13 patients in the I-CHOP arm), toxicity of the treatment (four
patients in the CHOP-21 and 14 patients in the I-CHOP arm), death during treat-
ment (one patient in each arm), refusal of the patient (two patients in CHOP-21
and three patients in I-CHOP arm) and other non-specified reasons (seven
patients in CHOP-21 and six patients in I-CHOP arm). Thus, primary treatment
failure occurred more often in the CHOP-21 arm (13% versus 5%, p<0.01) and
going off treatment due to toxicity occurred more often in the I-CHOP arm (6%
versus 2%, p<0.05).

In the CHOP-21 arm 218 of 239 (91%) patients achieved at least PR includ-
ing 117 patients (49%) with CR(u), while in the I-CHOP arm 224 of 238 (94%)
patients achieved at least PR including 126 patients (53%) with CR(u) (p values
respectively 0.14 and 0.41).

The Kaplan-Meier estimates of the endpoints overall survival (OS), disease-
free survival (DFS) and event-free survival (EFS) for both study arms are shown
in Figure 2A, 2B, and 2C. The observed differences between the arms were not
statistically significant. The 6-year estimated OS rates were 50% in the CHOP-21
arm and 61% in the I-CHOP arm (hazard ratio, 0.83; 95% CI 0.62 to 1.11). The 6-
year estimated DFS and EFS were 49% and 31%, respectively, after CHOP-21 and
55% and 36%, respectively, after I-CHOP (hazard ratio for DFS, 0.76; 95% CI, 0.51
to 1.15 and hazard ratio for EFS, 0.90; 95% CI, 0.72 to 1.14).

Base-line prognostic factors were analyzed by multivariate Cox regression
analysis for effects on OS, DFS and EFS and by logistic regression for effects on
CR rate. All analyses were adjusted for arm and aa-IPI score. Factors associated
with a lower CR rate were: higher levels of LDH/ULN (p<0.01), a WHO per-
formance status of greater than 2 (p<0.01), bulky disease (p<0.01) and bone mar-
row involvement (p<0.01). Factors associated with a shorter OS were: male gen-
der (p<0.01), increased age (p<0.01), and higher levels of LDH/ULN (p<0.01).
Factors associated with shorter EFS were: Ann Arbor stage III/IV (p<0.05), higher
levels of LDH/ULN (p<0.01), and bone marrow involvement (p<0.05). Bone mar-
row involvement was also significantly associated with shorter DFS (p<0.01).
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A. OS

B. DFS

C. EFS

Figure 2A, 2B and 2C. Overall (OS), disease-free (DFS), and event-free survival
(EFS) (all patients).
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A. OS

B. DFS

C. EFS

Figure 3A, 3B and 3C. Subgroup analysis. Overall (OS), disease-free (DFS), and
event-free survival (EFS) for aa-IPI low-intermediate risk patients.
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Subgroup analyses
Subgroup analyses of low-intermediate and high-intermediate risk groups

according to the aa-IPI score were also performed. The results should be inter-
preted as explorative only because these analyses were not planned. The inter-
action term between treatment arm and aa-IPI score was not statistically signif-
icant in a Cox regression model (analysing OS, DFS, and EFS) or in logistic
regression (analysing CR rate), all p values >0.05.

The response rates with CHOP-21 and I-CHOP in the low-intermediate and
high-intermediate risk groups according to the aa-IPI score revealed compara-
ble data: 50% and 55% CR rates with CHOP-21 and I-CHOP, respectively, in the
aa-IPI low-intermediate risk group and 49% and 51% CR rates with CHOP-21
and I-CHOP, respectively, in the aa-IPI high-intermediate risk group. Overall
response rates (CR and PR) were above 90% in both aa-IPI risk groups after
either CHOP-21 or I-CHOP.

In the aa-IPI low-intermediate risk group, a benefit of I-CHOP was observed
with a 6-year estimated OS rate of 67% after I-CHOP versus 52% after CHOP-21.
The 6-year estimated DFS and EFS rates in the low-intermediate risk group were
58% and 41%, respectively, after I-CHOP, and 45% and 30%, respectively, after
CHOP-21. Hazard ratio’s were 0.67 (95% CI 0.46-0.99; p=.05) for OS, 0.61 (95% CI
0.37-1.02; p=.06) for DFS, and 0.82 (95% CI 0.61-1.11; p=.21) for EFS. The corre-
sponding survival curves are shown in Figures 3A, 3B, and 3C. In the high-
intermediate aa-IPI risk group, no differences were found between the two treat-
ment arms. Estimated OS, DFS, and EFS at 6-years were 53%, 49%, and 29% in
the I-CHOP arm, and 47%, 60%, and 35% in the CHOP-21 arm, respectively.
Hazard ratio’s were 0.99 (95% CI 0.61-1.60) for OS, 1.11 (95% CI 0.54-2.28) for
DFS, and 0.98 (95% CI 0.66-1.46) for EFS.

The effects of CHOP-21 and I-CHOP in patients with DLBCL were also
analysed: 126 patients were treated with CHOP-21 and 133 with I-CHOP (see
Table 2). Within the subgroup of DLBCL patients, no significant differences
between the two treatment arms were observed, neither in the subgroup of aa-
IPI low-intermediate DLBCL patients, nor within the subgroup of aa-IPI high-
intermediate DLBCL patients.

Delivered dose intensity
Of the patients who completed the chemotherapy cycles according to proto-

col (82% in CHOP-21 arm, 84% in I-CHOP arm), no reduction in dose or delay
between cycles occurred in 72% of the cycles of the CHOP-21 arm, and in 69% of
the cycles of the I-CHOP arm respectively. The main reasons for deviations were
hematologic toxicity (64% in CHOP-21 and 71% in I-CHOP) and mistakes in dose
administration (15% in CHOP-21 arm and 7% in I-CHOP). Equal to, or more than,
90% of the planned doses of cyclophosphamide, doxorubicin, vincristine, and
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prednisone were given to patients in 97%, 96%, 89%, and 96% of the cycles of the
CHOP-21 arm, respectively, and in 88%, 87%, 91% and 96% of the cycles in the I-
CHOP arm, respectively. Of note, 20 patients in the CHOP-21 arm were treated
with G-CSF (not according to protocol) for a median of four cycles (range 1 to 6)
because of leukopenia. Furthermore, seven patients received treatment accord-
ing to the other arm by mistake (four patients in the I-CHOP arm and three in
the standard CHOP arm). These seven patients and one patient of whom no
treatment data were available were left out of the analysis of delivered dose
intensity.

The planned dose intensity and the median and range of the delivered dose
intensity of cyclophosphamide and doxorubicin in each treatment arm is shown
in Table 1. In summary, I-CHOP patients received an actual increase in dose-
intensity of cyclophosphamide and doxorubicin of 190% and 199% respectively,
compared with CHOP-21 patients. The total delivered dose is similar between the
arms. Cumulative-dose plots for cyclophosphamide and doxorubicin are shown
in Figure 4.

Non-hematologic toxicity
Table 3 summarizes all reported grade 3 and 4 non-hematologic toxicities.

The percentages of patients developing a toxic event in at least one cycle were
comparable between the two arms, but the percentage of patients developing an
infection was almost four times higher in the I-CHOP arm. Treatment-related
deaths (TRM) were similar in both arms: four patients in CHOP-21 arm and six
patients in I-CHOP arm died from TRM. In detail: two patients (one in each arm)
died from hemorrhage, one patient (I-CHOP arm) died from liver toxicity, and
seven patients died from infection (three in CHOP-21 and four in I-CHOP).

Table 3. Non-hematologic toxicity, grades 3 and 4, observed in patients treated
with CHOP-21 or I-CHOP. Results are given as the percentage of patients with an
event in at least one cycle.

Event CHOP-21 I-CHOP

Mucositis 4 8
Nausea or vomiting 6 5
Liver toxicity 1 2
Cardiac toxicity 3 4
Neurotoxicity 1 3
Fever 1 2
Infections 7 26
Other 7 14
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Figure 4. Cumulative dose plots for cyclophosphamide and doxorubicin.
Median delivery mg/m2 calculated weekly from start of chemotherapy. The slopes of the
plots represent dose intensity, and the plateaus represent median total dose delivered.
The delivered dose intensity of the I-CHOP arm is higher than the delivered dose intensity
of the CHOP arm. The median total delivered dose is similar. The cycles (steps) are less
distinguishable after four or five cycles, because from that point onwards most dose
delays or dose reductions occur.
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Furthermore, among causes of death occurring during follow-up, seven patients
died from cardiac toxicity and five patients from secondary malignancies, as is
shown in Table 4. Apart from the five secondary malignancies that caused death,
there were seven patients with other secondary malignancies observed during
follow-up (Table 4).

Table 4. Number of patients with cardiotoxic death or with secondary malig-
nancies during follow-up.

Event CHOP-21 I-CHOP

Cardiotoxic death 5 2
Death from secondary malignancies 2 3
– acute myeloid leukemia 1
– gastric cancer 1
– lung cancer  1
– prostate cancer 1
– ureter cancer 1
Alive with secondary malignancies 4 3
– bladder cancer 1
– breast cancer 1
– cervical cancer 1
– skin cancer  2 2

Discussion

In this randomized trial we assessed whether a substantial dose intensification
of both cyclophosphamide and doxorubicin, considered the most important
chemotherapeutic agents for NHL patients, might improve the cure rate in
patients, aged 18-65 years, with intermediate-risk aggressive NHL. The treat-
ment arms were either ‘standard’ CHOP-21 or I-CHOP, wherein both the doses
of cyclophosphamide and doxorubicin were escalated and also the time inter-
vals between the CHOP cycles were reduced without changing total cumulative
dose. We observed higher CR rates and improved overall, disease-free and event-
free survival among patients treated with I-CHOP. However, the differences
between the treatment arms were not significant. Although the number of eligi-
ble patients (477) was smaller than originally planned (500), the study did not suf-
fer from a lack of power. With respect to OS, more events occurred (184) than
anticipated (130), increasing the power of the study to 0.91. Furthermore, given
477 patients, the power to detect the anticipated difference in CR-rate was still 0.80. 
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Although treatment with I-CHOP was accompanied by more infections than
CHOP-21, there were no differences in treatment related deaths, nor in inci-
dence of secondary malignancies such as myelodysplastic syndrome/acute
myeloid leukemia. Notably, no increase in cardiotoxicity was observed after I-
CHOP treatment as compared with CHOP-21.

When this study was initiated, eligible patients had to belong to the inter-
mediate-risk group of aggressive NHL, as defined by criteria of the HOVON
Lymphoma Study Group. Practically all patients (97%) belonging to the inter-
mediate-risk group according to the HOVON criteria can be subdivided into low-
intermediate risk and high-intermediate risk patients according to the age-
adjusted(aa) International Prognostic Index (IPI) score, the risk score uniformly
used nowadays. Therefore we also analysed the study endpoints according to
these aa-IPI risk groups, although these were unplanned analyses. An improved
outcome, with an approximate 15% increase in overall survival, was observed for
patients in the aa-IPI low-intermediate risk group treated with I-CHOP com-
pared with CHOP-21. This improvement was largely attributable to the quality
of CR by the more intensive treatment, demonstrated by the increase in DFS
after I-CHOP. No impact of this type of dose intensification for patients in the aa-
IPI high-intermediate risk group was observed.

The paradoxical findings of the study, i.e. benefit of dose intensification of
conventional chemotherapy in low-intermediate risk patients, whereas this was
absent in high-intermediate risk patients, is not easy to explain. The possibility
that the number of patients in the high-intermediate subgroup was too limited
to detect a possible statistically significant difference between the treatment arms
can not be excluded, but seems unlikely in view of the fully overlapping survival
estimates after CHOP and I-CHOP in these patients. However, other paradoxi-
cal findings with dose-intensified therapies have been reported: aa-IPI low and
low-intermediate risk patients with aggressive NHL do not benefit from much
higher dose-escalations of cytotoxic drugs to levels that require stem cell support
(autologous stem cell transplantation), whereas aa-IPI high-intermediate and
high risk patients seem to benfit from this approach.7,13-17 Furthermore, in other
haematological malignancies,e.g. in patients with acute myeloid leukemia com-
parable paradoxical findings are observed: dose intensifications with cytarabine
in induction treatment only benefits low-risk patients and not high-risk
patients.18

The dose intensification of both cyclophosphamide and doxorubicin in this
multicenter phase-III trial can be considered substantial, as the actual dose inten-
sity was almost doubled with I-CHOP compared with CHOP-21. There are a few
previously published phase-II studies of dose intensifications of both agents in
CHOP(-like) regimens, varying from below to above dose intensifications used
in this phase-III study, in patients of all risk categories.19-21 These studies sug-
gested a possible benefit for dose intensification, although toxicity of these reg-
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imens, especially the occurrence of secondary leukemias, raised concern about
their final results. Our findings are in accordance with the German NHL-B1 trial22

in which shortening of treatment interval (three versus two weeks; CHOP-21
versus CHOP-14) between the CHOP cycles was investigated in young patients
with both IPI low and low-intermediate risk NHL. A survival benefit for patients
receiving the 2-weekly regimen was shown.

Finally, it should be noted that this study did not include the addition of
Rituximab (anti-CD20 monoclonal antibody) to CHOP. Rituximab added to
CHOP-21 has proven superiority over CHOP-21 alone in elderly patients with
aggressive B-cell lymphomas.3 In younger, low-risk patients with aggressive B-
cell lymphomas, a phase-III trial, comparing CHOP-21 plus Rituximab with
CHOP-21 alone, was stopped early because of a superior outcome for those who
received the combined treatment.23 Furthermore, two trials comparing (dose-
dense) CHOP-14 alone with CHOP-14 plus Rituximab in elderly patients with
aggressive B-cell lymphomas were also stopped early because of the significantly
better outcome for the combined treatment.24,25 Therefore, optimal treatment of
aggressive B-cell NHL should include the addition of anti-B-cell monoclonal
antibody to the best chemotherapy regimen.

We conclude, that I-CHOP is an effective chemotherapy regimen for younger
patients with aa-IPI low and low-intermediate risk aggressive NHL. This regi-
men should be combined with Rituximab in case of B-cell lymphoma. Another
advantage of I-CHOP is the fact that patients can complete their chemotherapy
in 12 weeks time, twice as fast as compared to treatment with CHOP-21. For
younger patients with high-intermediate and high-risk aggressive NHL, the
optimal dose and timing of chemotherapy still needs to be clarified.
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Purpose
Outcome of diffuse large B-cell lymphoma (DLBCL) with a germinal
center B-cell (GCB) expression profile is superior to that of non-GCB
DLBCL. This conclusion is mainly derived from patients with mixed
International Prognostic Index (IPI) risk profiles treated with CHOP-
like therapy (cyclophosphamide, doxorubicin, vincristine, prednisone).
We wondered whether the prognostic impact of the expression profile
would hold out in a homogeneous cohort of poor-risk DLBCL patients
treated with high-dose sequential therapy (HDT) and autologous stem
cell transplantation (ASCT) as first-line therapy.

Patients and methods
DLBCL from 66 newly diagnosed poor-risk patients, treated in two
sequential prospective Dutch Hemato-Oncology Cooperative Group
(HOVON) trials, were studied retrospectively for expression of CD10,
bcl6, MUM1/IRF4, bcl2, Ki67, CD21+ follicular dendritic cells (FDC) by
immunohistochemistry, and breakpoints of BCL2, BCL6 and MYC by
fluorescent in situ hybridization (FISH). Lymphomas with any follicular
component were excluded.

Results
A GCB immunophenotype profile was found in 58% and a non-GCB
immunophenotype type profile in 42% of the tumors. Clinical character-
istics of both groups were similar. Complete response (CR) rate was
higher in patients with CD10+ tumors (58% versus 30%; p=.03). A GCB
immunophenotype profile, its constituting markers CD10 more than
30%, MUM1 less than 70%, and bcl2 less than10% were each associated
with a better overall survival (OS). FDC networks, equally present in
GCB and non-GCB tumors, had superior CR (73% versus 31%; p=.01),
but disease-free survival (DFS) rates were lower and there was no
difference in OS rates. None of the breakpoints had prognostic impact
on outcome.

Conclusion
Also in patients with poor-risk DLBCL treated with HDT and ASCT, the
GCB immunophenotype and bcl2 expression retained a major impact on
survival.
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Introduction

Diffuse large B-cell lymphoma (DLBCL), the most common type of aggressive
non-Hodgkin’s lymphoma (NHL), exhibits distinct biological and clinical het-
erogeneity.1 Currently, the International Prognostic Index (IPI) is still the most
important tool to predict response to treatment for aggressive NHL and to clas-
sify patients into subgroups with distinctly different prognoses.2 However, even
within these IPI risk groups a substantial variability in outcome has been
observed. Thus, finding new tools to better classify DLBCL patients in different
prognostic subgroups is important.

Many studies have focused on the significance of intrinsic characteristics of
the tumors, e.g., protein or gene expression and chromosomal breakpoints, how-
ever, the clinical relevance of many of these markers is inconsistent. Moreover,
few markers retain sufficient prognostic significance individually after adjust-
ment for the overriding prognostic impact of the IPI risk score.3,4

Gene expression profiling offers prognostic value in DLBCL independently
of IPI. Tumors with profiles closely resembling that of germinal center B-cells
(GCB) have a better outcome than those resembling activated peripheral B-cells
(ABC).5-7 However, not all studies could confirm a prognostic value.8,9 Further-
more, this analysis is not easily incorporated in routine practice as it depends on the
availability of frozen tissue and sophisticated laboratory and statistical methods.

Based on gene expression studies, Hans et al. developed an algorithm to dis-
criminate GCB from non-GCB type DLBCL, based on CD10, bcl6 and MUM1/IRF4
expression measured by immunohistochemistry (IHC).10 Outcome of DLBCL
with a GCB protein expression profile was superior to non-GCB tumors and con-
curred with gene expression profiles as determined by microarray analyses.10

Controversial findings have been reported using the same, or slightly different
IHC algorithms,11-15 which might be caused by differences in clinical character-
istics, variations in treatment, IHC techniques or cut-off levels for scoring.
Moreover, most data published so far have been derived from patients treated
with standard (i.e. CHOP-like) first-line treatment. Whether up-front high-dose
sequential therapy (HDT) and autologous stem cell transplantation (ASCT) as
first-line treatment might overcome the poor prognostic features conferred by cell
of origin is still unknown.

We recently reported on two sequential prospective trials of the Dutch
Belgian Hemato-Oncology Cooperative Group (HOVON), HOVON-27 and
HOVON-40, investigating HDT and ASCT as first-line treatment in patients with
poor-risk advanced stage aggressive NHL with age-adjusted IPI (aa-IPI) scores
of 2 to 3.16 In this article, we report the results of a retrospective analysis address-
ing the prognostic significance of individual protein expression, GCB versus non-
GCB immunophenotype, and chromosomal breakpoints in the DLBCL patients
of both studies.
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Patients and methods

Patient selection
Patients had been included in either one of two consecutive HOVON trials

HOVON-27 and HOVON-40 for previously untreated poor-risk aggressive NHL.16

In summary, patients had aggressive NHL, were age 18 to 65 years, had WHO
performance status 0 to 2, had Ann Arbor stage III or IV disease, and had serum
LDH at least 1.5 times the upper limit of normal (ULN). Treatment consisted of
high dose sequential chemotherapy followed by HDT and ASCT (trial HOVON-
27) or the same treatment preceded by 3 cycles of intensified CHOP (trial
HOVON-40). One hundred forty-seven patients were included, 117 of whom had
DLBCL. Both studies were carried out in accordance with the modified
Declaration of Helsinki. The institutional boards of each participating institu-
tion approved both study protocols and all patients gave written informed con-
sent.

Histology
Tumor blocks or unstained tissue sections from all patients with DLBCL as

confirmed by central review1 were retrieved from the local pathologist. Tumors
with any follicular pattern were excluded.

Immunohistochemistry (IHC) and chromosomal breakpoints
IHC was performed on formalin-fixed, paraffin-embedded tissue sections.

The following markers were used: bcl2 (clone 124, dilution 1:25, DAKO, Glostrup,
Denmark), bcl6 (clone PG-B6p, dilution 1:20, DAKO), CD10 (clone 56C6, dilution
1:20, Novocastra, Newcastle upon Tyne, UK), CD21 (clone IF8, dilution 1:10,
DAKO), Ki67 (clone MIB-1, dilution 1:100, DAKO) and MUM1/IRF4 (clone
MUM1p, dilution 1:25, DAKO). Antigen heat retrieval in 50 mM TRIS-HCL/2mM
EDTA buffer, pH=9.0 in a microwave oven for 30 minutes was performed for all
markers except CD21. For CD21 a pepsin based antigen retrieval method was
used. All immunostains were performed on the Ventana Nexus IHC staining
module (Ventana, Tucson, AZ) according to the manufacturer’s instruction.

Slides were evaluated semi-quantitatively by two or three independent
observers (EGB, PMK and GWvI) and grouped as follows: for bcl2, tumors with
0-10%, 11-50% and 51-100% positive tumor cells; for MUM1/IRF4, 0-30%, 31-50%,
51-70%, and 71-100% positive tumor cells; for Ki67, 0-50%, 51-90% and 91-100%.
Bcl6 and CD10 were considered positive when >30% of the tumor cells were pos-
itive. CD21 was used for the staining of follicular dendritic cell (FDC) networks
within the tumor fields using a visual score of 0, +, ++ or +++; staining of tumor
cells was ignored.
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Classification of GCB versus non-GCB was based on the algorithm of Hans
et al.,10 using CD10, bcl6 and MUM1/IRF4 expression with 30% cut-off values for
the number of positive tumor cells (Figure 1).

Figure 1. Distribution of GCB and non-GCB DLBCL according to algorithm.
Immuno histochemistry algorithm according to Hans et al., with cut-off value of 30% for
CD10, bcl6 and MUM-1/IRF4.10

For the detection of chromosomal breakpoints in MYC/8q24, BCL2/18q21 and
BCL6/3q27, all cases were studied by segregation fluorescent in situ hybridiza-
tion (FISH) on paraffin tissue sections according to recently published methods
of our group.17

Study endpoints and statistical considerations
Endpoints of interest were CR rate, event-free survival (EFS), disease-free

survival from CR (DFS) and OS.16 Clinical data were retrieved from the HOVON
database and analyzed as of November 2005. For comparison of marker distri-
bution between groups, the Fisher’s exact test was used. For CR rates between
two groups logistic regression analysis was used. Odds ratio (OR) was calculated
with 95% confidence interval (CI). EFS, DFS and OS were estimated by the
Kaplan-Meier method, and 95% CIs were constructed. Subgroups were compared
using the log rank test. Survival analyses were performed using Cox regression
analysis. The hazard ratios (HR’s) and corresponding 95% CIs were determined
for survival endpoints. Because patients treated in trial HOVON-40 had a sig-
nificantly better outcome compared with patients treated in trial HOVON-27,
logistic and Cox regression analyses were also performed with adjustment for
trial (HOVON-27 versus HOVON-40). All p values are two-sided, without adjust-
ment for multiple testing; a significance level of α=.05 was considered signifi-
cant.
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Results

Clinical characteristics
Between 1994 and 2001, 147 patients were included in trials HOVON-27 and

HOVON-40. Of 117 patients with DLBCL, 73 tissue samples were retrieved, ulti-
mately retreiving adequate tissue from 66 (56%) patients, i.e. 58% DLBCL patients
from trial HOVON-27 and 55% from HOVON-40. Clinical characteristics of the
patients are summarized in Table 1. All patients had advanced disease with
highly elevated LDH levels and aa-IPI scores ≥2. Median follow up of the 24
patients still alive (seven patients in HOVON-27 and 17 in HOVON-40) was 59
months (range, 23 to 132).

Table 1. Patient characteristics.

HOVON-27 HOVON-40 Total 
(n=29) (n=37) (n=66)

N % N % N %

Male 16 55% 22 59% 38 58%
Age years (median) 45 52 50
– (range) 15-65 18-65 15-65
Ann Arbor stage
– III 6 21% 10 27% 16 24%
– IV 23 79% 27 73% 50 76%
Bulky (>10 cm) 14 48% 17 46% 31 47%
Serum LDH × ULN (median) 2.8 3.0 3.0
– (range) (0.9-28.4) (1.5-18.0) (0.9-28.4)
Bone marrow involvement 10 34% 10 27% 20 30%
Extranodal localizations >1 15 52% 9 24% 24 36%
Performance score WHO 2-3 14 48% 7 19% 21 32%
Age-adjusted IP
– 2 15 52% 30 81% 45 68%
– 3 14 48% 7 19% 21 32%
Treatment protocol
– HOVON 27 29 100% - - 29 44%
– HOVON 40 - - 37 100% 37 56%
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Distribution of markers
IHC and FISH results were evaluable in almost all cases (Table 2). For the

IHC markers the percentages of positive tumors were similar in both trials.
Slightly more MYC and BCL2 breakpoints were observed in the HOVON-27 study
and more BCL6 breakpoints in the HOVON-40 study. However, absolute num-
bers were small.

Table 2. Distribution of protein expression and molecular breakpoints 
according to protocol inclusion.

HOVON-27 HOVON-40 Total 
(n=29) (n=37) (n=66)

N % N % N %

Immunohistochemistry
CD10 >30% 15 52% 17 46% 32 48%
Bcl6 >30% 26 90% 30 81% 56 85%
MUM1
– 0-30% 12 41% 16 43% 28 42%
– 31-70% 10 34% 9 24% 19 29%
– 71-100% 5 17% 12 32% 17 26%
– no data 2 7% – – 2 3%
GCB type 18 62% 20 54% 38 58%
Ki67 >90% (*n=65) 13 46% 13 35% 26 40%
Bcl2
– 0-10% 11 38% 8 22% 19 29%
– 11-50% 4 14% 7 19% 11 17%
– 51-100% 14 48% 21 57% 35 53%
– no data – – 1 3% 1 2%
CD21 FDC (*n=58) 6 25% 11 32% 17 29%
Chromosomal breakpoints
MYC/8q24 (*n=59) 6 22% 3 9% 9 15%
BCL2/18q21 (*n=59) 8 30% 2 6% 10 17%
BCL6/3q27 (*n=58) 3 12% 12 38% 15 26%

* N = number of cases tested; percentage is calculated from the number of cases tested.

GCB versus non-GCB phenotype algorithm
Applying the IHC algorithm according to Hans et al.,10 with cut-off values at

30% positive tumor cells, 38 patients had GCB and 28 non-GCB DLBCL (Figure
1). The majority of GCB cases (84%) were classified as such based on CD10 pos-
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itivity. Only six CD10 negative cases were classified as GCB-type based on a com-
bination of bcl6 positivity and MUM1 negativity. In 11 (34%) and four (13%) of the
32 CD10+ cases, MUM1 was positive at 30% and 70% cut-off levels, respectively.
Eight of the 34 CD10 negative cases (24%) were bcl6 negative, whereas 20 tumors
(59%) were both bcl6 and MUM1 more than 30% positive; both were classified as
non-GCB.

Although slightly more patients with GCB tumors had bulky disease, no sig-
nificant differences were observed in clinical characteristics or treatment accord-
ing to trial between GCB and non-GCB tumors (Table 3).

Table 3. Clinical characteristics and treatment of GCB and non-GCB DLBCL.

GCB (n=38) Non-GCB (n=28)

N % N %

Male 23 61% 15 54%
Age years (median) 48 52
– (range) (15-65) (21-65)
Stage IV 29 76% 21 75%
Bulky disease 22 58% 9 32%
LDH × ULN (median) 3.1 2.9
BM involvement 13 34% 7 25%
Extranodal localizations >1 15 39% 9 32%
WHO PS >1 12 32% 9 32%
AA-IPI 3 12 32% 9 32%
H40 treatment 20 53% 17 61%

Expression of other proteins and chromosomal breakpoints
The distribution of the other IHC markers and chromosomal breakpoints

according to GCB versus non-GCB phenotype are listed in Table 4. Bcl2 protein
over-expression may be the result of BCL2 rearrangement or other mecha-
nisms,10,18-20 and as such confer a different clinical behavior.21 All 10 BCL2 break-
point-positive tumors (17%) expressed bcl2 protein. BCL2 breakpoints clustered
in GCB, whereas breakpoint- negative but bcl2 protein-positive tumors were
more frequent in the non-GCB group.

BCL6 and MYC breakpoints were detected in 26% and 15%, respectively. Four
of the nine MYC positive cases harbored additional breakpoints, three BCL2, one
BCL6 (Table 4). Apart from incidental copy number gain for BCL2 (n=2), MYC
(n=4) and BCL6 (n=4), two cases with gene amplification of BCL6 were observed.
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FDC networks were present in 17 tumors (26%) and equally frequent in GCB
and non-GCB tumors (Table 4). Five FDC+ cases had bone marrow involvement
of lymphoma. None of the three cases that could be analyzed showed discordant
morphology. FDC+ cases had breakpoints of MYC, BCL2, or BCL6 in zero, four,
and four cases, respectively. Slightly more GCB type DLBCL had a Ki-67/MIB-
1 proliferation rate of more than 90% (46% versus 32%).

Table 4. Chromosomal breakpoints and expression of bcl2 protein, 
FDC networks and Ki67 in GCB and non-GCB immunophenotype DLBCL. 

GCB (n=38) Non-GCB (n=28)

N % N % P

BCL2 breakpoint (n=58)* .003
– breakpoint pos/expression pos** 8 25% 2 8%
– breakpoint neg/expression pos 10 31% 20 77%
– breakpoint neg/expression neg 14 44% 4 15%
MYC breakpoint (n=59) 6 18% 3 12% .72
– MYC breakpoint only 3 9% 2 8%
– + additional BCL2 breakpoint 3 9% - -
– + additional BCL6 breakpoint - - 1 4%
BCL6 breakpoint (n=58) 6 18% 9 36% .14
CD21 FDC (n=58) 9 27% 8 32% .78
– + 5 15% 4 16%
– ++ 3 9% 2 8%
– +++ 1 3% 2 8%
Ki67 >90% (n=64) 17 46% 9 32% .31

* N = number of cases tested; percentage is calculated from the number of cases tested; ** bcl2
expression >10% tumor cells.

Prognostic impact of biological markers on treatment outcome
Because analyses with adjustment for trial (HOVON-27 versus HOVON-40)

did not result in different outcomes, only analyses without adjustment for trial are
shown. Classification of GCB versus non-GCB had no significant impact on CR
rates (Table 5). CR was significantly higher in CD10-positive than in CD10-neg-
ative tumors (58% versus 30%; p=.03) and in tumors with CD21+ FDC networks
(CR 71% versus 31%;p=.01).
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GCB conferred better OS than non-GCB phenotype (p=.04; Figure 2). CD10-
positivity (Figure 3A) and MUM1 less than 70% (Figure 3B; but not MUM less
than 30%), and bcl2 protein less than 10% (Figure 3C), were associated with supe-
rior OS. By applying MUM1 more than 70% instead of more than 30% as cut-off
level for non-GCB classification in the Hans algorithm, nine non-GCB patients
changed to GCB type. The predictive value of survival of non-GCB patients
according to this MUM1 more than 70% algorithm (HR 2.11; 95% CI: 1.12 to 3.98)
might be slightly stronger than the original algorithm with a threshold of more
than 30% (HR 1.8; 95% CI: 1.02 to 3.45).

Figure 2. Overall survival of GCB versus non-GCB immunophenotype. 
GCB versus non-GCB immunophenotype according to Hans et al.10
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Figure 3. Overall survival according to protein expression of CD10 (A), 
MUM1>70% (B) and bcl2 >10% (C) 
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Outcome of bcl2 protein+ GCB cases with (n=10) or without (n=8) a BCL2
breakpoint was not significantly different (median survival 13 versus 21 months;
p=.37). Although CR rate was higher in tumors with CD21+ FDC networks, DFS
was inferior p=.03) and OS was similar (Figure 4). None of the chromosomal
breakpoints had prognostic impact on outcome.

Figure 4. Disease-free (A) and overall survival (B) of FDC+ versus FDC- DLBCL.
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Discussion

We investigated the prognostic relevance of immunophenotype and chromoso-
mal breakpoints in a well-defined group of DLBCL patients with a homogeneous
poor-risk IPI score, treated up-front with HDT and ASCT. GCB immunopheno-
type as determined by the Hans algorithm, which includes bcl6, CD10 and
MUM1/IRF4 as individual markers,10 conferred a significantly better survival
than non-GCB immunophenotype. Additionally, we found a strong positive asso-
ciation between CD10 expression and response to treatment and survival.
Expression of MUM1/IRF4 and bcl2 at cut-off levels of 70% and 10%, respec-
tively, were inversely correlated with survival. Breakpoint analysis of BCL6, BCL2
and MYC had no detectable prognostic impact.

Studies on the clinical relevance of biological markers in DLBCL are fre-
quently hampered by confounding factors such as type of treatment and case
mix of patients with different IPI risk scores. This might partially explain why dif-
ferent groups studying the same marker(s) or combinations thereof, reported
controversial results. In our study clinical presentation and aa-IPI scores of both
cohorts of poor-risk DLBCL patients were almost identical. Treatment, however,
was not equal and might have influenced the results; in trial HOVON-40 more
chemotherapy (three intensified CHOP courses) had been administered before
ASCT. Despite similar CR rates a significantly better DFS, EFS and OS in trial
HOVON-40 was observed.16 Nevertheless, the studied tumor markers were
almost equally distributed in both trials and all immunophenotypic markers,
including GCB- versus non-GCB-phenotype, had similar prognostic relevance in
both cohorts. Moreover, repeated analyses of prognostic factors with adjustment
for trial did not alter the results.

Grouping of DLBCL by gene expression profiling into GCB versus non-GCB
derived tumors has originally been based on algorithms containing a myriad of
genes.5 Subsequently, a simple IHC algorithm, based on the expression of only
three different proteins (CD10, bcl6 and MUM1/IRF4) could classify tumors in the
same groups with similar prognostic results.10 Our study confirms these findings
for survival in a group of poor-risk patients treated with up-front HDT and ASCT.

The prognostic impact of the algorithm not only depends on the relative prog-
nostic value of the individual markers, but also on their hierarchical position in
the algorithm and, especially in case of MUM1/IRF4, the applied cut-off value.
CD10, a marker of follicular center B-cell differentiation,22 is placed at the first
hierarchical level of the algorithm. Reports concerning the prognostic value of
CD10 in DLBCL are controversial,10-12,15,23-26 possibly due to differences in IPI
risk factors. In our study of homogeneous aa-IPI poor-risk DLBCL patients,
CD10+ immunophenotype correlated most strongly with improved remission rate
and outcome, supporting its hierarchical position in the algorithm.
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Expression of bcl6, a protein essential for germinal center formation,27 was
observed in 85% of our cases at a cut-off level of 10%, which is in agreement with
the literature. All cases harboring a BCL6 translocation expressed bcl6 protein,
which might be caused by promoter substitution. Additional genetic alterations
including point mutations in regulatory sequences of BCL6 might have accounted
for the expression in the many other DLBCL cases of our and other series.28 The
reported prognostic impact of bcl6 protein expression is controversial.11,12,29 We
observed no prognostic impact of bcl6. Furthermore, the contribution of bcl6 in
the IHC algorithm on the outcome of classification GCB versus non-GCB
immunophenotype in our study was rather small, mainly as a result of the very
small percentage of bcl6-negative cases.

Expression of MUM1/IRF4, a marker of terminal differentiation of B cells,30

is inversely correlated with GCB-type DLBCL in gene expression arrays. MUM1
protein expression is correlated with adverse prognosis in DLBCL according to
most,10,12,31 but not all,11,15 reports. Cut-off values differ from 20 to 30%10-12,15 to
80%.31 In our hands a cut-off value of 30% had no prognostic value. Using a cut-
off value of 70% we observed a small group of patients with a very short median
survival of 10 months. This effect was independent of CD10 expression. Higher
cut-off levels for MUM1 might improve its performance as single prognostic
marker, as well as in prognostic algorithms as suggested by our results.

Recently, Moskowitz et al.32 observed no correlation between GCB versus
non-GCB phenotype and outcome in 88 patients with relapsed/primary refrac-
tory DLBCL eligible for second-line treatment followed by ASCT. They hypoth-
esized that the prognostic value of the IHC algorithm was overcome by HDT and
ASCT. In our study of patients treated with HDT and ASCT in first-line treat-
ment this apparently was not the case. Whether the prognostic value of GCB or
other biological markers in DLBCL will disappear with new treatment modalities
remains to be investigated. Notably, neither our patients, nor those of Moskowitz
had been treated with anti-CD20 monoclonal antibodies (rituximab).

The results of other markers investigated in our study are of particular inter-
est. We confirmed the strong negative correlation of bcl2 expression with survival,
which was reported previously.3,11,14,31,33-36 We also analyzed the prognostic rel-
evance of bcl2 expression in conjunction with BCL2/18q21 breaks, because
expression of bcl2 protein might also be the result of distinct other mechanisms
and as such confer a different prognosis.18-21 The negative effect of bcl2 protein
expression on survival was observed both in the presence and absence of BCL2
translocations. Moreover, within the 18 bcl2-expressing GCB type DLBCL, no
difference in outcome was observed between cases with and without BCL2 break-
point. Thus, we could not confirm the negative correlation with survival of
BCL2breakpoints within the GCB group as reported by Barrans et al.21 This sug-
gests a dominant effect of overexpression of bcl2 protein on outcome, irrespec-
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tive of the underlying mechanism. Addition of rituximab to chemotherapy
strongly improves outcome in DLBCL.37-39 As improvement was most pro-
nounced in patients with tumors expressing bcl2 protein, the negative effect of
bcl2 protein expression might diminish in future patients treated with ritux-
imab.40

The percentages of DLBCL with breakpoints for MYC/8q24, BCL2/18q21 or
BCL6/3q27 in our study were comparable to those found in a larger series from
a population-based Dutch registry.3 MYC rearrangements in DLBCL may be sec-
ondary genetic events and associated with aggressive clinical behavior. Half of
the MYC positive cases in our study had additional breakpoints of BCL2 or BCL6.
Median survival of the nine patients with MYC rearrangement (including the
four cases with double hits) tended to be inferior to patients without MYC
rearrangement (nonsignificant). Due to small numbers, our study had insuffi-
cient power to detect possibly moderate but clinically relevant differences
between subgroups.

The prognostic impact of CD21+ FDCs in our study was unexpected. Although
not associated with GCB immunophenotype, the clinical data of these cases mim-
icked the high response rate but increased relapse rate of follicular lymphomas
naturally containing such mesh works. Utmost care was taken to exclude lym-
phomas having any follicular growth pattern or component. In addition, we could
exclude discordant lymphoma in three out of the five FDC+ cases with bone mar-
row involvement. Katzenberger et al.41 reported the presence of FDC mesh works
in DLBCL with BCL6/3q27 translocation. We did not find such a correlation.
Nevertheless, the abundance of FDC mesh works in some of our DLBCL cases,
even at extranodal sites might indicate an intricate active interaction between
the tumor cells and FDCs.41

In conclusion, in this clinically homogeneous group of poor risk DLBCL
patients we observed a strong prognostic influence of intrinsic biological mark-
ers such as bcl2 expression and GCB immunophenotype, which was not over-
come by up-front HDT and ASCT therapy.
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The feasibility and efficacy of up-front high-dose sequential chemo-
therapy followed by autologous stem cell transplantation (ASCT) in
previously untreated adults (median age 33 years; range 15-64) with
Burkitt lymphoma (BL), Burkitt-like lymphoma (BLL), or lymphoblastic
lymphoma (LyLy), both without central nervous system or extensive
bone marrow involvement was investigated in a multi-center phase II
study. 

Treatment consisted of two sequential high-dose chemotherapy
induction courses incorporating prednisone, cyclophosphamide, doxo-
rubicin, etoposide and mitoxantrone, without high-dose methotrexate or
high-dose cytarabine. Patients with at least partial response (PR) went
on with BEAM and ASCT. 

Protocol treatment was completed by 23/27 (85%) BL/BLL and 13/15
(87%) LyLy patients. Median treatment duration until BEAM was 70
(range: 50-116) days. No toxic deaths occurred. Response to treatment
was complete response (CR) 81% and PR 11% for BL/BLL, CR 73% and
PR 20% for LyLy. At a median follow-up of 61 months of patients still
alive, six BL/BLL and eight LyLy patients have died. The actuarial 
5-year overall and event free survival estimates are 81% and 73% for
BL/BLL versus 46% and 40% for LyLy patients. 

In conclusion, this short up-front high-dose sequential chemotherapy
regimen, followed by ASCT is highly effective in adults with BL/BLL
with limited bone marrow involvement, but less so in patients with
LyLy.

Introduction

Sporadic Burkitt Lymphoma (BL) is a rare and highly aggressive B-cell tumor.1

Although it accounts for up to 40% of B-cell lymphoma in childhood, less than 5%
of the lymphomas in adults are BL.

Age, central nervous system and/or bone marrow involvement, high serum
LDH, and bulky tumor mass at diagnosis are poor prognostic factors.2-4 Current
treatment strategies developed for children mainly consist of a relatively short
course of intensive risk-adapted chemotherapy, incorporating (fractionated)
cyclophosphamide, doxorubicin, vincristine and steroids in combination with
high-dose intravenous methotrexate (MTX), high-dose cytarabine (Ara-C), and
sometimes also etoposide.3-7 With this type of approach, treatment outcome in
children is excellent, with over 80% cure rates even in patients with adverse prog-

92

vImhoff-3 XP  28-11-2006  13:24  Pagina 92



nostic risk factors at diagnosis. As a result of the relative rareness of BL in adults,
only few data on treatment outcome in these patients have been reported, with
higher cure rates in adult patients treated with a ‘pediatric’ type of therapy
approach.8-12 However, children had superior outcome and tolerated treatment
better than older patients.8

Lymphoblastic lymphoma, a disease mainly seen in adolescents has a very
poor outcome in adults treated with conventional chemotherapy. Adult patients
with extensive bone marrow involvement at presentation have better outcomes
with more intensive treatment approaches such as those used for treatment of
acute lymphoblastic leukemia,13-16 but the optimal treatment for patients with less
extensive disease remains to be elucidated.

Based on promising results of autologous stem cell transplantation (ASCT)
in patients with aggressive lymphoma in first remission, including nonleukemic
BL, Burkitt-like lymphoma (BLL) and lymphoblastic lymphoma (LyLy),17-22 the
Dutch-Belgian Hemato-Oncology Cooperative Group (HOVON) initiated a multi-
center phase II study in December 1994 to evaluate a strategy of short intensive
sequential chemotherapy, and subsequent ASCT in adult patients. We present
the results of this treatment in patients with BL/ BLL and LyLy with a median fol-
low up of more than 5 years for patients still alive.

Methods

Patients
Between December 1994 and February 2003, patients with newly diagnosed

BL, BLL or LyLy in the Netherlands and Belgium were enrolled in a multi-cen-
ter phase II study HOVON-27BL. Patients had to be fully staged, including CT
scanning of the thorax and abdomen, bone marrow aspiration and biopsy, and
cerebrospinal fluid examination. The following entry criteria had to be fulfilled:
age 18 to 65 years, Ann Arbor stage II to IV, or I (E) in combination with either
bulky (>10 cm) tumor or with serum LDH > 1.5 times the upper normal limit of
the participating institution; WHO-performance score 0, 1, or 2, no central nerv-
ous system (CNS) localization, and less than 30% bone marrow infiltration.
Patients were not eligible if they were HIV positive, or had severe concomitant
disease, prior malignancy or major organ dysfunction not directly related to infil-
tration or obstruction by lymphoma. Except for treatment with steroids in the
week before starting protocol treatment, no prior chemotherapy was allowed.
Renal dysfunction due to tumor obstruction or hyperuricosemia was accepted at
entry, but required correction before the start of treatment. In the present analy-
sis, patients were retrospectively classified to the age-adjusted International
Prognostic Index (aa-IPI), as well as a low- or high-risk group according to the
risk grading based on Magrath et al.9 and used by the United Kingdom
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Lymphoma Group (UKLG) for BL23 and others.24 According to this grading sys-
tem patients with all of the following features present: (i) Ann Arbor stage 
I-II(E), (ii) tumor mass <10 cm, (iii) normal serum LDH, and (iv) WHO perform-
ance 0 or 1 were graded as low risk, all other patients as high risk. All patients
gave informed consent for study participation according to the regulations of the
Dutch health authorities. The study was performed and evaluated by HOVON
according to the Helsinki agreement.

Pathology
Biopsies were reviewed and classified both according to the REAL25 and

WHO1 classification schemes. Tissue blocks were collected to perform additional
fluorescent in situ hybridization (FISH) analysis for the detection of MYC/8q24
breakpoints.26

Treatment
Initial treatment consisted of two consecutive high-dose chemotherapy com-

binations. Induction-I consisted of: 1000 mg/m2 cyclophosphamide i.v., 12 hourly
on days 1 and 2 (total dose: 4000 mg/m2); 35 mg/m2 doxorubicin i.v., on days 1 and
2 (total dose 70 mg/m2); 100 mg prednisone for 5 days. Uromithexan (Mesna) 200
mg/m2 was infused every 4 hours, starting 10 minutes before the cyclophos-
phamide infusion; the final uromithexan infusion was administered 8 hours after
the last cyclophosphamide infusion. Induction-II consisted of 250 mg/m2 etopo-
side, every 12 hours i.v. for 4 days (total dose 2000 mg/m2); 30 mg/m2 mitox-
antrone i.v. on day 1; and 100 mg prednisone for 5 days. Induction-II was given
as soon as hematological recovery, defined as a rising platelet and neutrophil
count in excess of 100 × 109/l and 1.0 × 109/l respectively, was observed after
induction-I. After each induction course, patients received 5 µg/kg G-CSF
(Filgrastim) s.c. daily from day 5 until a neutrophil count (ANC) was observed of
at least 0.5 × 109/l for two consecutive days.

Peripheral blood stem cells were harvested and cryo-preserved preferably
after induction-I or otherwise after induction-II according to standard institu-
tional harvesting procedures, provided the bone marrow no longer contained
lymphoma on histology. No CD34 selection or purging was performed. Patients
attaining at least a partial response (PR) after induction-II, and from whom a
sufficient stem cell harvest of at least 2.5 × 106 CD34+ cells/kg had been obtained,
were subsequently treated with high-dose therapy and ASCT. High dose
chemotherapy consisted of BEAM: 300 mg/m2 carmustine i.v. on day -6; 100
mg/m2 etoposide, infused in 1 hour, every 12 hours, for a total of 4 days starting
on day -5; 100 mg/m2 Ara-C, infused in 1 hour, every 12 hours, for 4 days start-
ing on day -5; 140 mg/m2 melphalan i.v. on day -1. Stem cells were re-infused on
day 0. Intrathecal MTX 15 mg was used as CNS prophylaxis and administered at
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diagnosis, during induction-I, after recovery from induction-I and -II, and before
BEAM for a total of 5 injections.

During treatment, all patients received hematological supportive care accord-
ing to the rules and guidelines of the participating institution. This included vig-
orous hydration, allopurinol, platelet- and red blood cell transfusions, prophy-
lactic oral antibacterial and anti-fungal treatment, as well as immediate treatment
with i.v. broad-spectrum antibiotics and/or i.v. anti-fungal treatment in case of
fever and/or documented or suspected infection. Patients with bulky disease at
presentation (≥10 cm) could be treated with additional (involved field) radio-
therapy on PR sites after recovery from ASCT. This was left to the discretion of
the treatment center. No further maintenance therapy was given.

Response to treatment and toxicity
Tumor response was assessed after induction-II, after ASCT, and after addi-

tional radiotherapy (if given) according to staging procedures described at diag-
nosis. Responses were classified as complete response, unconfirmed complete
response, partial response, stable disease, or progressive disease.27 All side
effects except hematological toxicity, nausea and hair loss were graded accord-
ing to the National Cancer Institute Common Toxicity Criteria grading system.
Infectious events were graded according to the WHO grading system for infec-
tions. Hematological recovery after each treatment course was assessed sepa-
rately.

Statistical analysis
The data were analyzed as of July 2004. The study endpoints were CR rate,

response rate (CR + PR), event free survival (EFS), progression free survival
(PFS) and overall survival (OS). All survival endpoints were calculated from start
of treatment on an intention-to-treat basis. EFS was defined as the time to pro-
gression, relapse or death from any cause, whichever came first. Patients with-
out progression or relapse who were still alive, were censored at the date of last
contact. PFS was calculated from start of induction-I until progression, relapse
or death from NHL; patients without progression or relapse who were still alive
at the date of last contact, or who died from a non-NHL related cause, were cen-
sored. OS was defined as the time to death from any cause; patients still alive
were censored at the date of last contact.27 However, as none of the patients died
from a non-lymphoma related cause, EFS and PFS were equal, and therefore
PFS will not be considered separately. The Kaplan-Meier method was used to
estimate OS and EFS and 95% confidence intervals (CI) were calculated. Kaplan-
Meier survival curves were generated to illustrate survival, and the log-rank test
was used to compare survival between subgroups. All reported p values are two-
sided and a significance level of a=0.05 was used.
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Results

From 12 centers 42 patients with an original diagnosis of BL or BLL (n=27), 
T-lymphoblastic lymphoma (T-LyLy) (n=13), or B-lymphoblastic lymphoma 
(B-LyLy) (n=2) were included in the study. All lymphoblastic cases were con-
firmed upon pathology review that included staining for terminal deoxynu-
cleotidyl transferase (TdT). At review, particular attention was paid to the well
known difficulties in differentiating between BL, BLL and diffuse large B-cell
lymphoma (DLBCL) according to the REAL classification,25,28 as well as BL, atyp-
ical BL (aBL) and DLBCL according to the WHO classification.1 Review included
histology, immunophenotype (B-cell markers, Ki-67/MIB1, CD10 and bcl2) as
well as fluorescent in situ hybridization (FISH) for breakpoints in MYC/8q24.26

A total of 27 cases with a diagnosis of BL or BLL as defined by the REAL classi-
fication had been included. All cases showed a classical starry sky pattern and a
monotonous proliferation of medium-sized blasts as well as many mitotic fig-
ures with a Ki-67/MIB-1 proliferation index of >90%. Morphologic details varied
to some extent, some cases having slightly more variation in nuclear size, and the
number of nucleoli (BLL). Moreover, all cases were of mature B-cell origin (CD20
positive and immunoglobulin positive and/or TdT negative). Thus, also upon
review, all cases fulfilled the criteria of the REAL classification for BL or BLL.
However, in view of the current uncertainty on the histogenesis of BLL, all cases
were also reviewed according to the WHO classification, which requires the pres-
ence of a MYC/8q24 breakpoint in all cases with atypical morphology to ascertain
a diagnosis of a BL; in consequence, all aBL cases lacking this breakpoint should
be classified as DLBCL. In 17 of 27 tumors FISH for MYC/8q24 breakpoint detec-
tion was successfully performed. Of these 17 cases, 10 contained a MYC/8q24
breakpoint and seven were negative, the latter cases all being reviewed as DLBCL
according to the WHO classification. For four cases with a classical histology and
phenotype of Burkitt lymphoma in which no FISH analysis could be performed,
a diagnosis of Burkitt lymphoma was maintained. Six cases with a morphology
of atypical Burkitt lymphoma and/or phenotype, without material necessary for
FISH, were reviewed as not evaluable.

Patient characteristics
The main clinical characteristics of both the BL and LyLy patients are sum-

marized in Table 1. The median age was 33 years, two patients with BL/BLL
were older than 60 years. Most patients presented with a good performance sta-
tus. All stage I(E) patients had both elevated serum LDH as well as bulky disease.
Stage IV disease and bone marrow involvement was observed more frequently
in patients with LyLy. Half of the patients with BL/BLL and two-thirds of the
patients with LyLy presented with extranodal involvement. As expected, the gas-
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Table 1. Patient characteristics.

BL/BLL LyLy

N (%) N (%)

Patients 27 (100) 15 (100)
Age (median) 36 30
– range (15-64) (16-50)
Sex
– male 21 (78) 13 (87)
– female 6 (22) 2 (13)
Stage
– I(E) 5 (19) 2 (13)
– II 10 (37) 1 (7)
– III 2 (7) 3 (20)
– IV 10 (37) 9 (60)
B-symptoms 13 (48) 6 (40)
Bulky (>10 cm) tumor 12 (44) 9 (60)
Bone marrow involved 2 (7) 3 (20)
Extranodal involvement 13 (48) 10 (67)
– ≥2 extranodal sites 7 (26) 4 (27)
WHO performance score
– 0-1 23 (85) 14 (93)
– >1 4 (15) 1 (7)
LDH
≤ULN 9 (33) 5 (33)
– 1-1.5 × ULN 7 (26) 4 (27)
– >1.5 × ULN 11 (41) 6 (40)
Age-adjusted IPI
– 0-1 17 (63) 7 (47)
– 2-3 10 (37) 8 (53)
UKLG-index
– low-risk 3 (11) 0 (0)
– high-risk 24 (89) 15 (100)

BL/BLL = Burkitt, Burkitt-like lymphoma; LyLy = Lymphoblastic lymphoma; ULN = Upper limit of
normal; IPI = International Prognostic Index; UKLG-index = United Kingdom Lymphoma Group risk
index for Burkitt lymphoma.23
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trointestinal tract was the most frequent site of extranodal involvement in
patients with BL/BLL (n=7), but a variety of other sites of involvement were
observed as well (lung, pericardial, pleural in four, urogenital in three, bone mar-
row in two, and liver, ascites, epidural, breast, paranasal sinus, adrenal and soft
tissue in one patient each). No apparent difference in clinical presentation was
detected between the different morphological subgroups and between the break-
point positive, negative, and not tested cases of BL/BLL. All patients with LyLy
except one had a mediastinal mass at presentation. Lung, pericardial, or pleural
involvement was observed in 44%. According to the aa-IPI, 37% of the BL/BLL
and 53% of the LyLy patients had high-intermediate or high risk. Serum LDH
levels were elevated in two thirds of the patients, and in the majority of those
patients in excess of 1.5 times the upper normal level. All but 3 patients had
high-risk lymphoma according to the UKLG risk score.

Treatment Course
Treatment according to protocol including ASCT was completed by 23 (85%)

BL/BLL and 13 (87%) LyLy patients. No patient failed to mobilize adequate num-
bers of CD34-positive cells for transplantation. Involved field radiotherapy after
ASCT was given to six BL/BLL and four LyLy patients. Induction-II was given at
a median of 27 days (range 16-51) and BEAM followed by ASCT at a median of
70 days (range 50-116) after the start of treatment. Six patients (four BL/BLL
and two LyLy) did not complete treatment because of progressive disease (n=3),
less than partial response (n=1), persistent bone marrow involvement after induc-
tion-II (n=1), or pulmonary embolism (n=1). Three of these patients ultimately
reached CR off protocol.

Toxicity
No toxic deaths occurred. The median time from start of treatment to WBC

recovery >1.0 × 109/l was 14 days (range 0-17) after induction-I, 15 days (range
5-29) after induction-II, and 13 days (range 8-30) after ASCT. The median time
from start of treatment to platelet recovery >20 × 109/l was 13 days (range 0-26)
after induction-I, 15 days (range 0-25) after induction-II, and 10 days (range 0-
99) after ASCT. WHO grade 2-3 infections were seen in 40% of patients during
the aplastic phase after induction-I, in 56% after induction-II, and in 50% after
ASCT. No patient had WHO grade 4 infection. Severe mucositis, with CTC grade
3 to 4 was observed in 39% of the patients after Induction-II, and in 39% after
BEAM. This was the major non-hematological toxicity (Table 2). No other grade
4 toxicity was observed.
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Table 2. Toxic side effects by treatment course.

Percentage of patients with toxicity

Induction-I Induction-II ASCT 
(n=42) (n=41) (n=36)

Toxicity CTC-grade 2 3 2 3 4 2 3 4

Oral 12 2 32 12 27 17 17 17
Cutaneous/Allergy 7 – 5 – – 8 – –
Liver 5 5 – 2 – 8 – –
Hemorrhage 2 – – – – 3 – –
Diarrhea – 2 7 – – 8 3 –
Renal – 2 – – – – – –
Cardial 2 – 2 – – 6 – –
Neurotoxicity 5 2 5 – – 8 3 –
Bone pain 2 – – – – – – –
Other 29 2 20 5 – 22 6 –
Infections (WHO grade) 31 10 46 10 – 25 25 –

Table 3. Response and events.

BL/BLL LyLy

N (%) N (%)

Patients 27 (100) 15 (100)
Response on protocol
– Complete remission 22 (81) 11 (73)
– Partial remission 3 (11) 3 (20)
Progression of disease 8 (30) 9 (60)
– Progression before ASCT 1 (4) 2 (14)
– Progression after ASCT 7 (26) 7 (46)

BL/BLL = Burkitt, Burkitt-like lymphoma; LyLy = Lymphoblastic lymphoma; * Median follow-up 61
months.

Response and survival
Response to treatment is summarized in Table 3. The overall response on

protocol was 93% for both, BL/BLL and LyLy. Disease progression (including
relapse) was observed during treatment in one (4%) BL/BLL and two (14%) LyLy
patients, and after completion of treatment in seven (26%) BL/BLL and seven
(47%) LyLy patients. The primary site of progression was nodal (three BL/BLL,
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three LyLy), extranodal (four BL/BLL, two LyLy), or both (one BL/BLL, two
LyLy). Specifically, meningeal disease was observed thrice, in one BL/BLL patient
and one LyLy patient during induction-II, and after ASCT in one BL/BLL patient.
No relapses were observed in the six BL patients who underwent radiotherapy.
Two of the four patients with LyLy who underwent local radiotherapy progressed
after 6 and 20 months, both inside (mediastinal) as well as outside the irradiation
field. Three patients with progression (two BL/BLL and one LyLy) are still alive.
With a median follow up of 61 months of patients still alive, 14 patients have
died, all of lymphoma. No other fatal events were observed. Overall survival at
5 years is estimated to be 81% for BL/BLL (95% CI 61-92) and 46% for LyLy (95%

3  Burkitt lymphoma
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A. OS

B. EFS

Figure 1A and B. Overall (OS), and Event-free survival (EFS).
BL = Burkitt Lymphoma; LyLy = Lymphoblastic Lymphoma
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CI 20-68). Event free survival at 5 years is 73% for BL/BLL (95% CI 51-86) and 40%
for LyLy (95% CI 16-63). Kaplan-Meier curves of OS and EFS are depicted in
Figure 1. No apparent differences were noted in the probability of reaching a
complete remission or progression of disease for age, performance status, stage,
number of extranodal sites, LDH, aa-IPI, UKLG risk, the different morphologi-
cal subgroups or between the breakpoint positive, negative, and not tested cases
in BL/BLL. These subgroups were obviously too small to draw any firm conclu-
sion. Notably, despite the similar initial response rate of patients with BL/BLL
and LyLy, patients with BL/BLL were far less likely to progress than patients
with LyLy.

Discussion

With a median follow-up of more than 5 years, this short intensive therapy fol-
lowed by BEAM and ASCT could cure 80% of patients with BL/BLL without CNS
or extensive bone marrow involvement. However, results in patients with lym-
phoblastic lymphoma were less favorable. Treatment of adult patients with ASCT
according to this protocol was feasible in a multicenter setting. Although mucosal
toxicity was extensive, no patient died of toxicity and serious other toxicities were
not observed. Treatment duration was short, with a median time to last
chemotherapy treatment of only 2.3 months. As has been shown by others (Table
4), a short duration of intensive therapy can be highly effective in BL/BLL. The
initial CR rate is high in most series with only few patients progressing after
2 years.

When our results of up-front ASCT in adult BL/BLL are compared to those
of other treatment approaches reported in the literature, several confounding
issues must be addressed, in addition to the fact that reports of treatment results
on adults are sparse. In general, the pathological diagnosis of BL in adult patients
is extremely difficult.28 Diagnostic difficulties mainly concern some cases of
DLBCL with BL features or BL with somewhat variation in nuclear size and
nucleolar distribution, often called Burkitt-like lymphoma in the REAL classifi-
cation,25 or a-typical BL in the WHO classification, the latter defined as a vari-
ant of BL with a proven MYC/8q24 breakpoint.1 In previous clinical studies con-
cerning treatment outcome of BL these variants have often been lumped together,
especially since ancillary techniques like FISH were not available. In addition, it
has been argued that as BLL represents a high-grade aggressive lymphoma much
closer to BL than DLBCL, inclusion of BLL as a variant of BL is biologically and
clinically more appropriate than absorbing the category of BLL into DLBCL.29

Thus, until now, tumor morphology and immuno-phenotype have been used as
main diagnostic criteria for patient entry in prospective clinical studies on BL, and
we are not aware of clinical studies prospectively based on inclusion of only
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MYC/8q24 positive cases. Although considered to be the pathognomonic hall-
mark of BL, MYC/8q24 breakpoints are not exclusively found in BL but can also
be detected in some morphologically undisputed cases of DLBCL.30 Furthermore,
not all BL have a breakpoint that can be detected by currently used FISH assay.26

Moreover, whether the presence of a MYC/8q24 breakpoint in itself confers a
specific prognostic value for outcome of treatment still remains to be investi-
gated. In the present series of 27 BL/BLL according to the REAL classification no
apparent difference in clinical presentation or outcome was detected between
the different morphological subgroups and between the breakpoint positive, neg-
ative, and not tested cases. However, numbers of patients obviously were too
small to draw any firm conclusions.

Although prognostic factors have been recognized in BL, no formally vali-
dated risk classification according to prognostic factors exists for BL, making
comparison of treatment outcome of different studies difficult. For instance
according to the IPI7 only 37% of our BL/BLL patients had high-risk disease, but
this index has been primarily designed for and validated in patients with aggres-
sive lymphoma treated with CHOP-like chemotherapy, excluding BL/BLL and
LyLy. In childhood BL, the St Jude staging system as developed by Murphy31 has
been widely used for risk classification. According to this classification, 17 (62%)
of our BL/BLL patients had advanced stage disease. For reasons of comparison
with other recently published treatment regimens of adult patients with BL/BLL,
we have also reclassified our patients according to the UKLG risk score.23 This
score, which is equivalent to that used by investigators at NCI in trials 77-04 and
89-C-41 for both childhood and adult BL9 and in Boston for adult BL/BLL,24

showed that 89% of our patients could be classified as high-risk BL/BLL.
Treatment with DLBCL-like regimens may be curative in patients with low-

risk BL, presenting with non-extensive, nodal disease.32-36 However, this treat-
ment approach is not sufficient in patients with high-risk disease, that is, more
extensive and extranodal disease, especially in the presence of extensive bone
marrow and/or CNS involvement.9 Remarkable improvements in the outcome
of patients with high-risk disease, even in those with overt leukemic BL or CNS
involvement, have been attributed to the addition of high-dose intravenous MTX
and Ara-C to the treatment in children,3,4,6 as well as in adults.8-12,23,24,37 At high
dosages both drugs penetrate well the CNS, which may be one of the reasons of
their apparent efficacy. The HOVON-27BL does not contain high-dose MTX and
only low-dose Ara-C in the BEAM regimen. Although CNS prophylaxis was
mandatory in patients with BL and LyLy at the time this study started, the opti-
mal prophylaxis including the type and amount of (intrathecal) drugs was still
under debate and the toxicity of high-dose intravenous MTX and or Ara-C, espe-
cially in elderly patients, well documented.8-12 Apart from intrathecal MTX (at
that time our standard prophylactic intrathecal regimen for lymphoma), our pro-
tocol incorporated intravenous high-dose etoposide in the induction regimen as
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well as high-dose carmustine in the BEAM regimen, drugs both well able to pen-
etrate the blood-brain barrier. We omitted high-dose intravenous MTX or Ara-
C in our regimen to avoid possible excessive toxicity. Whether, in retrospect, this
was sufficient for CNS prophylaxis in BL patients without extensive CNS or bone
marrow involvement is debatable, given one BL with meningeal disease during
induction treatment.

In contrast to our results in BL/BLL, patients with LyLy fared less well. The
discrepancy between LyLy and BL treated with the same regimen is remarkable,
suggesting that treatment outcome is more dependent on the type of tumor cell
than on clinical presentation. BL, like most aggressive lymphomas originating
from follicle center cells, seems to respond well to this lymphoma-type regimen.
In contrast, LyLy, derived from precursor B- or T-cells, ultimately responded
poorly to this short treatment. Although a comparable complete remission rate
of 73% was reached, a substantial number of patients with LyLy relapsed and
EFS was only 40% at 5 years. The number of LyLy patients treated with this reg-
imen was too small to draw firm conclusions on any relation with either original
extent of disease or the pattern of relapse. As has been the experience in the
treatment of children with LyLy,38 this type of lymphoid malignancy probably
needs treatment of longer duration as in acute lymphoblastic leukemia.39 We
and others have reported excellent results with 2-3 years maintenance therapy
together with consolidation courses after induction chemotherapy in adult pre-
cursor B- and T-ALL.16,40 Whether additional benefit can be obtained by ASCT
in patients in first CR remains questionable. A randomized multicenter study in
adult patients with LyLy, comparing ASCT with conventional-dose chemother-
apy in patients responding to induction chemotherapy failed to show a survival
benefit for the ASCT arm, although this study had to be closed before the pro-
jected number of patients was reached because of accrual problems.41

Given the small numbers of adult patients with BL/BLL, the different mix of
risk factors, histologies, staging classification and follow-up presented in the lit-
erature, it is difficult to directly compare the results of the HOVON-27BL regi-
men with those of other treatment schemes (Table 4). The 81% overall survival
and 73% event free survival, at 5 years are excellent, without the use of high-
dose MTX and high-dose Ara-C. Evidently, only phase III trials can answer the
question how this scheme compares to the usually applied regimens for adult
patients with BL/BLL. Given the rarity of the disease in adults, this will require
a world wide intergroup organization.

3  Burkitt lymphoma
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Although Burkitt’s lymphoma (BL) is classified as one entity in the WHO
classification, we wondered whether BL should not be considered as a
different disease in children compared with adults.

Netherlands Cancer Registry (NCR) data were obtained from 1994 to1998
(n=203). Detailed clinical data from two treatment protocols were
compared: one for adults up to the age of 65 years (n=27), and one for
children (n=80). All slides of the two clinical studies were centrally
reviewed which included immunophenotyping and when necessary
breakpoint analysis of MYC/8q24. Only cases with an unambiguous
diagnosis of BL (classical and atypical BL) were accepted.

The age distribution of BL-patients showed a bimodal distribution with
a peak at the paediatric age and a steady increase after approximately
60 years of age. Most of the patients were males (89% for children and
78% for adults) and only male patients showed this bimodality. Children
more often had extranodal disease (81% v. 59%), whereas adults more
often had nodal disease (89% v. 53%).

Based on epidemiology and clinical presentation the concept that BL is
one disease should be re-challenged.

Introduction

Burkitt lymphoma (BL) is a highly aggressive type of non-Hodgkin’s lymphoma
(NHL).1 Among all NHL in Western Europe, BL comprises 5% at most.1 However,
this percentage differs remarkably between children and adults. If patients with
an immune deficiency are excluded, BL comprises approximately 40% of NHL
cases in children compared to only 1-2% in adults.1,2 Although the incidence of
NHL is much higher in adults than in children, the incidence rates for BL in chil-
dren are still twice as high as in adults.3

Thus far, there is no explanation for this difference in incidence. Although
BL is classified as a single (‘real’) entity in the World Health Organisation (WHO)
classification,1 we and others4 wondered whether BL should not be considered
a different disease in children compared with adults. The fact that two other lym-
phoid malignancies, precursor B-cell acute lymphoblastic leukaemia (ALL) and
anaplastic large cell lymphoma (ALCL), have a different genetic make up and
also clinically behave differently in children and adults1,5,6 might also support our
hypothesis.

In spite of the large number of clinical and epidemiological studies on BL in
either children,7-10 adults,11-13 or both,14,15 few investigators have addressed pos-
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sible differences between these two groups regarding epidemiology and clinical
presentation.4 Because of both the presence of a national cancer registry and the
fact that many BL patients are treated in clinical trials, thoroughly recorded epi-
demiological and clinical data are available on this disease in the Netherlands.

This gave us the opportunity to study the epidemiological and clinical char-
acteristics of BL in children versus adults with a focus on possible differences.

Patients and methods

Epidemiological data
Epidemiological data on BL in the Netherlands were retrieved from the

Netherlands Cancer Registry (NCR). The NCR is a nation-wide, population-based
cancer registry containing data on the incidence, tumour localisation, stage and
classification of all malignant neoplasms.16In this database, BL is defined accord-
ing to the International Classification of Diseases for Oncology (ICD-O-3)17 as
morphology code 9867/3. Data from this registry were obtained from all registered
BL patients in the period 1994 to1998. Patients were grouped in cohorts of 15
years. Incidence data were calculated using additional population data from
Statistics Netherlands (CBS, Amsterdam, the Netherlands).

Clinical data
The NCR does not contain reliable data on the clinical characteristics neces-

sary to test whether or not BL is one disease. For instance, data on the site of
biopsy are available but this does not necessarily correspond to the primary site
of clinical presentation of the tumour. Therefore, clinical data of patients from
two treatment protocols were used: the SNWLK-NHL-94 protocol for children
aged 0-15 (SNWLK is currently called SKION) and the HOVON-27-NHL-94 study
for adults aged 16-65 years.

The HOVON (Dutch-Belgian Haemato-Oncology Co-operative Study Group)
study was a multicentre phase II study performed between 1994 and 2002 in
newly diagnosed patients aged 16-65 with high-risk (defined by stage and lactate
dehydrogenase (LDH)), intermediate- or high-grade NHL as defined according
to the Working Formulation (this classification system was used for entry of
patients since this clinical study started before publication of the Revised
European American Lymphoma (REAL) and WHO classification). According to
the HOVON protocol, BL patients were excluded if they had prior treatment or
any other malignancy, HIV positivity, immune deficiency, or presented with
severe major organ dysfunction or metabolic disease, a WHO performance sta-
tus >2, central nervous system (CNS) involvement, a manifest leukaemic phase
of BL (bone marrow (BM) involvement >30% or >5% malignant cells in the blood),
or Ann Arbor stage I non-bulky (<10 cm) disease with normal serum LDH.

Gender and age-related differences in Burkitt lymphoma
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The SNWLK (Dutch Childhood Oncology Group) protocol was the standard
treatment protocol for children aged 0-15 years with any B-NHL in the
Netherlands, including all cases of paediatric BL.

All patients underwent standard staging procedures. Lymph node involve-
ment in the abdomen was always confirmed by CT scanning or (rarely in chil-
dren) ultrasound. Multiple extranodal intra-abdominal localisations were coded
as disseminated abdominal mass. For the comparison of the clinical data between
children and adults, a selection of paediatric patients from the SNLWK was made
according to the inclusion criteria of the adult HOVON protocol, as the latter was
the most restrictive (Figure 1). For these selected patients the following clinical
data were retrieved: patient characteristics, blood and bone marrow investiga-
tions, tumour pathology and the stage and localisation of the tumour. We deter-
mined the Murphy18 and Ann Arbor19 stage for both groups according to the
localisation and extent of the tumour. The variables LDH level, Ann Arbor stage
and Performance Status determined the age-adjusted International Prognostic
Index (IPI),20 although we realise that the classical IPI was neither designed for
children nor validated for BL.

Figure 1. Flow chart clarifying the patient selection for clinical comparison of
children versus adults.
Right part: adult BL patients entered in the HOVON-27-NHL-94 study. 
Left part: childhood BL entered in the SNWLK-B-NHL-94 study. 
Of note, the HOVON-27-NHL-94 study was designed for a large variety of aggressive lymphoma
cases including DLBCL, which explains why so many cases were not included in the present study
on BL. 
CNS = central nervous system; WHO = World Health Organisation; BM = bone marrow; 
FL = follicular lymphoma; PA = pathology; ALCL = anaplastic large cell lymphoma; 
PTLD = post-transplant lymphoproliferative disease; PTCL = peripheral T-cell lymphoma.
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Central pathology review
All cases from both the adult (HOVON) and paediatric (SNWLK) protocols

were submitted to central pathology review. The HOVON cases were reviewed
by one expert haematopathologist and the SNWLK cases were reviewed by a
panel of pathologists (including the hematopathologist). All cases that did not
fulfil the criteria of classical BL or atypical BL according to the WHO classifica-
tion1 were rejected, with the aim of selecting all unambiguous BL patients. In all
cases, immunohistochemistry was performed (see below) to exclude DLBCL with
Burkitt’s features and precursor B-cell lymphoblastic lymphoma/leukaemia.
Classical BL was defined according to the WHO classification,1 based upon the
characteristic monomorphic morphology in combination with a positive immuno-
histochemical staining on formalin-fixed and paraffin-embedded tissue sections
for CD20 (or CD79a), CD10 and bcl-6, a high proliferation rate defined by a MIB-
1/Ki-67 labelling index of >95% and the absence of bcl-2 expression in the tumour
cells. In all cases with an atypical morphology compatible with a diagnosis of
atypical BL,1 the additional demonstration of a MYC/8q24 breakpoint was
requested as determined by conventional cytogenetic or fluorescent in situ
hybridisation analysis.21,22 Diffuse large B-cell lymphoma (DLBCL) with mor-
phologic features of BL (e.g. starry sky and monomorphic appearance, high MIB-
1/Ki-67 labelling index) were excluded as much as possible using morphology,
the abovementioned immunohistochemical markers as well as fluorescent in situ
hybridisation (FISH) analysis for MYC/8q24 breakpoints and BCL2/18q21 break-
points.21,22

Statistics
Descriptive statistics were used for all data. Differences between non-para-

metric data were analysed with the Fisher’s Exact Test or the Pearson chi-square
Test. Continuous data were analysed with either the Student t-Test for normally
distributed data or the Mann-Whitney U Test for skewed distributed data.

Incidence rates (IR) were calculated per million person-years. Ninety-five
percent confidence intervals (95% CI) around the incidence rates were calcu-
lated under the Poisson distribution assumption. In addition, multivariable
Poisson regression analysis was performed to evaluate the effect of age, as well
as sex, on the incidence of BL.

Results

Epidemiological data of the Netherlands Cancer Registry (NCR)
In the period 1994 to1998, a total of 203 BL patients (137 males and 66

females) were registered in the NCR (Table 1). As Figure 2 shows, BL occurred
at all ages, but was more frequently observed in children as compared with adults,
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with incidence rates of 4.4 (95% CI: 3.4 to 5.6 and 2.2 (95% CI: 1.8 to 2.6), respec-
tively. It also shows that the incidence (IR) of BL was higher in males than in
females (IR of 3,5 (95% CI: 3.0 to 4.2) for males compared to 1,7 (95% CI: 1.3 to 2.1)
for females).

Table 1. Epidemiology of Burkitt’s Lymphoma in The Netherlands 
(NCR data registry 1994-1998).

0-15 Years 15-60 Years >60 Years Total

N=66 N=89 N=48 N=203

Age (years)
– Median 7.5 36 71.5 34
– Range 2-15 16-60 61-89 2-89
Gender
– Male 54 (82%) 57 (64%) 26 (54%) 137 (67%)

Figure 2. Incidence of BL patients in The Netherlands.
Incidence data were calculated using population data from Statistics Netherlands and epidemio-
logical data from the Netherlands Cancer Registry (NCR). Bars represent the mean number of new
patients per million inhabitants of that age cohort per year over the period 1994-1998 in The
Netherlands. Note that the age cohorts are different for children (cohorts of 5 years each) than for
adults (cohorts of 15 years each).
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Multivariable analysis, with age and sex as independent variables, showed
both age and sex as strong predictors of the occurrence of BL. In addition, a sig-
nificant interaction of age and sex (p=0.02) was observed, indicating a different
relationship between age and the occurrence of BL in males and females. In the
male patients, a bimodal age distribution with a peak for the paediatric age group
of 0 to15 years and a steady increase after approximately 60 years of age was
observed. Boys had a significantly higher risk of BL compared with male adults
below and over the age of 60 years, with relative risks of 3.2 (95% CI: 2.2 to 4.6,
p<0.01), and 1.6 (95% CI: 1.0 to 2.5, p=0.048) respectively. Adult males over 60
years had a doubled risk of BL (95% CI: 1.3 to 3.2, p<0.01) compared with adult
males below the age of 60 years. In female patients, such a bimodal distribution
was not observed. Girls had a comparable risk of BL compared to female adults
below the age of 60, with a relative risk of 0.9 (95% CI: 0.4 to 1.7, p=0.68) for the
adults, compared with children. In female adults above the age of 60 years the risk
had increased significantly, compared with adults below 60, with a relative risk
of 2.0 (95% CI: 1.2 to 3.5, p=0.01).

Clinical data
After central pathology review, 28 adult patients from the HOVON-27 study

and 106 paediatric patients from the SNWLK protocol fulfilled the final diagno-
sis of classical or atypical BL. All DLBCL with BL features were excluded, as
were all other aggressive lymphoma cases (see Figure 1).

Using the HOVON eligibility criteria for selection, 27 adults and 80 children
remained for comparison of clinical characteristics (Figure 1). Twenty-six chil-
dren were left out from the comparative analysis, mainly because of initial CNS
involvement or extensive bone marrow disease. These 26 patients had a median
age of 7 (range, 0 to14 years), 70% was male, 14% had a normal LDH, 90% had
more than 2 extranodal sites, and almost all (96%) had by definition Murphy stage
III/IV disease. However, statistically, if we group together all patients and com-
pare them with the selected patients, no significant differences were observed as
far as age, gender and LDH levels were concerned. Clinical characteristics of the
selected patients are shown in Table 2. In concordance with the NCR data, a
male preponderance was seen both in children (89%) and adults (78%). The large
majority of patients had a good performance status at presentation (72% of the
children and 85% of the adults had a performance score of 0 to 1). Bone marrow
involvement (with less than 30% blasts; see inclusion criteria in Figure 1)
occurred only incidentally (3% in children, 11% in adults). LDH levels were higher
in children compared with adults (p=0.05).

When comparing all tumour localisations, extent and stages (Table 2), sev-
eral differences between children and adults were apparent. The most striking
difference was that children more often had extranodal disease compared with
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Table 2. Clinical data and tumour localisation in selected SNWLK and HOVON
patients (1994-2002).

Children (n=80) Adults (n=27)

Age (years)
– Median (range) 7 (0-15) 35 (16-64)
Gender
– Male 71 (89%) 21 (78%)
LDH (U/l)
– Normal 16 (24%) 9 (33%)
– Elevated

- >1x upper limit of normal 22 (34%) 12 (44%)
- >2x upper limit of normal 12 (18%) 4 (15%)
- >4x upper limit of normal 18 (26%) 2 (7%)
- No data 12

Involvement
– Nodal sites only 16 (20%)† 11 (40%)†

– Nodal and extranodal sites 26 (33%) 13 (48%)
– Extranodal sites only 38 (48%)* 3 (12%)*
Extranodal sites involved
– 1 28 (35%) 8 (30%)
– ≥2 36 (45%) 8 (30%)
Specification of extranodal sites
– Paranasal sinus/jaw 7 (9%) 1 (4%)
– Lung 4 (5%) 2 (7%)
– Pleura/pleural fluid‡ 16 (20%) 1 (4%)
– GI-tract

- Ascites§ 19 (24%)† 1 (4%)†

- Omentum 12 (15%) 3 (11%)
- Intestinal tract 34 (43%) 7 (26%)
- Ileocaecal 27 (34%) 4 (15%)

– Liver 8 (10%) 1 (4%)
– UG-tract 12 (15%) 3 (11%)
– Bone marrow 2 (3%) 3 (11%)
– Other 5 (6%) 4 (15%)
Disseminated abdominal mass# 16 (20%) 5 (19%)
Bulky disease
– 0-5 cm 15 (28%) 7 (28%)
– 5-10 cm 23 (44%) 3 (12%)
– >10 cm 15 (28%)† 15 (60%)†

– No data 27 2
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adults: exclusively extranodal disease was found in 48% of the children and 12%
of the adult patients (p=0.001). Preferential extranodal sites in children were the
ileocaecal region, ascites and pleura/pleural fluid. In reverse, adult patients pre-
sented more frequently with exclusively nodal disease (p=0.04), and more often
in lymph nodes of the head and neck region (41% v. 19%, p=0.04) as well as the
retroperitoneum (44% v. 16%, p=0.01). Furthermore, more adults than children
had a large tumour of >10 cm (60% v. 28%, p=0.01). According to the Murphy clas-
sification the percentage of patients with advanced stage disease were compa-
rable. In the Ann Arbor classification, more paediatric than adult patients tended
to have advanced disease (stage III-IV), reflecting the higher incidence of extra-
nodal disease in children, but this difference was nonsignificant. Additionally, the
age-adjusted IPI seemed to be higher in children compared to adults, but this dif-
ference was also not significant (p=0.07).

Discussion

Few lymphoid neoplasias present both in children and adults. The most com-
monly shared disorders are Burkitt lymphoma (BL), anaplastic large cell lym-
phoma (ALCL) and acute lymphoblastic leukaemia (ALL). This common pres-
entation in children and adults might suggest that these malignancies are
homogeneous disorders. However, whereas this is apparently supported by the
uniform histology, more refined analyses including (molecular) genetic data sup-
port the concept of tumour heterogeneity between children and adults. In ALCL,
the paediatric cases commonly contain a chromosomal translocation with involve-
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Children (n=80) Adults (n=27)

Ann-Arbor Stage
I-II 33 (41%) 15 (56%)
III-IV 47 (59%) 12 (44%)
Murphy Stage
I-II 24 (30%) 10 (37%)
III-IV 56 (70%) 17 (63%)
Age-adjusted IPI
0-1 28 (41%) 17 (63%)
2-3 40 (59%) 10 (37%)
No data¶ 12

† p<0.05; * p<0.001; ‡ 7 of 16 cases (44%) were cytologically proven; § 8 of 19 cases (42%) were
cytologically proven; # Localisations coded as ‘disseminated abdominal mass’ in the SNWLK
dataset could not precisely be staged according to the Ann Arbor classification and were coded as
Ann Arbor stage III-IV; see materials and methods; ¶ Due to missing LDH values.
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ment of the ALK gene. In contrast, this translocation is relatively uncommon in
adult cases.1,5,6 The presence of this translocation or one of its variants is asso-
ciated with a more favourable prognosis. Similarly, genetic and clinical differ-
ences are present between ALL in children and adults.1 In analogy to these obser-
vations in ALCL and ALL, and driven by a difference in incidence between
children and adults, we wondered whether BL should or should not be regarded
as one disease entity in children and adults. Based on the histology and addi-
tional immunophenotype and cytogenetics, BL seems to be one disease. Almost
all cases harbour a chromosomal breakpoint at 8q24 involving the MYC onco-
gene. However, other molecular data are limited,24,25 and more detailed investi-
gations including gene expression studies may be very informative with respect
to the question whether BL is really one disease.

In the present investigation, we approached this problem by studying both the
epidemiology and the clinical presentation of BL. To study the epidemiology we
used data from the NCR covering all BL patients diagnosed in the Netherlands.
For the clinical presentation we used data from two treatment protocols for BL
in the Netherlands.

In agreement with other publications,1-3 the NCR data showed that BL is
more common in children than in adults. In agreement with others26,27 we also
observed a bimodal age distribution, with a peak incidence at 6-10 years and a
steady increase of incidence after approximately 60 years of age. This supports
the hypothetical existence of two disease entities for the different age groups.
Of note, this bimodality was exclusively present in the male patients. For female
patients the incidence was remarkable stable at 1-3 new cases per million inhab-
itants for all age categories. This difference between both sexes might suggest
essential differences in the disease itself or its genetic background, however a
biological basis for this assumption remains speculative. In this regard, the male
preponderance in both children and adults, observed by us and others3,8-12 is
intriguing.

Regarding the clinical presentation of BL in our patient cohorts, we found
several differences between children and adults concerning tumour localisation,
extent and stage. Of note, both cohorts were matched regarding the various inclu-
sion and exclusion criteria, which resulted in the exclusion of patients (paediatric
and adult) with very advanced disease (i.e. CNS and/or BM involvement).
Remarkably, frequency and extent of extranodal involvement was more pro-
nounced in children, whereas nodal involvement was more prominent in adults.
The biological basis of nodal versus extranodal involvement is still largely
unknown. These differences might reflect complex differences in expression of
chemokines and chemokine receptors as well as adhesion molecules and pro-
teases involved in cellular motility.28 Also differences in the microenvironment
of the tumour cells at different ages of the patient might play an important role.
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For example, the involvement of the breast occasionally seen in pubertal girls or
lactating women, suggest that similar tumour cells show a different behaviour and
localisation dependent on the presence of the appropriate microenvironment.29

Bulky disease as defined by masses larger than 10 cm was more frequent in
adults than in children. This might be related to the fact that relatively smaller
masses will be diagnosed earlier in children, but this may also be related to the site
of the tumour. For instance, a relatively small mass in the ileocaecal region might
result in early clinical symptoms due to intestinal invagination, a well-known com-
plication in BL of childhood. LDH levels were higher in children than in adults. This
might suggest that BL in children is a more rapidly growing tumour.30

Concerning the possibility to generalise our results we would like to stress that
our epidemiological data represent all BL patients in the Netherlands registered
over a five-year period. In contrast, the clinical data represent a certain selection
of BL patients, i.e. below the age of 65 years without a manifest leukaemic phase,
CNS involvement or poor performance status. Whereas the NCR data can be con-
sidered representative for the incidence in Western Europe, the clinical data need
to be interpreted with caution. Given the rarity of the disease, larger series with
detailed clinical information will be very difficult to collect.

In conclusion, BL shows a remarkable pattern of incidence with respect to age
and gender, and it may be assumed that the clinical presentation in children is
different from adults. Thus far, histological, immunophenotypical and genetic
data support the idea that BL should be considered as a single disease entity.
However, our observations argue for further studies. New tools, such as gene
expression arrays might give more insight into the different behaviour of this
aggressive lymphoma in children compared to adults.
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Posttransplant lymphoproliferative disease (PTLD) is a major compli-
cation after solid organ transplantation. We analyzed incidence, patient
characteristics, clinical presentation, and prognostic factors for
treatment outcome and survival of PTLD patients transplanted at our
center. 

Records from adult kidney and lung transplant recipients, transplanted
between January 1985 and December 2002 with a histological confirmed
diagnosis of PTLD, were retrieved. Histology was reviewed and
prognostic factors for treatment outcome were evaluated by
multivariable analysis. 

Out of 1354 kidney and 206 lung transplants, PTLD was diagnosed in 
40 transplant recipients (2.6%). Lung transplant recipients had a
significantly higher incidence of PTLD (8.3%) than kidney transplant
recipients (1.7%). Sites of presentation were highly heterogeneous.
Notably, PTLD localized in the allograft occurred significantly earlier
after transplantation than PTLD localized outside the allograft (p=0.001).
This was true for lung (p=0.006) as well as for kidney transplant
recipients (p=0.03). In multivariable Cox regression, performance status
(p=0.01) and advanced stage (p=0.04) were factors negatively predictive
for response to first line treatment. Only performance status remained
as negative predictive factor for survival (p=0.002) and freedom from
tumor progression (p=0.01). 

In conclusion, the allograft is significantly more often involved as
primary site of PTLD presentation during the first post-transplant year.
This may have clinical consequences and give new insights in
pathogenesis of PTLD. Performance status and stage are important risk
factors for outcome of PTLD.

Introduction

Post-transplant lymphoproliferative disease (PTLD) is a life threatening com-
plication after solid organ transplantation. Epstein-Barr virus (EBV) seems to
play a major role in the pathogenesis of PTLD. EBV-induced lymphoprolifera-
tive disorders are considered to result from proliferating latently infected B-cells
in the absence of an appropriate EBV-specific cytotoxic T-cell response, proba-
bly caused by the immunosuppressive regimen after transplantation. Although
some EBV negative cases have been observed, EBV encoded RNA (EBER) is
commonly detectable in PTLD lesions.1-3 Lymphomas arising early after trans-

126

vImhoff-4 XP  28-11-2006  13:24  Pagina 126



plantation are almost all EBV-positive, whereas PTLD arising late after trans-
plantation may also be EBV-negative.4 An increased proliferation of EBV infected
B-cells can often be detected by measuring the amount of circulating EBV-DNA
using a quantative-competitive polymerase chain reaction (qPCR). This assay
can be very useful in identifying transplant recipients at risk for the develop-
ment of PTLD.1,5-7 The most important risk factors for development of PTLD
after solid organ transplantation are primary EBV infection as well as immuno-
suppression after transplantation, especially induction and rejection therapy
with anti-T-cell antibodies.8,9 The incidence of PTLD is highest during the first
post-transplant year which is probably related to the intensity of initial immuno-
suppression.10 Other known risk factors are primary Cytomegalovirus (CMV)
infection11 and younger recipient age at time of transplantation.9 The incidence
varies depending on the type of organ transplanted, with the highest incidence
found in lung and small bowel transplantation, whereas kidney transplant recip-
ients have a much lower incidence.10,12 This is probably also related to the higher
intensity of the immunosuppression in lung and small bowel transplantation as
compared with kidney transplantation.12

No standard treatment for PTLD has been established yet. The most impor-
tant initial strategy is reduction of immunosuppression.13-15 However, this is not
always feasible because of the risk of rejection of organs for which no organ
replacement therapy (i.e. hemodialysis) exists. Although antiviral agents against
human herpes viruses such as acyclovir and gancyclovir are frequently admin-
istered, their value in the management of PTLD is still unclear.16 Poly-
chemotherapy with cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) has been widely used as first-line treatment in the past, but this type of
treatment is associated with substantial morbidity and mortality.15,17 Currently,
anti-B-cell monoclonal antibody therapy, especially anti-CD20 (Rituximab),
which has proven its value in the management of other lymphoma types, has
become first line treatment of PTLD.18-20 Polychemotherapy is nowadays only
reserved for patients in whom other treatment options have failed or when PTLD
is CD20 negative.

Treatment outcome of PTLD is influenced by several factors. Bad perform-
ance status at diagnosis and multiple localizations of PTLD have been identified
as negative predictors for overall survival.21 For outcome of treatment with mon-
oclonal antibodies, multivisceral disease, central nervous system involvement
and late onset of PTLD have been identified as key risk factors.18

We analyzed incidence, patient characteristics, clinical presentation and
prognostic factors of importance for treatment outcome and survival of PTLD in
patients transplanted at our center between January 1985 and December 2002.
During the study time frame, more than 1500 kidney and lung transplants have
been performed at our center.

Early PTLD is localized in the allograft
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Patients and methods

Patients
We retrieved all records from adult transplant recipients in our hospital with

a histological confirmed diagnosis of PTLD after kidney and/or pancreas trans-
plantation, lung and heart-lung transplantation. The kidney transplant program
was studied from January 1985 until December 2002; the lung and heart-lung
transplant program was studied from the start of the program in January 1990
until December 2002. All PTLD observed until December 2003 presenting in
transplant recipients transplanted during the study time frame were included. All
PTLD were reviewed and classified according to the modified WHO classification
as proposed by Nalesnik in 2001.22 The presence of EBV in PTLD lesions was
determined by EBER in situ hybridization.

Clinical features, laboratory data, clinical staging, underlying disease respon-
sible for transplantation, immunosuppressive regimen after transplantation,
rejection episodes and management of these episodes, time to PTLD, site of
PTLD, type of treatment and response to treatment were documented. The
International Prognostic Index (IPI) was applied. This index, initially developed
for aggressive non-Hodgkin’s lymphoma23 and not validated for PTLD is based
upon five adverse prognostic factors (age >60 years, performance status >1, serum
lactate dehydrogenase (LDH) greater than the upper normal limit, Ann Arbor
stage24 >II and number of extranodal sites >1) and distinguishes patients at ini-
tial diagnosis in terms of the likelihood of response to treatment, progression
and overall survival. Although age >60 was used for categorization according to
IPI, age above 50 years instead of 60 years was taken as cutoff point for
dichotomization and analysis of individual prognostic factors because only four
patients in our study population were older than 60 years. Performance status
was assessed according to the Eastern Cooperative Oncology Group (ECOG) clas-
sification,25 in which 0 indicated that the patient had no symptoms; 1, the patient
had symptoms but was ambulatory; 2, the patient was bedridden less than half
the day; 3, the patient was bedridden half the day or longer; and 4, the patient was
chronically bedridden and required assistance with the activities of daily living.
Performance status was classified as 0 or 1 (the patient was ambulatory) or 2, 3,
or 4 (the patient was not ambulatory) (equivalent Karnofsky scores, >80 and <70).

Immunosuppressive protocols
All lung and heart-lung transplant recipients received three doses of anti-thy-

mocyte globulin (ATG) during the first week after transplantation. Kidney trans-
plant recipients received induction therapy with anti-T-cell antibodies only when
they were considered to be at high risk for rejection. This was defined as highly
immunized patients with HLA antibodies (panel reactive antibodies >86%) or re-
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transplantation patients who had lost their allograft due to rejection. These trans-
plant recipients received two doses of ATG or anti-T-cell receptor monoclonal
antibody (OKT3) (before 1990) during the first week after transplantation.

Immunosuppressive maintenance therapy after transplantation changed sev-
eral times during the time frame of this study. From 1985 onwards, almost all
renal transplant recipients were treated with Cyclosporine A (CsA) combined
with Azathioprine (Aza) and Prednisolone (Pred). After 1998 immunosuppres-
sion consisted of CsA, Pred and Mycophenolate Mofetil (MMF). All lung and
heart/lung transplant recipients received CsA combined with Aza and Pred as
immunosuppressive maintenance therapy.

From June 2001 onwards lung transplant patients received induction therapy
with anti-IL-2 receptor monoclonal antibodies (Basiliximab) and maintenance
therapy with Aza, Pred and FK506 (Tacrolimus). At the same time a prospective
study was started in which immunosuppression is to be tapered according to the
EBV-DNA load as measured by whole blood PCR. Results of this study and how
it affected incidence after June 2001 are not available yet because to few patients
have been included for meaningful analysis.

Therapy of rejection
Acute rejection periods, i.e. interstitial type for kidney transplant recipients,

were treated with high doses Methylprednisolone (3 × 1000 mg). In case of an
insufficient response to Methylprednisolone or vascular type of rejection in kid-
ney transplant recipients, ATG was administered. Patients with severe rejection
over a period of time were converted to another immunosuppressive regimen. In
most cases CsA was changed to FK506 (for kidney transplant recipients) and/or
Aza converted to MMF.

Reduction of immunosuppression
Reduction of immunosuppression usually was the first step of treatment after

diagnosis of PTLD. In most cases CsA was lowered or even stopped and Aza was
reduced with 50%. After 1998, when kidney transplant recipients were treated
with MMF instead of CsA, MMF was lowered or stopped. There was no difference
in reduction regimen between patients treated with reduction of immunosup-
pression only and patients treated with other modalities along with reduction of
immunosuppression.

Endpoints
Endpoints in this study were response to first line treatment, overall survival

(OS) and freedom from tumor progression (FFTP). Response was assessed at 3
months after initiation of therapy for PTLD and classified as either complete
(CR), partial (PR) or progressive disease. Overall survival and FFTP were meas-
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ured from date of PTLD diagnosis until date of event; patients without event
were censored at date of last follow-up. For OS, an event was defined as death
due to any cause. For FFTP, an event was defined as PD, relapse or death due
to PTLD.

Statistics
Patient characteristics are presented as counts and percentages, for cate-

gorical variables, and as medians with ranges for continuous variables. Freedom
from PTLD was estimated by the method of Kaplan-Meier, and actuarial inci-
dences derived. In patients with PTLD, predictors of overall survival and free-
dom from tumor progression were identified by using Cox proportional hazard
survival analysis. All clinically relevant covariates significant at a p level of 0.10
in univariate analysis were included in the multivariable analysis. A backward
elimination strategy was used to achieve the most suitable model to estimate the
hazard ratios (HR).

Furthermore, multivariable logistic regression was used to evaluate deter-
minants of response to first line treatment. The same model-building strategy
was used as in the survival analysis. In addition, for the evaluation of differences
in time between PTLD with or without primary presentation in the allograft,
Mann-Whitney U test was used. A two-tailed p value of less than 0.05 was con-
sidered to indicate statistical significance. All analyses were performed using
SAS software, version 8.0 (SAS-Institute inc., Cary, North Carolina, USA).

Results

Incidence of PTLD
At the end of our study period (December 31, 2003), PTLD had been diag-

nosed in 40 out of 1560 (2.6%) transplant recipients transplanted between January
1985 and December 2002. Two of these patients were diagnosed at post mortem
examination. The proportion of patients with PTLD was 8.3% (17 of 206) in lung
transplant recipients, as compared to 1.7% (23 of 1354) in kidney transplant recip-
ients. Especially during the early post transplant period lung transplant recipi-
ents were at an increased risk for PTLD as compared with kidney transplant
recipients, reflected by the significantly higher actuarial PTLD incidence
(Figure 1) (p<0.001).
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Figure 1. Actuarial incidence in lung and kidney transplant recipients.

Patient characteristics
The main characteristics of 40 patients with PTLD are described in Table 1.

Approximately two-third of the PTLD population was male, in concordance with
the fact that more than 60 percent of all patients transplanted were male. The
median age (45 years, range 19-71 years) at time of transplantation of patients
who developed PTLD did not differ from those who did not develop PTLD. Time
of onset of PTLD after transplantation varied. Almost half of all PTLD cases
(48%) were observed within the first year after transplantation.

Most patients presented with Ann Arbor Stage IE or stage IV disease.
Approximately 80% of PTLD patients had serum LDH levels above the upper
limit of normal (>235 U/l). A poor performance status (performance status >1) was
observed in 16 patients (40%). In seven out of these 16 patients this could be
attributed to other diseases than PTLD, such as bronchiolitis obliterans syn-
drome in lung transplant recipients.

Primary site of PTLD presentation was heterogeneous and frequently extra-
nodal. Most PTLD presented in the allograft or in the digestive tract. PTLD local-
ized in the allograft occurred significantly earlier after transplantation as com-
pared to PTLD localized outside the allograft (median 4.5 months, range 1-99
months versus median 51 months, range 2-172 months, p=0.001; Figure 2). This
relation was found for lung as well as kidney transplant recipients when ana-
lyzed separately. In kidney transplant recipients, allograft involvement as primary
site of disease was observed in three out of ten patients (30%) who developed
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Table 1. Patient characteristics.
N (%)

#Patients 40 (100)
Age (years) at diagnosis of PTLD median (range) 48 (21-74)
PTLD onset (months) after transplantation median (range) 26 (1-172)
Male 26 (65)
Type of transplant
– Kidney* 23 (58)
– Lung** 17 (42)
Sites of involvement
– Extranodal 29 (73)
– Nodal 3 (8)
– Both 8 (19)
Number of extranodal sites
– >1 8 (20)
Extranodal sites of involvement***
– Lung and surrounding tissue 13 (33)
– Liver 6 (15)
– Kidney 6 (15)
– Colon/Rectum 6 (15)
– Cerebrum 5 (13)
– Small bowel 3 (7)
– Stomach 2 (5)
– Heart 2 (5)
– Other 12 (30)
Performance Status (ECOG)
– 0-1 24 (61)
– 2-4 14 (34)
– Diagnosis at post-mortem examination 2 (5)
Ann Arbor Stage
– I/IE 23 (60)
– II 0 (0)
– III 2 (5)
– IV 15 (35)
LDH
– < upper limit of normal 8 (20)
– < 2 × upper limit of normal 18 (45)
– > 2 × upper limit of normal 14 (35)
IPI****
– 0/1 (low-risk) 11 (28)
– 2 (low-intermediate) 13 (32)
– 3 (high-intermediate) 9 (23)
– 4/5 (high-risk) 7 (17)

* Including one combined kidney pancreas and one single pancreas transplantation; 
**Including one heart/lung transplantation; *** Including patients with multiple extranodal 
localizations; **** International Prognostic Index.
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PTLD during the first post transplant year (early-onset), compared with none of
the 13 patients who developed PTLD more than one year after transplantation
(late-onset) (p=0.03). In lung transplant recipients, allograft as primary site of
disease was observed in eight out of nine patients (89%) with early-onset PTLD
versus one out of eight (13%, p=0.006) patients with late-onset PTLD.

Figure 2. Primary site of PTLD presentation and time after transplantation.

The majority of PTLD lesions were diffuse large B-cell lymphoma (DLBCL)
type according to the modified WHO classification (Table 2). The large majority
of PTLD (33 out of 38, 87%) in which it was possible to determine tumor EBV
status, were EBER positive. EBV negative PTLD lesions occurred significantly
later after transplantation (median 103 months, range 44-172 months) when com-
pared with EBV positive PTLD lesions (median 9 months, range 1-136 months,
p=0.008). All cases with allograft involvement during the first post transplant
year in which it was possible to determine tumor EBV status were EBER posi-
tive.
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Table 2. Histopathological features of PTLD patients.*

N (%)

#Patients 40 (100)
Hyperplastic PTLD (early lesions)
– Reactive plasmacytic hyperplasia 1 (2)
– Infectious mononucleosis –
– Atypical lymphoid hyperplasia –
– Polymorphic PTLD 5 (13)
Lymphomatous PTLD (monomorphic PTLD)
– B-cell lymphoma

- Diffuse large B-cell lymphoma 26 (65)
- Burkitt/Burkitt-like lymphoma 1 (2)
- Maltoma –

– T-cell lymphoma
- Peripheral T-cell lymphoma, unspecified –
- Anaplastic large cell lymphoma (T or null cell) –
- Hepatosplenic gamma-delta T-cell lymphoma –
- Other (e.g. T-NK) 1 (2)

– Other
- Plasmacytoma 1 (2)
- Myeloma –
- T-cell rich/Hodgkin’s disease-like large B-cell lymphoma –
- PTLD not otherwise specified 5 (13)

EBV status PTLD
– Positive 33 (82)
– Negative 5 (13)
– Unknown 2 (5)

* Modified WHO classification as proposed by Nalesnik.22

Treatment and response
The majority of patients (33 out of 40, 83%) received treatment for their PTLD

(Table 3). Of the seven patients not treated, two were diagnosed at post mortem
examination and five received palliative care only. Before Rituximab became
available, CHOP chemotherapy usually was first line therapy, often combined
with reduction of immunosuppression and antiviral therapy. Four patients with
localized disease were treated with surgery or radiotherapy. As soon as Rituximab
became available, this became first line treatment in CD20-positive PTLD.
Subsequently, 14 patients have been treated with this drug so far.
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Table 3. First line treatment and response.

#Patients Total CR PR PD Relapse 
(N=40) (N=24) (N=2) (N=14) (N=5)

Rituximab + RIS* 14 12 1 1 1
CHOP ± RIS 7 4 0 3 1
RIS only 8 4 1 3 2
Surgery + RIS 3 3 0 0 1
Radiotherapy + RIS 1 1 0 0 0

No treatment 7 0 0 7 0

* Reduction of immunosuppression.

A complete response after first line treatment was observed in 24 of all 33
patients treated (73%). Two patients reached partial remission. Although the
number of patients is obviously too small to draw any conclusions, patients
treated with Rituximab seemed to have a better response rate (12/14; 86%) than
patients treated with other modalities. Antiviral therapy was not instigated sys-
tematically and consequently the effect of adding antiviral agents to treatment
remains unclear.

Five out of 24 patients (21%) with a complete response had a relapse of their
PTLD at a median time of 41 months (range 1-89 months) after reaching CR. Of
the two patients reaching PR, one patient died because of progressive PTLD
while the other patient is still alive without signs of progression.

At a median observation time of patients still alive after PTLD of 28 months
(range 7-162 months), median survival is 12 months, and median freedom from
PTLD progression (FFTP) is 17 months. Twenty seven patients (68%) have died
at a medium time of three months (range 0-96 months) after diagnosis of

PTLD, including the seven patients not receiving any treatment with curative
intention. PTLD was the main cause of death in 13 patients. Other causes of
death were: end-stage bronchiolitis obliterans syndrome in 5 lung transplant
recipients (1 with active PTLD); treatment related toxicity in 3 patients receiv-
ing CHOP (1 with active PTLD); severe infections in 3 patients (2 with active
PTLD); cardiac failure in one patient; liver cirrhosis in one patient (with active
PTLD); voluntary cessation of dialysis in one patient. Although four patients
treated with Rituximab have died so far, no patient treated with Rituximab died
with active PTLD. Patients who died due to PTLD did so at a median follow up
of one month (range 0-35 months) after diagnosis. This tended to be earlier than
patients who died due to other causes (median 6 months, range 1-96 months,
Mann Whitney U: p=0.08).
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Table 4. Risk factors for treatment outcome.

A. Overall survival

Risk factor HR* 95% CI P value

Univariate
LDH >normal 1.5 0.5-5.1 0.51
PS >1 3.8 1.7-8.8 0.002
Stage >II 1.0 0.5-2.2 0.96
>1 extranodal localization 1.9 0.7-5.2 0.20
Age >50 0.8 0.4-1.8 0.67

B. Freedom from tumor progression

Risk factor HR* 95% CI P value

Univariate
LDH >normal 0.8 0.3-2.5 0.73
PS >1 3.4 1.3-8.5 0.01
Stage >II 1.2 0.5-2.8 0.72
>1 extranodal localization 1.8 0.7-5.1 0.24
Age >50 1.4 0.6-3.3 0.47

C. Complete response to first-line treatment

Risk factor RR** 95% CI P value

Univariate
LDH >normal 0.4 0.1-2.6 0.31
PS >1 5.4 1.3-22.6 0.02
Stage >II 3.8 0.9-14.8 0.06
>1 extranodal localization 2.4 0.5-12.9 0.30
Age >50 1.3 0.3-4.8 0.74

Multivariable
PS >1 6.4 1.4-35.6 0.01
Stage >II 4.5 1.0-24.8 0.04

* Hazard ratio; ** Relative risk.
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Prognostic factors
We analyzed potential predictors of response to first line treatment, freedom

from tumor progression (FFTP) and survival (Table 4). Both patients with diag-
nosis at post mortem examination were excluded from this analysis. Performance
status >1 (RR 6.4, 1.4-35.6, p=0.01) as well as advanced stage (RR 4.5, 1.0-24.8,
p=0.04) were factors predictive for response to first line treatment. Only per-
formance status remained as predictive factor for survival (HR 3.8, 1.7-8.8,
p=0.002) and freedom from tumor progression (HR 3.4, 1.3-8.5, p=0.01). Neither
elevated LDH, age at diagnosis (>50 year), number of extra nodal localizations or
stage (all factors contributing to the IPI) were independent predictors of survival
or response to FFTP.

Discussion

The 2.6% overall incidence of PTLD in kidney and lung transplant recipients in
our center is comparable to the incidence reported by others.9,26 The fivefold
higher incidence observed in lung transplant recipients has also been observed
elsewhere,10,11 and probably relates to the higher doses of immunosuppression
given to these patients. Our analysis confirms a higher incidence of PTLD in the
first post transplant year,1 especially in lung transplant recipients, which is prob-
ably also related to the more intense immunosuppression during this period.12

In concordance with the literature,10 allograft localization of PTLD was more
often observed in lung transplant recipients as compared with kidney transplant
recipients (three of the 23 patients in kidney transplants versus 9 of the 17
patients in lung transplants). Interesting in our study, however, was the finding
that a substantial number of early onset PTLD developed in the allograft.
Although allograft localization was more impressive in lung transplant recipi-
ents, the relation between time of onset and allograft localization was significant
in both lung and kidney transplantation. Although one could still consider the
possibility that PTLD localized in the allograft might be of donor origin, especially
in lung transplant recipients, we have found no compelling evidence for this
notion. In six out of 17 lung transplant recipients in which it was possible to
determine PTLD origin by HLA typing, only one out of four PTLD cases in the
allograft was donor derived.27

Our observation that early onset PTLD is often localized in the allograft may
have important clinical implications, because the signs and symptoms of PTLD
involvement of the allograft may mimic rejection.28,29 Our data indicate that in
case of early organ failure, PTLD should be considered next to rejection, whereas
late organ failure will more likely be the result of true rejection. This knowledge,
combined with a sensitive PCR to monitor EBV-DNA load,6 might improve the
distinction between graft rejection and development of PTLD.
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The present study also aimed at identifying factors predictive for response to
therapy and survival of patients with PTLD and to determine the prognostic
value of the IPI in this setting. Performance status >1 and advanced stage were
main risk factors for outcome, thus confirming other studies.21 The IPI, of main
prognostic importance for aggressive non-Hodgkin lymphoma in immunocom-
petent patients was not suitable for PTLD patients in our study. This confirms the
results of other studies,21,30 but conflicts with a study performed by Herzig et
al.31 The fact that a large number of patients had multiple extra nodal localiza-
tions, thereby placing them in stage IV according to the Ann Arbor classifica-
tion, as well as the fact that age in our transplant population was significantly
lower than age in other lymphoma type patients, might explain why we could
not find a relation between stage, age, number of extra nodal localizations and
outcome in our series. Interestingly, neither elevated LDH was a risk factor for
treatment outcome in our series. Although one could argue that this might be
the result of the use of calcineurin inhibitors, i.e. CsA, which may lead to
increased serum LDH levels,32 this seems unlikely because even LDH levels
above twice the upper limit of normal (for which calcineurin inhibitors are
unlikely to be responsible) were not associated with worse outcome in our series
(data not shown).

In conclusion, we have found that early onset PTLD is often localized in the
allograft. This observation should trigger the awareness that in case of early
organ failure PTLD should be considered next to rejection and may implicate a
permissive role of allograft micro-environment in the development of early onset
PTLD, an observation that supports the suggestion that (chronic) antigenic stim-
ulation by the allograft may be a contributory factor in the development of
PTLD.10,33

References

1. Riddler SA, Breinig MC, McKnight JL. Increased levels of circulating Epstein-Barr virus
(EBV)-infected lymphocytes and decreased EBV nuclear antigen antibody responses are
associated with the development of posttransplant lymphoproliferative disease in solid-
organ transplant recipients. Blood 1994: 84: 972.

2. Birkeland SA, Hamilton-Dutoit S, Sandvej K, Andersen HM, Bendtzen K, Moller B et al.
EBV-induced post-transplant lymphoproliferative disorder (PTLD). Transplant Proc 1995:
27: 3467.

3. Tanner JE, Alfieri C. The Epstein-Barr virus and post-transplant lymphoproliferative dis-
ease: interplay of immunosuppression, EBV, and the immune system in disease patho-
genesis. Transpl Infect Dis 2001: 3: 60.

4. Dotti G, Fiocchi R, Motta T, Gamba A, Gotti E, Gridelli B et al. Epstein-Barr virus-nega-
tive lymphoproliferate disorders in long-term survivors after heart, kidney, and liver trans-
plant. Transplantation 2000: 69: 827.

5. Stevens SJ, Verschuuren EA, Pronk I, van Der Bij W, Harmsen MC, The TH et al. Frequent
monitoring of Epstein-Barr virus DNA load in unfractionated whole blood is essential for

4  Post-transplant lymphoma

138

vImhoff-4 XP  28-11-2006  13:24  Pagina 138



early detection of posttransplant lymphoproliferative disease in high-risk patients. Blood
2001: 97: 1165.

6. Stevens SJ, Verschuuren EA, Verkuujlen SA, Van Den Brule AJ, Meijer CJ, Middeldorp
JM. Role of Epstein-Barr virus DNA load monitoring in prevention and early detection of
post-transplant lymphoproliferative disease. Leuk Lymphoma 2002: 43: 831.

7. Smets F, Latinne D, Bazin H, Reding R, Otte JB, Buts JP et al. Ratio between Epstein-Barr
viral load and anti-Epstein-Barr virus specific T-cell response as a predictive marker of
posttransplant lymphoproliferative disease. Transplantation 2002: 73: 1603.

8. Swinnen LJ, Costanzo-Nordin MR, Fisher SG, O’Sullivan EJ, Johnson MR, Heroux AL et
al. Increased incidence of lymphoproliferative disorder after immunosuppression with the
monoclonal antibody OKT3 in cardiac-transplant recipients. N Engl J Med 1990: 323: 1723.

9. Bustami RT, Ojo AO, Wolfe RA, Merion RM, Bennett WM, McDiarmid SV et al.
Immunosuppression and the risk of post-transplant malignancy among cadaveric first kid-
ney transplant recipients. Am J Transplant 2004: 4: 87.

10. Opelz G, Dohler B. Lymphomas after solid organ transplantation: a collaborative trans-
plant study report. Am J Transplant 2004: 4: 222.

11. Walker RC, Marshall WF, Strickler JG, Wiesner RH, Velosa JA, Habermann TM et al.
Pretransplantation assessment of the risk of lymphoproliferative disorder. Clin Infect Dis
1995: 20:1346.

12. Opelz G, Henderson R. Incidence of non-Hodgkin lymphoma in kidney and heart trans-
plant recipients. Lancet 1993: 342: 1514.

13. Paya CV, Fung JJ, Nalesnik MA, Kieff E, Green M, Gores G et al. Epstein-Barr virus-
induced posttransplant lymphoproliferative disorders. ASTS/ASTP EBV-PTLD Task Force
and The Mayo Clinic Organized International Consensus Development Meeting.
Transplantation 1999: 68: 1517.

14. Penn I. Cancers in renal transplant recipients. Adv Ren Replace Ther 2000: 7: 147.
15. Tsai DE, Hardy CL, Tomaszewski JE, Kotloff RM, Oltoff KM, Somer BG et al. Reduction in

immunosuppression as initial therapy for posttransplant lymphoproliferative disorder:
analysis of prognostic variables and long-term follow-up of 42 adult patients.
Transplantation 2001: 71: 1076.

16. Oertel SH, Anagnostopoulos I, Hummel MW, Jonas S, Riess HB. Identification of early
antigen BZLF1/ZEBRA protein of Epstein-Barr virus can predict the effectiveness of antivi-
ral treatment in patients with post-transplant lymphoproliferative disease. Br J Haematol
2002: 118: 1120.

17. Ganne V, Siddiqi N, Kamaplath B, Chang CC, Cohen EP, Bresnahan BA et al. Humanized
anti-CD20 monoclonal antibody (Rituximab) treatment for post-transplant lymphoprolif-
erative disorder. Clin Transplant 2003: 17: 417.

18. Benkerrou M, Jais JP, Leblond V, Durandy A, Sutton L, Bordigoni P et al. Anti-B-cell mon-
oclonal antibody treatment of severe posttransplant B-lymphoproliferative disorder: prog-
nostic factors and long-term outcome. Blood 1998: 92: 3137.

19. Schaar CG, van der Pijl JW, van Hoek B, de Fijter JW, Veenendaal RA, Kluin PM et al.
Successful outcome with a ‘quintuple approach’ of posttransplant lymphoproliferative dis-
order. Transplantation 2001: 71: 47.

20. Verschuuren EA, Stevens SJ, van Imhoff GW, Middeldorp JM, de Boer C, Koeter G et al.
Treatment of posttransplant lymphoproliferative disease with rituximab: the remission,
the relapse, and the complication. Transplantation 2002: 73: 100.

21. Leblond V, Dhedin N, Mamzer Bruneel MF, Choquet S, Hermine O, Porcher R et al.
Identification of prognostic factors in 61 patients with posttransplantation lymphoprolif-
erative disorders. J Clin Oncol 2001: 19: 772.

Early PTLD is localized in the allograft

139

vImhoff-4 XP  28-11-2006  13:24  Pagina 139



22. Nalesnik MA. The diverse pathology of post-transplant lymphoproliferative disorders: the
importance of a standardized approach. Transpl Infect Dis 2001: 3: 88.

23. A predictive model for aggressive non-Hodgkin’s lymphoma. The International Non-
Hodgkin’s Lymphoma Prognostic Factors Project. N Engl J Med 1993: 329: 987.

24. Carbone PP, Kaplan HS, Musshoff K, Smithers DW, Tubiana M. Report of the Committee
on Hodgkin’s Disease Staging Classification. Cancer Res 1971: 31: 1860.

25. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET et al. Toxicity and
response criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol 1982: 5:
649.

26. Soler MJ, Puig JM, Mir M, Parrilla J, Pedro C, Salar A et al. Posttransplant lymphoprolif-
erative disease: treatment and outcome in renal transplant recipients. Transplant Proc
2003: 35: 1709.

27. Verschuuren EA, Popa ER, van Der Bij W, Harmsen MC, The TH, Hepkema B. Donor or
recipient origin of post transplant lymphoproliferative disease after lung transplantation.
J Heart Lung Transplant 2001: 20: 199.

28. Trpkov K, Marcussen N, Rayner D, Lam G, Solez K. Kidney allograft with a lymphocytic
infiltrate: acute rejection, posttransplantation lymphoproliferative disorder, neither, or
both entities? Am J Kidney Dis 1997: 30: 449.

29. Howard TK, Klintmalm GB, Stone MJ, Cofer JB, Husberg BS, Goldstein RM et al.
Lymphoproliferative disorder masquerading as rejection in liver transplant recipients—an
early aggressive tumor with atypical presentation. Transplantation 1992: 53: 1145.

30. Choquet S, Mamzer BM, Hermine O, Porcher R, Nguyen QS, Davi F et al. Identification of
prognostic factors in post-transplant lymphoproliferative disorders. Recent Results Cancer
Res 2002: 159: 67.

31. Herzig KA, Juffs HG, Norris D, Brown AM, Gill D, Hawley CM et al. A single-centre expe-
rience of post-renal transplant lymphoproliferative disorder. Transpl Int 2003: 167: 529.

32. Sipka S, Szucs K, Szanto S, Kovacs I, Lakos G, Antal-Szalmas P et al. Inhibition of cal-
cineurin activity and protection against cyclosporine A induced cytotoxicity by prednisolone
sodium succinate in human peripheral mononuclear cells. Immunopharmacology 2000:
48: 87.

33. Birkeland SA. Chronic antigenic stimulation from the graft as a possible oncogenic factor
after renal transplant. Scand J Urol Nephrol 1983: 17: 355.

4  Post-transplant lymphoma

140

vImhoff-4 XP  28-11-2006  13:24  Pagina 140



4.2
PTLD visualization by FDG-PET: 
Improved detection of extranodal localizations 

Nicolaas A. Bakker
Jan Pruim
Wieke de Graaf
Willem J. van Son
Eric J. van der Jagt
Gustaaf W. van Imhoff

American Journal of Transplantation, 2006; 6: 1984-1985

141

vImhoff-4 XP  28-11-2006  13:24  Pagina 141



142

vImhoff-4 XP  28-11-2006  13:24  Pagina 142



Post-transplant lymphoproliferative disease (PTLD) is a rare, but serious
and potentially lethal complication of solid organ transplantation. It encompasses
a heterogeneous group of diseases, ranging from Epstein-Barr virus driven poly-
clonal proliferations resembling infectious mononucleosis, to highly aggressive
monomorphic proliferations indistinguishable from aggressive types of lym-
phoma (1). At diagnosis, patients are usually staged according to conventional
diagnostic methods routinely applied for malignant lymphoma, including whole
body computer tomography (CT) scanning and bone marrow biopsy (2). Although
PTLD characteristically involves extranodal sites, these localizations may not
always be visualized by CT scanning (3). Fluorodeoxyglucose (FDG)-positron
emission tomography (PET) is a whole body imaging technique allowing func-
tional characterization of hypermetabolic tissues by showing increased uptake of
FDG at these sites. It has already been shown that FDG-PET provides significant
additional information for the detection and staging of malignant lymphoma (4).
We wondered whether FDG-PET would be as useful in PTLD as it is in aggres-
sive lymphoma, and evaluated its value in the staging and treatment evaluation
of histologically confirmed PTLD in 12 kidney transplant recipients observed
between January 2000 and June 2004.

At PTLD diagnosis, all patients were fully staged, including whole body CT
and bone marrow biopsy. FDG-PET scans were available in 10 patients at diag-
nosis; 5 patients also had follow-up scans after treatment. In two additional
patients, FDG-PET scans were available only after treatment. To compare CT
with FDG-PET, all scans were re-evaluated (blinded) by a radiologist and an
expert in nuclear medicine, respectively.

FDG-PET scans at diagnosis could readily be interpreted and showed high-
FDG uptake at the primary sites of histologically confirmed PTLD. At staging,
FDG-PET-positive hot spots were found in concordance with lesions found with
conventional CT scanning, and also at additional extranodal sites not readily
visualized by routine CT scanning in 5 out of 10 patients (50%). These findings
are in concordance with the observation in other types of aggressive lymphoma
that FDG-PET is superior to conventional diagnostic methods for the detection
of extranodal localizations (3).

In patients with aggressive lymphoma, FDG-PET performed after treatment
may provide a more accurate response classification and prediction of progno-
sis as compared to CT-based assessment because of its ability to distinguish
between viable tumor and necrosis or fibrosis in residual mass(es) following
treatment (5). This report might extend these findings for PTLD, as FDG-PET
also turned out to be an excellent predictor of progression-free survival in our
patients. Five patients reached complete remission confirmed by both CT and
FDG-PET and remained progression-free with a median follow-up of 37 months
(range 3-46 months). Discordant findings after treatment with Rituximab were

PTLD Visualization by FDG-PET
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observed in two patients. In patient 10, CT revealed no abnormal sites after treat-
ment, whereas FDG-PET showed pronounced focal accumulation of FDG in the
stomach. Progressive disease with extensive stomach involvement was observed
1 month later, and this patient ultimately died of PTLD 6 months later. In patient
2, CT scanning revealed the liver and spleen as well as the allograft and left kid-
ney as possible sites of persistent involvement after treatment, whereas FDG-
PET showed no pathological uptake. Based on FDG-PET findings, no further
treatment was given. At 58 months of follow-up no PTLD recurrence was
observed.

In conclusion, our findings demonstrate that FDG-PET can visualize PTLD
and is an excellent tool for staging and treatment evaluation. The ability of FDG-
PET to visualize extranodal localizations of PTLD, often present but not readily
detectable by routine conventional diagnostic methods, is of additional value.

Figure 1. Example of disconcordant findings in patient #9. CT abdomen (left)
and FDG-PET fused with the same CT scan (right). Note the histologically
confirmed focal high uptake of FDG in the liver (see arrow), whereas the CT scan
(left) does not show any abnormalities at the site of high FDG uptake. 
This high uptake in the allographt, including the kidney calices and pyelum 
is physiological, as is the moderate uptake in liver and spleen.
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Background and objective
High-dose chemotherapy and autologous stem cell transplantation
(ASCT) may cure a subset of patients with relapsed diffuse large B-cell
lymphoma (DLBCL). We evaluated the predictive value of the secondary
International prognostic Index of various different non-Hodgkin
lymphoma (NHL) subtypes in chemosensitive ASCT patients.

Design and Methods
Data from all 88 consecutive patients with relapsed (n=55) or primary
refractory (n=33) NHL who were still chemosensitive and underwent
ASCT in our institute between 1989-2002 were analysed.

Results
Median age was 50 years, range 18-64. NHL diagnoses were DLBCL
(41), follicular (16), mantle cell (12), peripheral T-cell (12), anaplastic
large cell (5), other lymphoma (2). The secondary age-adjusted IPI (saa-
IPI) was low in 19%, low-intermediate in 27%, high-intermediate in 42%,
and high-risk in 12%, and appeared highly predictive for outcome.
After a median follow-up of 76 (range 4-152) months for survivors, 
3-year overall survival was 87%, 66% or 28% (p<.01) for patients with
saa-IPI 0, 1 or 2/3 factors, and progression free survival 80%, 52% or 28%
(p<.01), respectively. In multivariate analysis, outcome was not different
for primary refractory vs relapsed lymphoma nor for lymphoma subtype.

Conclusion
The saa-IPI is highly predictive for outcome in chemosensitive NHL
patients treated with ASCT, irrespective of the type of histology and
relapse status.

Introduction

The prognosis of aggressive non-Hodgkin’s lymphoma in relapse is poor. High-
dose chemotherapy with autologous stem cell transplantation (ASCT) may
improve both progression free survival (PFS) and overall survival (OS) in patients
with relapsed disease. Approximately 50% of patients with relapse still have dis-
ease responding to second-line chemotherapy. Subsequent high-dose therapy
and ASCT may cure approximately half of those chemosensitive patients.
Ultimately, only 25% of patients with relapse/refractory disease after first-line
treatment will long-term survivors.1-5 The determination and validation of selec-
tion criteria for those patients who might benefit from high-dose therapy and
ASCT still remains a challenge. Thus far, response to chemotherapy preceding
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high-dose treatment and ASCT has been the most important predictive factor
for final outcome.5 The International Prognostic Index (IPI)6 is a powerful tool
to predict response and survival in patients with aggressive lymphoma at initial
diagnosis. The IPI at relapse, here referred to as secondary IPI (s-IPI) also has
an important predictive value for outcome after ASCT. Because most patients,
subjected to high dose chemotherapy, are below the age of 60 years, the use of
the (secondary) age-adjusted IPI (saa-IPI) is more practical. The predictive value
of the saa-IPI was analysed for the first time in the PARMA trial,5 which included
215 patients with aggressive NHL in relapse, who were randomised between fur-
ther conventional treatment or high dose chemotherapy with ASCT if they had
chemosensitive disease as proven by at least a partial remission after two courses
of conventional second-line treatment. In the PARMA trial, the IPI at relapse
was of prognostic significance when all patients were taken into account.
However, its significance disappeared when only chemosensitive patients treated
with ASCT were considered.7 Next, Moscowitz et al.8 confirmed the importance
of the s–IPI at relapse in a series of 51 patients of whom 34 were transplanted.
Recently, Hamlin et al.9 addressed the value of the saa-IPI in patients with
relapsed or refractory diffuse large B-cell lymphoma (DLBCL), treated with ICE
chemotherapy followed by HDT/ASCT. In this study, saa-IPI at the initiation of
second-line therapy was predictive for PFS and OS of all patients, including
chemosensitive patients of whom the large majority (91%) underwent trans-
plantation.

Because chemosensitivity is the first selection criterion for subsequent high-
dose therapy and ASCT, we wondered whether – in addition to the DLBCL cat-
egory – the saa-IPI could also be applied to patients with chemosensitive relapse
of other categories of NHL, eg, transformed follicular lymphoma, mantle cell
lymphoma, peripheral T-cell lymphoma and even (untransformed) follicular
lymphoma. Therefore, we analysed the outcome in relation to the saa-IPI of all
patients with relapsed and primary refractory NHL, who were chemosensitive
and subsequently had been treated with ASCT in our institution in the period
1989-2002, allowing for sufficient follow-up of all patients.

Patients and methods

All consecutive patients with relapsed chemosensitive NHL who were subse-
quently treated with high-dose therapy and ASCT in our hospital between 1989
and 2002 were investigated. The database was closed at September 2004.

Patients were routinely re-staged according to standard procedures includ-
ing confirmation of active disease by biopsy, whole-body CT-scanning and bone
marrow biopsy before starting re-induction treatment. Patient with central nerv-
ous system involvement were excluded. Stage at relapse/progression was clas-
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sified according to the Cotswolds modification of the Ann Arbor staging system.10

All representative histologic specimen including those at first diagnosis were
reviewed and converted into the World Health Organisation classification.11

Treatment was either within randomised trials (HOVON-studies) or accord-
ing to local protocols (Table 1). Most patients received the DHAP regimen (dex-
amethasone, cisplatin, and cytarabine) followed by the VIM regimen (etoposide,
ifosfamide, and methotrexate) as re-induction chemotherapy at 3 to 4 weekly
intervals.12 Subsequently, patients were evaluated for response including whole
body CT-scan, and bone marrow biopsy if initially involved. Patients with doc-
umented complete or partial responses13 were defined as having chemotherapy-
sensitive disease and proceeded with an additional cycle of DHAP followed by
high-dose chemotherapy and ASCT. Bone marrow or peripheral blood stem cells
were harvested during re-induction chemotherapy according to standard meth-
ods as previously published.12 Patients received the myeloablative BEAM regi-
men (carmustine, etoposide, cytarabine and melfalan)12 followed by reinfusion
of the stem cell graft. Ten patients with initial bulky site in PR (n = 6) or CR (n =
4) after ASCT received additional involved field radiotherapy. 

The relevant clinical data were extracted from the medical records. The saa-
IPI was calculated at time of initiation of salvage therapy. Only four patients (3
DLBCL, 1 peripheral T-cell lymphoma) had incomplete saa-IPI data. Serum
LDH, clinical stage and WHO performance status were available in, respectively
87 (99%), 84 (96%), and 84 (96%) of the 88 patients. Data analysis was performed
using SAS software, version 8.0 (SAS-Institute inc., Cary, North Carolina, USA).
Survival curves were computed from date of stem cell re-infusion until date of
last follow-up or event, according to the method of Kaplan and Meier.14 Events
were defined as overall mortality; relapse or progression of NHL, and death from
lymphoma. Univariate and multivariate analyses with Cox regression were per-
formed to explore additional factors of possible significance for OS and PFS. In
univariate analysis, the following variables were tested: saa-IPI and each IPI
factor separately; histology type, de novo versus transformed disease; response
to first-line therapy: responsive disease (PR/CR more than 3 months duration
after first-line therapy) versus primary progressive disease (all others); number
of prior treatments.

Variables with a p value <0.1 at univariate analysis, including saa-IPI were
also tested in a multivariate Cox regression model

Results

Between January 1989 and January 2002, 88 patients with relapsed or primary
refractory NHL reached at least a partial response to salvage chemotherapy and
subsequently received high dose chemotherapy followed by ASCT.
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Table 1. Characteristics of 88 patients with chemosensitive relapsed/progres-
sive NHL treated with ablative therapy and autologous stem cell transplanta-
tion between 1998-2001.

Characteristic #Patients (%)

Median age (range) 50 (18-64)
Male/female 60/28 (68%/32%)
Histology
– Diffuse large B-cell lymphoma 41 (47%)

- de novo DLBCL 33 (38%)
- transformed from follicular lymphoma 8 (9%)

– Follicular grade 3 4 (5%)
– Follicular lymphoma grade 1-2 12 (14%)
– Mantle cell lymphoma 12 (14%)
– Anaplastic large cell lymphoma 5 (6%)
– Peripheral T-cell lymphoma 12 (13%)
– Burkitt lymphoma 1 (1%)
– Unclassifiable B-cell lymphoma 1 (1%)
Response to 1st line treatment
– CR/PR ≥ 3 months 55 (62%)
– CR/PR < 3 months 20 (23%)
– No change/Progression 13 (15%)
No. of treatments before re-induction chemotherapy 
prior to ablative therapy and ASCT (at least one 
regimen was doxorubicin-containing)
– 1 47 (54%)
– 2 17 (19%)
– 3 or 4 24 (27%)
Re-induction chemotherapy before ASCT
– DHAP-VIM-DHAP 54 (61%)
– ProMace-MOPP 17 (19%)
– Mini-BEAM 6 (7%)
– Other 11 (13%)
Age adjusted IPI at relapse (saa-IPI) (n=84)
– Low (0) 16 (19%)
– Low-intermediate (1) 23 (27%)
– High-intermediate (2) 35 (42%
– High (3) 10 (12%)
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The main characteristics of the 88 chemosensitive patients are given in Table 1.
DLBCL was the most frequent histological type; eight patients had follicular lym-
phoma transformed into DLBCL. All patients had completed at least one full
anthracline-based regimen of combination chemotherapy prior to re-induction
chemotherapy, 46% had completed more than one prior regimen. A total of 55
(62%) patients had relapsed disease, whereas 33 (38%) patients had primary
refractory disease. The saa-IPI distribution for low (0 factors), low-intermediate
(1 factor), high-intermediate (2 factors) and high-risk (3 factors) patients (exclud-
ing 4 patients with incomplete data) was 19%, 27%, 42% and 12% respectively.

Median follow-up after ASCT for surviving patients was 76 months (4 to 152
months). Progression or relapse after ASCT occurred in 45 patients, of whom 36
died of progressive lymphoma. Four patients died within the first 90 days from
treatment-related toxicity (infectious complications during (prolonged) aplasia).
Three-yr OS and PFS for all patients was 48% and 43% respectively. No differ-
ences were observed between patients in CR or PR at restaging after re-induc-
tion therapy, before ablative therapy and ASCT.

5  Relapsed lymphoma
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Figure 1. Overall survival of chemosensitive relapsed NHL patients treated with
high-dose chemotherapy and ASCT according to the saa-IPI (excluding 4
patients with incomplete data).
Three year estimates: saa-IPI 0 (n=16) 87%, saa-IPI 1 (n=23) 66%, saa-IPI 2/3 (n=45)
28%, log rank p<.01. Triangles indicate time of censoring of patients in each stratum.
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All individual saa-IPI risk factors: LDH, performance score and to a lesser
degree stage, correlated with PFS and OS. For patients with saa-IPI 0, 1 or 2/3
factors, 3-yr PFS estimates were 80%, 52% and 28% respectively (p<.01); OS esti-
mates were 87%, 66% and 28% respectively (p<.01) (Figure 1). Although the sur-
vival curve of the 33 patients with primary refractory NHL showed a rapid decline
during the first months (Wilcoxon test; p=.02), ultimately, OS was not signifi-
cantly different from 55 patients who relapsed after initial response (Log rank
test; p=.33) (Figure 2). The 3-yr OS estimates were 38% versus 53%, respectively,
whereas at 5-years these were 38% versus 37%. In univariate analysis, histology
(DLBCL v. follicular lymphoma v. peripheral T-cell lymphoma (anaplastic large
cell excluded) v. mantel cell lymphoma) did not have prognostic impact on out-
come, although numbers of various subsets obviously were rather small. Neither
did outcome of patients with early relapse (<1 yr) versus late relapse (>1 yr) (3-
yr OS 46% versus 51%; p=.50). In multivariate analysis, saa-IPI remained as strong
predictive factor for PFS and OS (Table 2).

Figure 2. Overall survival of 88 patients with NHL treated with ASCT according
to response to frontline chemotherapy. 55 patients suffered from relapse after
initial response; 33 patients were primary refractory to initial treatment (including pro-
gressive disease, no change and relapse within 3 months after completion of frontline
chemotherapy).
Log rank test, p=.33; Wilcoxon test, p=.02 (this gives additional weight to early effects).
Triangles indicate time of censoring of patients in each stratum.
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Table 2. Factors of prognostic significance for overall survival and progression-
free survival in chemosensitive NHL patients treated with ASCT.

Progression-free survival Univariate* Multivariate

Risk factor HR 95% CI P HR 95% CI P

WHO PS (0-1 vs. 2-4) 2.5 1.4-4.4 <.01 1.9 1.1-3.3 .03
Stage (I-II vs. III-IV) 1.7 0.9-3.1 .08 .16
LDH > ULN 1.8 1.1-3.1 .03 1.8 1.0-3.2 .04
saa-IPI 0 1.0 .04**
saa-IPI 1 1.1 0.5-2.5 1.1 0.5-2.5 .85
saa-IPI 2 2.0 0.9-4.1 2.0 0.9-4.2 .07
saa-IPI 3 3.0 1.2-7.6 3.0 1.2-7.6 .02

Overall survival Univariate* Multivariate

Risk factor HR 95% CI P HR 95% CI P

WHO PS (0-1 vs. 2-4) 2.5 1.4-4.4 <.01 2.3 1.3-4.0 <.01
Stage (I-II vs. III-IV) 1.7 0.9-3.1 .08 1.4 0.7- 2.5 .3
LDH > ULN 2.3 1.4-4.0 <.01 2.3 1.3-4.1 <.01
saa-IPI 0 1.0 <.01**
saa-IPI 1 1.6 0.7-4.0 .03 1.6 0.7- 4.0 .2
saa-IPI 2 3.1 1.4-7.0 <.01 3.1 1.4-6.9 <.01
saa-IPI 3 4.2 1.6-11.2 <.01 4.2 1.6 -11.2 <.01

* Only factors p<.1 are shown; ** Composite IPI variable. 
WHO PS = WHO performance score; saa-IPI = secondary age-adjusted International Prognostic risk
Index; ULN = upper limit of normal. 

Discussion

The results presented in this study confirm that the secondary aa-IPI at relapse
is the most important factor for outcome in chemosensitive NHL patients treated
with high-dose chemotherapy followed by ASCT, and this may even be the case
irrespective of histologic type. This implies that one should wonder whether
ASCT is a good option for patients with two or three adverse factors at the initi-
ation of salvage chemotherapy, even in case of chemosensitive disease. On the
other hand, as our data and those of others9 show, patients with low risk (no
adverse factors) and chemosensitive disease have an excellent chance for pro-
longed survival and even cure after ASCT.

In the analysis of patients included in the PARMA trial, the saa-IPI correlated
well with response and OS for all patients initially included. However, after ran-
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domisation, including only chemosensitive patients, the IPI at relapse had lost its
predictive significance in the group of 54 patients subsequently treated with high-
dose chemotherapy and ASCT. This was attributed to the survival benefit of
ASCT in patients with IPI intermediate and high-risk.7 However, relatively few
patients in that study had poor risk features, as only four patients had high and
14 had high-intermediate risk profiles. This might explain why no significant
difference was observed. The fraction of saa-IPI poor-risk patients in our study
and that of Hamlin et al.9 was larger.

In the PARMA trial an analysis was made by dividing patient groups in early
and late relapse, using a cut-off of one year after first-line treatment. Time to
relapse less or more than one year after first-line treatment was of independent
prognostic value for survival in patients with relapsed NHL.15 We did not observe
a survival difference between patients with early or late relapse.

We treated 33 primary refractory patients with ASCT who were still sensitive
to second-line chemotherapy. Although it is generally assumed that only a small
subset of primary refractory patients benefit from ASCT,16 this treatment modal-
ity is more widely applied than in the past.9,17,18 Our data support the notion that
primary refractory patients should be offered ASCT, provided they have a fair
saa-IPI status at initiation of second-line chemotherapy and show evidence of
chemosensitive disease at subsequent treatment.

ASCT was applied in 16 chemosensitive patients with relapsed follicular lym-
phoma and eight patients with follicular lymphoma transformed into DLBCL,
resulting in OS similar to de novo relapsed DLBCL. Although ASCT offers
improved OS and PFS compared with conventional therapy in patients with
relapsed follicular lymphoma,19 data of ASCT in transformed lymphoma are
sparse. The recent study of Hamlin et al.,9 which focused on DLBCL, also
included transformed follicular lymphoma or discordant lymphoma patients.
Although a separate analysis on the outcome of these subgroups was not pre-
sented. Chen et al.20 reported a median survival of 58 months from histological
transformation in 35 patients with transformed lymphoma treated with ASCT
and a 5-year overall survival rate of 37%. Although lead-time bias must be con-
sidered, this prolonged survival appears significantly better than the median sur-
vival rates of less than one year for transformed lymphoma patients treated with
conventional chemotherapy.20 The European Bone Marrow Transplantation reg-
istry reported on 50 patients with transformed lymphoma treated with ASCT
with a 5-year OS of 51%. In concurrence with our data, no difference in survival
was observed when comparing matched patients with low-grade or de novo high-
or intermediate grade lymphoma.21 Taken together, these data suggest that
patients with chemosensitive transformed follicular lymphoma and a favourable
saa-IPI profile, might benefit from ASCT.

Secondary IPI and outcome after ASCT in NHL
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The overriding impact of saa-IP on outcome was evident in all histological
subgroups, even those with relatively small numbers of patients. For instance, of
twelve patients with relapsed mantle cell lymphoma, six remained disease-free;
five of those had saa-IP score 0-1. Of twelve patients with peripheral T-cell lym-
phoma all 3 patients with saa-IPI score 0-1 remained disease-free, while 7 of 9
patients with saa-IP 2-3 progressed.

In conclusion: saa-IPI is one of the most important predictive factors for out-
come of ASCT in patients with relapsed or primary refractory NHL who are still
sensitive to reinduction chemotherapy prior to ASCT. This holds true not only for
patients with DLBCL, but also for other categories, such as (transformed) follic-
ular lymphoma. Patients with zero or one adverse factor have an excellent long-
term outcome, whereas patients with two or three adverse factors – despite
chemosensitivity upon reinduction chemotherapy – have such a poor prognosis
that additional or other therapy is warranted.
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18F-fluoro-deoxyglucose (FDG) positron emission tomography (PET)
might be a better tool than computer tomography (CT) in predicting
long-term treatment outcome in patients with relapsed chemosensitive
lymphoma who are candidates for autologous stem cell transplantation
(ASCT).

We studied patients with recurrent or persistent aggressive Non-
Hodgkin’s lymphoma (NHL) and Hodgkin’s disease (HD), who were
treated with three courses of second-line induction chemotherapy
(DHAP-VIM-DHAP), followed by myelo-ablative therapy and ASCT if
chemosensitive. FDG-PET was performed in parallel to conventional
diagnostic methods before start, and after two courses of second-line
therapy.

Of 68 relapsed lymphoma patients, 46 chemosensitive patients (33 NHL
and 13 HD) were included of whom 39 were transplanted. After DHAP-
VIM, the second PET scan was normalised in 15/46 patients; PFS at 2
years was 62% for PET-negative patients versus 32% for PET-positive
patients (p=0.048). The relative risk for progressive disease in patients
with <90% intensity reduction was 2.85 (95% CI: 1.15-7.05, p=0.018).

Early FDG-PET may help to predict long-term treatment outcome of
ASCT in chemosensitive patients with relapsed lymphoma and identify
those patients who need extra or alternative treatment. Disappearance or
>90% reduction of intensity of abnormal FDG-uptake after two courses of
re-induction therapy was correlated with a favourable outcome.

Introduction

Although a substantial number of patients with aggressive lymphoma may
achieve a complete remission after CHOP-like chemotherapy, 40% will relapse
within 1-2 years after treatment .1 Patients with relapsed lymphoma are fre-
quently offered intensive chemotherapy with autologous peripheral stem cell
transplantation (ASCT) if the tumour is still responsive to second-line
chemotherapy. Unfortunately, approximately half of those responding patients
will relapse after ASCT, resulting in an overall survival in relapsed patients
treated in this way of only 25-30% at 2 years.2 Thus, a substantial number of
patients are exposed to intensive treatment with a high degree of morbidity but
with limited success. Therefore, it would be useful to have better tools to predict
which chemosensitive patients might ultimately benefit from ASCT.

Previous studies have demonstrated that computer tomography (CT) has a
low accuracy in predicting therapy outcome in patients with malignant lym-
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phoma. A substantial number of patients with a residual mass on post-treatment
CT will not relapse. The diameter of the residual mass on CT has been shown not
to be predictive.3,4 Gallium scintigraphy combined with single-photon emission
computerized tomography (SPECT) has a better predictive value than CT. In a
study comparing gallium with CT scanning in patients with first-line treatment
for malignant lymphoma, 73% of the patients with a positive gallium scan
relapsed, whereas only 35% of the patients with a positive CT scan relapsed.5

The overall sensitivity of a gallium scan is high: however, its usefulness in abdom-
inal regions is limited as a result of bowel excretion of the radionuclides.

Recently, FDG-PET (positron emission tomography, using 18F-fluo-
rodeoxyglucose as a tracer) has been introduced for staging6,7 and therapy
response monitoring in lymphoma patients.8-11 Retrospective studies in newly
diagnosed patients with non Hodgkin’s lymphoma (NHL) have shown that FDG-
PET can be predictive for progression free survival (PFS) and overall survival
(OS) after two to five cycles of CHOP chemotherapy. Patients who showed dis-
appearance of abnormal FDG-uptake had a significantly better PFS and OS than
patients with persisting abnormal FDG uptake after a limited number of CHOP
cycles,12 as well as after induction therapy before up-front autologous stem cell
transplantation.13 Becherer et al.14 presented the results of 16 lymphoma patients,
suggesting that an abnormal pretransplantation PET might predict relapse after
ASCT.

In view of these results, we studied the predictive value of FDG-PET in
patients with relapsed chemosensitive lymphoma in the early phase of second-
line chemotherapy before ASCT.

Our results demonstrated that the disappearance of lymphoma lesions on
early FDG-PET correlates with a favourable outcome.

Patients and methods

Patients and treatment
Between January 1999 and January 2002, consecutive patients with histolog-

ically proven relapse or progression of either aggressive NHL after or during
CHOP-like therapy (cyclophosphamide, adriamycin, vincristin and prednisone),1

or Hodgkin’s disease failing first-line ABVD therapy (adriamycin, bleomycin,
vinblastin and dacarbicine),15 or MOPP/ABV therapy (mechlorethamine,
oncovin, procarbazine, prednisone, adriamycin, bleomycin and vinblastin),16

were eligible for this study. A reference pathologist from our lymphoma work-
ing group confirmed the histology of all biopsies. All included patients gave
informed consent. The medical ethics committee of our hospital approved the
protocol.

After conventional restaging, patients were treated with second-line
chemotherapy consisting of DHAP-VIM (dexamethasone, cytarabine, cisplatina
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followed by etoposide, iphosphamide and methotrexate).17 Patients who were
responsive to DHAP-VIM, based on conventional diagnostic methods, were sub-
sequently eligible for a second DHAP course with stem cell mobilisation followed
by BEAM (carmustine, etoposide, cytarabine and melphalan) therapy and
ASCT.17 These chemosensitive patients were included in this analysis. All
patients had a follow-up of at least 6 months after ASCT.

Positron Emission Tomography
Whole body FDG-PET was performed before and after treatment with

DHAP-VIM. The subjects received 400 MBq FDG intravenously and were
scanned from the mid-thigh to the crown upwards, starting 90 minutes after
injection. Time per bed position was 8 minutes. Interleaved protocol (ETTE)
scans were used to correct for attenuation of the FDG signal in most but not all
patients.

We used two scanners with an axial FOV of 10.8 cm and a 6 mm resolution
(ECAT model 951/31, Siemens/CTI, Knoxville, TN, USA) respectively 5.4 cm and
5 mm resolution (ECAT EXACT HR+, Siemens/CTI, Knoxville, TN, USA). The
majority of patients were scanned on the latter machine. Data were reconstructed
iteratively into coronal, sagital, and transverse sections and a three-dimensional
rotating maximum intensity projection using standard ECAT software. FDG was
synthesised according to Hamacher et al.18 by a computer controlled-synthesis
module. The number of abnormal lesions (visual assessment), the volume of the
largest lesions and the intensity of the largest lesions were assessed at each scan
using manually set regions of interest. Because of the lack of attenuation cor-
rected data in a number of patients we did not use standard uptake values, but
tumour/non-tumour ratios instead. Intensity was assessed using a tumour/non-
tumour ratio: the number of counts per abnormal region were compared with
those in four standard regions of upper and lower extremities (Intensity-ratio =
(Intensitytumor - Intensitybackground) / Intensitybackground).19

PET results were evaluated in three ways: persistence of abnormal FDG-
lesions after DHAP-VIM (visual analysis), reduction in volume and reduction in
intensity compared to the PET scan before treatment.

Computer tomography
CT scans were performed in parallel to FDG-PET scans (at diagnosis of

relapse/progression of lymphoma and after 2 courses of induction chemother-
apy), allowing a maximal interval of 2 weeks between the two diagnostic meth-
ods. CT scanning was performed after oral and intravenous contrast. Slice thick-
ness varied from 0.5 cm in the neck region to 1.0 cm in thorax and abdomen.

5  Relapsed lymphoma

164

vImhoff-5 XP  28-11-2006  13:25  Pagina 164



The number of enlarged lymph nodes was counted and the diameter of the
largest lesions was measured in two perpendicular dimensions. After restaging,
remission status was assessed, using standardised response criteria according
to the International Working Group recommendations.20

Statistics
The aim of this study was to evaluate the value of FDG-PET in assessing pro-

gression free survival for responding patients after second-line chemotherapy
who were subsequently treated with myelo-ablative therapy followed by stem
cell reinfusion. Time to progression was calculated from the date of the second
PET scan untill progressive disease was documented. Progressive disease was
defined as tumour progression according to the International Working Group
recommendations.20 For PFS, events were defined as progressive disease or death
from lymphoma.

PFS was calculated using Kaplan-Meier analysis, and comparison between
groups was performed using a log-rank test. The predictive value of CT and FDG-
PET was determined by a Chi-square test and expressed as relative risk. A P
value smaller than 0.05 was considered to be statistically significant. Data analy-
sis was performed using the SPSS 10.0 software packet (SPSS, Chicago IL, USA).

Results

Between January 1999 and January 2002, a total of 68 consecutive patients were
treated for relapsed or refractory lymphoma in our department. Fifty-five patients
consented to participate in our study. Eighty-four per cent of the patients had
chemosensitive disease based on conventional diagnostic methods and were
included in the analysis: 33 patients with NHL (64% diffuse large cell B-cell lym-
phoma) and 13 with HD. The patient characteristics are shown in Table 1. The
median age was 52 years (range, 21 to 65 years). One patient had progressed dur-
ing first-line chemotherapy. The other 45 patients had relapsed after first-line
therapy with a median disease-free interval between first-line chemotherapy
and relapse of 6 months (1-172 months). At relapse or progression, 63% of the
patients presented with stage III-IV disease. Lactate dehydrogenase (LDH) was
increased in 21 out of 46 NHL patients.
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Table 1. Characteristics of patients with chemosensitive relapsed lymphoma.

Characteristic #Patients (N=46) Median (range)

Sex (male/female) 29/17
Age (years) 52 (21-65)
Resistant disease (n) 1
Recurrent disease (n) 45
with DFI (months) 6 (1-172)
HD 13
NHL 33
– DLBCL 23
– MCL 5
– FL grade III 2
– PTCL 2
– ALCL 1
Stage at relapse
– I and II 17
– III and IV 29

HD = Hodgkin’s disease; NHL = non-Hodgkin’s lymphoma; DLBCL = diffuse large B-cell lymphoma;
MCL = mantle cell lymphoma; FL = follicular lymphoma; PTCL = peripheral T-cell lymphoma; 
ALCL = anaplastic large (T-)cell lymphoma; DFI = disease-free interval between last treatment and
relapse.

Treatment and outcome
After two courses of induction chemotherapy (DHAP-VIM), 46 patients had

responsive disease according to conventional diagnostic methods and were selected
for a second DHAP course with stem cell mobilisation followed by BEAM and ASCT.
Forty-four patients received the second DHAP course; two patients did not receive
the second DHAP course because of heart failure (n=1) and failure to collect stem
cells (n=1). Of the 44 patients who received the second DHAP course, five showed
clinical signs of progression before transplantation after the second DHAP course.
They received palliative treatment or other rescue treatments. The seven patients
who went off protocol were considered as failures in the PFS analysis.

Ultimately, 25/46 (54%) patients progressed (3/13 HD and 22/33 NHL patients).
Median time to progression was 5 (range, 1-16) months. Median follow-up for those
who did not progress (n=21) was 24 (8-43) months after the second PET scan.

CT and outcome
Because we selected chemosensitive patients on the basis of conventional

diagnostic methods, all CT responses after DHAP-VIM demonstrated at least a
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50% reduction of lymphoma lesions. Residual masses after DHAP-VIM were
found in 33/46 (72%) of the patients. However, the presence of residual mass did
not correlate with outcome after ASCT: median PFS for patients with a residual
mass was 20 months versus 18 months without a residual mass (not significant, NS).

PET and outcome
A visual assessment of PET response identified persistent abnormal FDG

uptake after DHAP-VIM in lesions previously shown to be involved by lymphoma
(PET-positive) in 31/46 (67%) patients. Twenty (65%) of these 31 PET-positive
patients showed progressive disease after PET. In 15/46 patients, all abnormal
lesions disappeared (PET-negative). Five (33%) of the PET-negative patients
progressed during follow-up. At the time of writing, 11 PET-positive (35%) and
10 PET-negative patients (66%) are still in remission after a median follow-up of
20 months. Persistence of abnormal FDG-uptake correlated with poorer prog-
nosis. PET-positive patients had a relative risk of 2.59 (95% CI: 1.01-6.90, p=0.048)
for progressive disease. The PFS at 2 years was 32% (95% CI: 15-48) for PET-
positive patients versus 62% (95% CI: 36-88) for PET-negative patients (Figure 1).

Figure 1. PET-positive and PET-negative patients and PFS in 46 chemosensitive
relapsed lymphoma patients. Kaplan-Meyer curve showing cumulative progression
free survival (PFS) of 15 PET-negative patients and 31 PET-positive patients 
(RR 2.59, 95%CI 1.01-6.90, p=0.048).
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To determine whether additional PET characteristics were of importance for
long-term PFS, the reduction in tumour volume and intensity of PET scans after
DHAP-VIM were investigated in 40/46 patients. The remaining six patients could
not be assessed because of the absence of a pre-treatment PET scan.

A reduction in tumour volume of less than 90% was observed in 16/40
patients. Eleven (69%) of those 16 patients showed progressive disease versus
ten (42%) of the 24 patients in whom the PET scan showed more than 90% vol-
ume reduction. Overall PFS analysis showed no significant difference between
these two groups.

The reduction in intensity was less than 90% (median reduction of 27%) in
19/40 (48%) patients. Fourteen (74%) of these 19 patients relapsed versus 7/21
(33%) for patients in whom the PET scan showed intensity reduction. The rela-
tive risk for progressive disease in patients with less than 90% intensity reduc-
tion was 2.85 (95% CI: 1.15-7.05, p=0.018, Figure 2). The PFS at 2 years was 25%
(95% CI: 6-45) for patients with an intensity reduction of <90% versus 62% (95%
CI: 39-84) for patients with an intensity reduction of 90% or more.

Figure 2. PET intensity reduction and PFS in 40 chemosensitive relapsed lym-
phoma patients. Kaplan-Meyer curve showing cumulative progression free survival
(PFS) of 21 patients with an intensity reduction of 90% or more and 19 patients with an
intensity reduction of less than 90% (RR 2.85, 95%CI 1.15-7.05, p=0.018). 
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Discussion

In the present study, we assessed the predictive value of early FDG-PET for PFS
in patients with relapsed chemosensitive lymphoma. Conventional diagnostic
methods are not very accurate for the selection of patients who would benefit
from highly intensive treatment. The results of our study demonstrate that early
FDG-PET may be a better tool for predicting long-term treatment outcome in
these patients. Three different methods have been used to evaluate PET respon-
siveness in conjunction with outcome in terms of PFS. Disappearance of abnor-
mal FDG uptake or more than 90% intensity reduction after two courses of induc-
tion chemotherapy correlated with favourable outcome, wheras reduction of PET
volume did not correlate with outcome. As not all PET scans were attenuation
corrected, we were not able to assess standardised uptake values (SUV) of the
abnormal lesions. Reliable intensity assessments were made using standardised
tumour/non-tumour ratios. Metabolic changes after chemotherapy have been
shown to precede volume reduction of the tumour.21 In view of this, our find-
ings may be interpreted as result of early tumour viability reduction occurring
before shrinkage of the enlarged lymph node.

Timing of PET is essential for the interpretation of the FDG uptake. Shortly
after their administration, chemotherapy, radiotherapy and haematopoietic
growth factors (such as granulocyte colony stimulating factor (G-CSF)) may influ-
ence the PET scan.21 Chemotherapy may suppress FDG uptake (so-called ‘flare’
phenomenon). Radiotherapy administered shortly before scanning may lead to
increased FDG uptake due to local inflammation,22 and use of haematopoietic
growth factors may lead to increased FDG uptake in spleen and bone marrow.23

In our study, a window of three weeks between chemotherapy course and PET
was used, while G-CSF was not used before PET scanning.

The second PET evaluation was planned in parallel to conventional diag-
nostic procedures after two courses of reinduction chemotherapy. This time point
is conventionally used for clinical assessment of response. Non-responding
patients will not be treated with ASCT and usually will be offered rescue or alter-
native treatment options at this time point. We do not know whether timing of the
PET scan shortly before myeloablative therapy would have led to an even bet-
ter correlation with outcome. For reasons of patient management, PET scanning
just before myeloablative therapy would be unsuitable as a tool of selection.
Römer et al.24showed a continuing decline of FDG uptake from day 7 until day
42 in patients with newly diagnosed lymphoma treated with CHOP-like therapy.
Kostakoglu et al.25stated that FDG-PET after 1 cycle of chemotherapy is better
for predicting outcome than post-treatment scanning in lymphoma patients. This
again means that chemosensitivity proven by normalisation of FDG-uptake is
an important prognostic factor for outcome, which can be useful early during
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treatment. At the moment there are few data available addressing this issue in
relapsed lymphoma. In keeping with our results, PET scanning within 8 weeks
before transplantation appeared to be highly predictive for relapse-free survival
in a study of 16 patients with relapsed or non-responsive lymphoma.14

The predictive value of FDG-PET might be different for Hodgkin’s lymphoma
and non-Hodgkin’s lymphoma, as these are distinct disease entities. In our study
only 23% of the patients with Hodgkin’s lymphoma relapsed versus 67% of
patients with NHL. FDG-PET showed excellent correlation with PFS especially
in HD patients. None of the HD patients with normalisation of the PET lesions
relapsed after transplantation.

The results presented indicate that PET is a promising tool during the treat-
ment of relapsed lymphoma patients. Patients with a negative PET scan after
two courses of re-induction chemotherapy have an excellent outcome after ASCT.
This mid-treatment PET scan can be used not only as a predictor for long-term
treatment outcome after ASCT, but also to identify patients who may need other
or additional therapy.
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In this thesis a number of individual studies are presented concerning
treatment, and prognostic aspects of young patients with poor-risk
aggressive lymphomas. Although these studies contain several
overlapping and parallel issues, the disparities in clinical presentation,
treatment, prognostic factors and outcome of distinct lymphoma entities
are substantial. Therefore, the chapters in this thesis have been grouped
according to the main lymphoma type addressed in the separate studies,
i.e. diffuse large B-cell lymphoma, Burkitt lymphoma, and post-
transplant lymphoproliferative disorder – also called post-transplant
lymphoma –, respectively. In addition, prognostic factors related to
outcome in relapsing aggressive lymphoma are presented. Accordingly,
the summary and discussion follow this grouping.

Chapter 2 Diffuse large B-cell lymphoma

In chapter 2.1 and 2.2 the results are presented of dose-intensified chemother-
apy treatment in diffuse large B-cell lymphoma. When these HOVON (stichting
Hemato-Oncologie voor Volwassenen Nederland) studies were initiated, 8 cycles
of CHOP-21 (cyclophosphamide, hydroxyldaunomycin, vincristine, prednisone)
three-weekly was considered the standard of treatment.1 Our main question was
whether treatment results could be improved by intensifying chemotherapy. The
rationale for these studies was based on the favorable results of high-dose
chemotherapy followed by autologous stem cell transplantation (ASCT) in
patients with relapsed aggressive lymphoma (PARMA) and the importance of
cyclophosphamide and doxorubicin dose for outcome in aggressive lymphoma.2

Short of autologous stem cell support, intensification of CHOP-21 had not
been very successful.3 The introduction of G-CSF (granulocyte colony stimulat-
ing factor) provided the possibility to escalate the CHOP-21 regimen, without
the use of autologous stem cell support. The IPI (International Prognostic Index)
had not been published yet, therefore patients with aggressive lymphoma were
stratified into low, intermediate or high-risk, according to the previously defined
HOVON risk profile.4 Patients with high-risk, who according to this HOVON risk
stratification had an expected survival of only 24% at 5 years, were enrolled into
two consecutive phase II trials (HOVON-27 and -40) with front-line high-dose
chemotherapy and ASCT, described in chapter 2.1. For patients with interme-
diate-risk, who had an expected 5 year survival of 49% according to HOVON risk
criteria, a randomized phase III was initiated that compared intensified-CHOP
to CHOP-21 (HOVON-26), described in chapter 2.2.
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Chapter 2.1 Up-front ASCT in poor risk DLBCL, HOVON trials 27 and 40
The results of the first trial (HOVON-27) with up-front ASCT were disap-

pointing. Outcome of this trial, which consisted of two high-dose induction
courses of chemotherapy followed by ASCT, did not differ from a historical cohort
of patients with the same risk factors treated with 8 cycles of CHOP-21. Based on
the analysis of this HOVON-27 trial and the available literature that reported
conflicting results of up-front ASCT at that time, it was hypothesized that a more
robust induction treatment before ASCT, containing a higher cumulative dose
of cyclophosphamide and doxorubicin might improve outcome. Our subsequent
HOVON-40 trial tested this hypothesis by adding 3 courses of intensified CHOP
to the induction treatment, which was otherwise equal to trial HOVON-27. The
results of this strategy were remarkable, resulting in a marked improvement in
event free, progression free and overall survival in the HOVON-40 trial com-
pared with the HOVON-27 trial.5 We concluded from these consecutive studies
that ASCT as front-line treatment in high-risk patients with diffuse large B-cell
lymphoma is more successful after a robust induction treatment, i.e. – in the case
of the HOVON-40 schedule – treatment with a sufficient amount of dose-dense
cyclophosphamide and doxorubicin. Nevertheless, 25% of patients still failed to
respond to induction treatment. Thus, reducing the number of primary refrac-
tory patients remains an important goal of current and future clinical studies in
high-risk diffuse large B-cell lymphoma. This refractoriness will probably not
be amenable to further chemotherapy manipulation, because the proportion of
refractory patients in HOVON-27 and -40 was not different.

Overcoming primary resistance by adding (radio-)immunotherapy to
chemotherapy, e.g. rituximab, will be the obvious next step in ameliorating treat-
ment results. The addition of rituximab to chemotherapy schedules may sub-
stantially reduce the fraction of patients with primary refractory disease.6,7

Although rituximab was found to be active in combination with CHOP in all IPI
risk classes in the elderly,6 and the IPI remained relevant as risk classifier in low
risk young patients treated with rituximab,7 it remains to be determined whether
rituximab will be equally effective in young patients with high-risk disease, such
as those with advanced disease and highly elevated LDH levels included in our
HOVON-27 and 40 trials. Moreover, highly elevated LDH levels may confer addi-
tional risk beyond the IPI for outcome.8 Thus, despite the expected strong effects
of rituximab, there might still be a place for up-front ASCT in patients with poor-
risk diffuse large B-cell lymphoma. Obviously, it remains to be determined
whether, and if so, which patients will benefit from this strategy when rituximab
is added to high-dose treatment schedules. Several prospective studies are cur-
rently comparing R-CHOP-like therapy to R-high-dose treatment followed by
ASCT in poor-risk patients. Similarly, HOVON is conducting a prospective ran-
domized study, comparing R-CHOP with an up-front ASCT regimen, based on
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the HOVON-40 with the addition of rituximab in intermediate-high and high-
risk age-adjusted IPI (aa-IPI) patients (HOVON-63).

Chapter 2.2 Intensified-CHOP-14 v. CHOP-21 in patients with
intermediate-risk aggressive NHL (HOVON-26)
In chapter 2.2 the effect of doubling the dose intensity of cyclophosphamide

and doxorubicin on outcome was investigated in patients with intermediate-risk
aggressive lymphoma according to HOVON risk criteria. In this trial, the cumu-
lative doses of the aforementioned drugs were the same, but the fractional dose
of chemotherapy per cycle in the experimental, so called intensified-CHOP-14
arm was increased and delivered in 12 weeks instead of 24 weeks in the standard
CHOP-21 arm. With G-CSF support the planned dose could be attained in 70%
of the patients in both arms of the study and the median increment of actual
delivered dose intensity, of doxorubicin and cyclophosphamide in the intensified
CHOP-14 arm was almost twice that of the CHOP-21. However, no significant
improvement in outcome of patients treated according to the intensified CHOP
arm was observed.

Hypothesis-generating subgroup analysis indicated a possible improvement
in FFS for patients with low or low-intermediate aa-IPI. However, these results
must be interpreted with caution, because the trial was not powered for this sub-
group analysis. Fortunately, the results of our subgroup analysis are supported
by the German B1 study, in which CHOP-14 was better than CHOP-21 in patients
with low, low-intermediate aa-IPI risk aggressive NHL.9 In addition, a 2 weekly
CHOP schedule, although more toxic at least in case of intensified CHOP-14, will
shorten the total duration of treatment substantially. Taken together, dose-dense
CHOP either as CHOP-14 or intensified CHOP-14 may be the preferred
chemotherapy in combination with rituximab in treatment for young patent with
low or low-intermediate aa-IPI aggressive lymphoma. For patients with higher
risk profiles chemotherapy intensification of this order of magnitude is apparently
not sufficient. These patients might indeed be candidates for strategies incorpo-
rating up-front high-dose therapy and ASCT.5,10

Both intensification of CHOP as well as the addition of rituximab may
improve results in elderly patients of all IPI risks, as well as young patients with
low, low-intermediate risk DLBCL.6,7,9,11 In elderly patients, preliminary results
from HOVON indicate that R-CHOP-14 is also superior to CHOP-14.12,13 Thus,
available evidence indicates that the additive effect of rituximab is independent
of chemotherapy dose. Obviously, the question still to be answered is: will R-
CHOP-14 or R-intensified-CHOP-14 be better than R-CHOP-21? This question
will hopefully be answered by the French lymphoma group, which is currently
comparing 8 cycles of R-CHOP-14 with R-CHOP-21 in elderly patients.
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Furthermore, the addition of rituximab to dose-dense chemotherapy has also
reopened the debate about the total amount of chemotherapy cycles necessary
for cure. This debate has been fuelled by excellent results of 6 cycles of R-CHOP-
21 combined with radiotherapy in young patients with low-risk disease in the
MINT trial,7 and preliminary data from a recently completed DSGHL-trial
(RICOVER) comparing 6 cycles of CHOP-14 with 8 cycles of CHOP-14 each com-
bined with, or without rituximab, in elderly patients with diffuse large B-cell
lymphoma. The latter trial contained a direct comparison between 6 or 8 cycles
of CHOP-14. After a median observation time of 26 months, there was a trend for
better freedom from treatment failure after 8 cycles of CHOP-14 compared to 6
cycles of CHOP-14 (58% v. 53%; p=0.13), but this trend was neutralized after the
addition of rituximab: 70% for both 6 and 8 cycles R-CHOP-14.13 Although an
impressive number of patients (n=1330) have been included in this trial, and it
was powered to detect a 9% freedom from treatment failure at 3 years, follow-up
is still short and these data need further maturation before more definite con-
clusions are possible. More importantly, the question whether 6 cycles of R-
CHOP-14 alone will be sufficient for cure will not be answered by this trial,
because additional radiotherapy was administered to patients with bulky and
extranodal sites of disease, as has been the case in other trials of the DSGHL
comparing six cycles of CHO(E)P-14 with CHO(E)P-21.9,11 Of note, the ongoing
French study mentioned before is comparing 8 cycles of R-CHOP-14 with R-
CHOP-21 without the additional use of radiotherapy. It will be very difficult to
compare the efficacy and, moreover, potential late toxicity (such as in-field sec-
ondary tumors and vascular damage) introduced by the consolidation radio-
therapy after 6 CHOP cycles, versus the addition of 2 extra CHOP cycles.
Furthermore, chemotherapy seems to be less safe, as far as late toxicity is con-
cerned, than previously assumed. A recent study by the EORTC based upon a
large series of patients with aggressive NHL treated with 8 CHOP-like courses,
showed impressive late cardiotoxicity, undoubtedly related to ‘normal’ (i.e. not
exceeding the cumulative dose of 400 mg/m2) dose of adriamycin given.14

Chapter 2.3 Prognostic significance of germinal center associated
proteins and chromosomal breakpoints in poor-risk diffuse large B-
cell lymphoma
Apart from the IPI, intrinsic biological aspects of the tumor also play a role

in prognosis. Although many studies have focused on the significance of intrin-
sic characteristics of the tumors, e.g. protein or gene expression and chromoso-
mal breakpoints, the clinical relevance of many of these markers is inconsistent.
Moreover, few markers retain sufficient prognostic significance independently
when adjusted for the overriding prognostic impact of the IPI risk score. Gene
expression analysis enables subclassification of diffuse large B-cell lymphoma

Secondary IPI and outcome after ASCT in NHL
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into tumors with an expression pattern resembling that of B-cells of the normal
germinal center (GCB) or an expression pattern more resembling that of acti-
vated, post-germinal center B-cells, also called non-germinal B-cells (non-GCB).
Patients with tumors exhibiting non-GCB gene expression have worse survival
than those with tumors exhibiting GCB gene expression.15 Importantly, this effect
is independent from IPI risk factors in patients treated with CHOP-like ther-
apy.16 Moreover, similar grouping can be achieved by using a simple algorithm,
combining the expression of CD10, bcl6 and MUM1 by immunohistochemistry.17

In chapter 2.3 we investigated whether the prognostic value of GCB versus
non-GCB diffuse large B-cell lymphoma would also be present in a homoge-
neous group of patients with poor IPI risk, treated with high-dose therapy and
ASCT as first-line treatment. In addition, we also analyzed the prognostic value
of different chromosomal breakpoints. We could confirm the prognostic value
of GCB v. non-GCB immunophenotype in our group of patients. In addition,
based on analysis of the prognostic value of the individual markers, we argued
that a higher cut-off value for MUM1/IRF4 might improve the negative predic-
tive value of this marker and the performance of the algorithm.18

Chromosomal breakpoints did not seem to confer additional prognostic
impact. However, given the number of patients analyzed, clinically relevant dif-
ferences might still be present when analyzed in larger groups of patients. The
adverse prognostic impact of bcl2 protein expression reported by others was con-
firmed. This effect was present both in GCB as well as in non-GCB tumors.
Apparently, this adverse effect on prognosis associated with bcl2 was inde-
pendent of the mechanism leading to over-expression, i.e. chromosomal translo-
cation of the BCL2 gene t(14;18), found in the majority of GCB tumors, or other
mechanisms leading to bcl2 over-expression in non-GCB tumors.

Our findings confirm the prognostic value of the immunophenotype in
DLBCL and extend these finding to patients with poor-risk disease treated with
high-dose chemotherapy and ASCT. Future studies will have to determine,
whether the prognostic value of this algorithm will keep its predictive value for
prognosis in patients treated with rituximab. For instance, rituximab seems to
have higher efficacy in tumors with bcl2 overexpression,19 a marker independ-
ently associated with worse prognosis in patients treated without rituximab. Thus,
although the prognostic value of individual markers may be transient in the light
of changing treatment paradigms, gene-expression studies in lymphoma are of
great importance for unraveling histopathogenesis and guiding new treatment
modalities in malignant lymphoma. Therefore, the retrieval of adequate (frozen)
tumor material and construction of tissue microarrays in clinical studies is of
utmost importance.

6  Summary and general discussion
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Chapter 3 Burkitt lymphoma

Chapter 3.1 Short intensive sequential therapy and ASCT in adult
Burkitt lymphoma
In adults, this highly aggressive lymphoma is very rare and treatment not

well defined. Treatment according to protocols usually employed for treatment
of diffuse large B-cell lymphoma, such as CHOP chemotherapy, are not effective
in Burkitt lymphoma. Its high growth fraction, presentation at extranodal sites
and increased incidence of meningeal dissemination necessitate high-dose treat-
ment regimens combined with central nervous system prophylaxis. These regi-
mens, which are highly successful in children, are also effective in adults, but
more toxic.

Based on promising results from of ASCT in patients with aggressive lym-
phoma in first remission, including Burkitt lymphoma, we decided to investigate
the feasibility and efficacy of up-front ASCT in adult patients with advanced
non-leukemic Burkitt lymphoma. The treatment protocol (HOVON-27BL) was
similar to that of patients with high-risk diffuse large B-cell lymphoma included
in the HOVON-27 protocol (see chapter 2.1). In contrast to patients with diffuse
large B-cell lyphoma, in whom this very short high-dose treatment protocol was
ineffective, the results in adult patients with Burkitt lymphoma were excellent
and competitive to that of high-dose pediatric treatment regimens.20 However,
it must be stressed that we only included patients without meningeal disease or
bone marrow dissemination. The efficacy of our treatment protocol in patients
with extensive bone marrow involvement is unknown.

Comparison in a phase III setting of our ASCT-based regimen with a pedi-
atric regimen in adult patients with Burkitt lymphoma would be the obvious next
step. For patients with meningeal involvement we could combine our HOVON-
27 protocol with more intensive intraventricular chemotherapy via an Ommaya
reservoir.21 However, the rareness of Burkitt lymphoma in adults and the excel-
lent results of our own, as well as other current treatment strategies would neces-
sitate a large intergroup consortium to accrue sufficient patients for the detec-
tion of differences. In the mean time, the addition of rituximab to these regimens
has even further increased cure rates, making the feasibility of conducting such
a trial not very realistic.

Chapter 3.2 Gender and age related differences in Burkitt
lymphoma in The Netherlands
Based on histological, immunophenotypical and genetic data Burkitt lym-

phoma is considered to be a single disease entity. However, the striking differ-
ences in absolute and relative incidence – as compared to other lymphoma types –
of Burkitt lymphoma in children and adults, made us wonder whether Burkitt
lymphoma in children and adults should not be considered different diseases.
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We started with an analysis of differences in incidence and clinical charac-
teristics of sporadic Burkitt lymphoma in adults and children in The Netherlands.
For epidemiological reasons, incidence data of BL in The Netherlands, as clas-
sified by morphological data by the local pathologist, were retrieved from the
National Cancer Registry. Unfortunately, this registry does not contain sufficient
clinical data for analysis of disease extent at presentation. Therefore, differences
in clinical characteristics between adults and children with Burkitt lymphoma
were analyzed by comparing adult patients included in the HOVON-27 study
with children treated in SKION/SNWLK protocols during the same time frame.
In addition, in contrast to the epidemiological data, a very strict pathological def-
inition of Burkitt lymphoma was required for patients included in the compari-
son of clinical characteristics from both the SKION and HOVON database, includ-
ing the presence of a MYC/8q21 breakpoint in cases with atypical cytological
features, or so-called atypical Burkitt lymphoma.

A striking male preponderance was seen at all ages for Burkitt lymphoma
recorded in the national cancer registry, suggesting a possible difference in
genetic background of the disease in male as opposed to female patients. In addi-
tion, in male patients a bimodal age incidence was found with a peak at pediatric
age and a steady increase after 60 years, supporting the hypothesis of the exis-
tence of two disease entities for the different age groups. In contrast, the inci-
dence in female patients was stable in all age categories. The major difference
in clinical presentation of Burkitt lymphoma between children and adults was the
frequency of extranodal disease, which was more frequently observed in child-
hood Burkitt lymphoma.

A major limitation of the epidemiological analysis is the absence of histolog-
ical review of the registry data. This may have created bias especially in adults,
because there may be a substantial gray zone between Burkitt lymphoma and
diffuse large B-cell lymphoma in adults.22 As for the comparison of clinical char-
acteristics at presentation, bias could have been created because patients were
selected, based on the same criteria as used for entry in the HOVON-27 trial.
Only patients younger than 66 years were included and patients with CNS dis-
ease, extensive bone marrow dissemination, or bad performance status were
excluded. This led to the exclusion of 25% of childhood Burkitt lymphoma cases
in the SKION database. The incidence of patients with these characteristics in the
adult population is unknown and might be different. Nevertheless, despite the
constraints of these analyses, the hypothesis that Burkitt lymphoma at least in
male patients might consist of two different diseases is still tenable.

Because Burkitt lymphoma can also be classified based on specific gene
expression profiles,23,24 analyzing differences in gene expression of Burkitt lym-
phoma in (male) children and adults might be an other way to further investigate
our hypothesis.

6  Summary and general discussion
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Chapter 4 Post-transplant lymphoma

Post-transplant lymphomas (PTLD) are lymphomas developing in recipients of
solid organ or bone marrow transplantation. Most of these lymphomas are of B-
cell origin and contain EBV (Epstein Barr virus). Immunosuppressive treatment
to prevent allograft rejection leading to diminished T-cell surveillance, may give
rise to an unchecked EBV driven B-cell proliferation ultimately leading to lym-
phoma. These lymphomas often present at extranodal sites, including the allo-
graft, are sometimes difficult to diagnose, and may behave very aggressively.
Even with rituximab treatment mortality is high. We analyzed the clinical char-
acteristics, treatment, outcome and prognostic factors of patients with these lym-
phomas observed in recipients of kidney or lung transplants between 1985 and
2002 in our hospital.

Chapter 4.1 Early PTLD is localized in the allograft
The incidence, clinical characteristics at presentation, treatment outcome

and prognostic factors of PTLD were analyzed in a large cohort of kidney and
lung transplant recipients in the UMCG. Forty patients with histological con-
firmed PTLD were observed in a cohort of 1354 kidney and 206 lung transplant
recipients, who had been transplanted between 1985 and 2002. Lung transplant
recipients had higher incidence rates of PTLD than did kidney transplant recip-
ients (8.3% v. 1.7%), probably related to higher doses of immunosuppressive
treatment in the lung transplant recipients. Extranodal presentation occurred in
73% of the patients including allograft localization. Half of the PTLD occurred
within one year after transplantation. The allograft was significantly more fre-
quently involved as primary site of PTLD presentation during the first year after
transplantation. In multivariate analysis, predictive factors remaining significant
for outcome of PTLD treatment were: performance status and advanced stage
for response, and performance status for survival, respectively.

The results of this analysis are of course limited because they are not cor-
rected for treatment modality, which has changed over time during the observa-
tion period. As soon as rituximab became available we have treated all patients
with this monoclonal antibody. It may well be that prognostic factors of rele-
vance for treatment outcome of PTLD before rituximab became available, will be
less or no longer relevant after its introduction. Of the 14 consecutive patients
treated with rituximab in our cohort, 12 patients (86%) had a complete response,
which is higher than the 45% complete response rate reported recently in a
prospective study of rituximab treatment in 43 PTLD patients.25 Interestingly,
in the latter cohort of patients only elevated LDH level remained as prognostic
adverse factor for response.
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The most interesting finding was our observation of the association between
allograft localization and early PTLD. One could speculate that these lymphomas
might be partially donor-derived, i.e. originated from donor lymphocytes trans-
planted with the allograft. However, this hypothesis will not suffice because most
PTLD’s, including those localized in the allograft, are recipient-derived. In con-
trast, we speculate that the microenvironment of the allograft may play a per-
missive role in the development of PTLD.26 The intriguing association between,
recipient derived EBV positive B-cells, decreased immune response, allograft
microenvironment, HLA match and PTLD development needs further study.

Chapter 4.2 FDG-PET in PTLD
Given the excellent results of FDG-PET as tool in staging and treatment eval-

uation of malignant lymphoma, we also analyzed the applicability of FDG-PET
(18-fluorodeoxyglucose positron emission tomography) in PTLD. Although the
series of patients analyzed was small, all PTLD lesions studied were highly FDG
avid. Extranodal localizations of PTLD, which are frequently present but often
difficult to detect by conventional CT scanning, were easily detected by FDG-
PET. Disappearance of PET positive lesions after treatment correlated well with
freedom from PTLD recurrence. Thus, as is the case in diffuse large B-cell lym-
phoma, PET-FDG is also an excellent tool for staging and treatment evaluation
in PTLD.

Chapter 5 Relapsed aggressive lymphoma

Young patients with aggressive lymphoma who relapse after-, or are primary
refractory to first-line treatment can be salvaged by ASCT, provided their disease
is still responsive to salvage chemotherapy.27,28 The latter is usually defined as:
at least a partial response, based on conventional diagnostic methods, including
a CT-scan. However, only half of the patients who have failed first-line treat-
ment will be responsive and of those 50% will be cured by ASCT.27 To improve
upon these results, better parameters are required for the prediction of response
and cure. To this end, we investigated the prognostic value of clinical factors and
early FDG-PET defined response in two cohort studies of young patients with
relapsed chemosensitive lymphoma who were treated with ASCT.

Chapter 5.1 Prognostic value of secondary age-adjusted IPI
We analyzed the prognostic value of the age-adjusted IPI at relapse in a

cohort study of 88 young patients with NHL failing first-line CHOP-like treat-
ment, and who were treated with ASCT in our hospital between 1989 and 2002.
The secondary age-adjusted IPI (2nd-aa-IPI) proved to be highly predictive for
outcome in these patients who were still chemosensitive, i.e. responded to sal-
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vage chemotherapy based on CT findings, and were subsequently treated with
ASCT.

Our study included patients with different duration of response to, and even
patients with less than partial response to first-line treatment. The quality as
well as duration of response to first-line chemotherapy are of predictive value for
response to salvage chemotherapy.27,29 However, in keeping with the finding of
others,30 in patients who responded to salvage chemotherapy, quality and dura-
tion of response to first-line treatment were no longer of significance for out-
come after ASCT in our analysis.

Our cohort contained not only patients with DLBCL, but also a substantial
number of patients with other histologies. Although these subgroups were obvi-
ously too small for definite conclusions, our results indicate that the 2nd-aa-IPI
might also have prognostic value in chemosensitive patients with other histolo-
gies.31

A limitation of this study is the fact that patients were selected based upon
chemosensitivity, i.e. post-hoc determined response based on CT scanning after
two courses of salvage induction treatment. Many patients received their sec-
ond-line induction chemotherapy outside the UMCG, and were only referred for
the transplant procedure if considered chemoresponsive. Therefore, we lacked
data on the characteristics of those patients who had failed second-line treat-
ment in this time frame. We estimate that this cohort contained approximately
half of all young patients failing first-line chemotherapy, given the approximately
50% response rate to salvage chemotherapy usually observed in these patients in
that time frame.27 This means that the patient population will indeed have been
selected and 2nd-aa-IPI might not necessarily have the same predictive value in
those not responding to second-line treatment. However, our primary objective
was to find prognostic factors in a population of patients selected on the basis of
primary eligibility for ASCT, i.e. responding disease as proven by at least partial
response after second-line chemotherapy, based on conventional diagnostic
methods (CT scan). In addition, after the first report of our data (ASH 2002) the
value of the 2nd-aa-IPI was confirmed in a large cohort of 150 DLBCL patients
from New York,30 both in all patients as well as in chemosensitive patients only.

Thus, it may be concluded that the 2nd-aa-IPI is of prognostic importance in
all patients, as well as in chemosensitive patients only. Moreover, our results as
well as those of others indicate that chemosensitivity and 2nd-aa-IPI are both
important and independent prognostic factors for outcome of ASCT in patients
with DLBCL who failed first-line treatment. Hence, in addition to determining the
2nd-aa-IPI, the early detection of patients with insufficient response to salvage
treatment is important in order to determine which patients might need modi-
fied salvage treatment.
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Chapter 5.2 Predictive value of early FDG-PET in chemosensitive
relapsed lymphoma
In this chapter we addressed the question of better defining early response

by analyzing the predictive value of midtreatment FDG-PET for outcome after
ASCT in patients who had failed first-line treatment for aggressive non-
Hodgkin’s and Hodgkin lymphoma. Half of the patients with apparent respon-
sive disease, again classified by conventional criteria based on CT scanning, ulti-
mately relapsed after ASCT. From these patients, who all had complete or partial
response based on conventional diagnostic methods, those with normalized FDG-
PET scans after two courses of chemotherapy had excellent outcomes, whereas
the failure rate after ASCT in patients with a positive midtreatment PET scan
was 65%. In contrast to FDG-PET defined response, there was no correlation
between the presence or absence of residual tumor mass on midtreatment CT
scan and progression after ASCT. Our pilot study underscores the high per-
formance of FDG-PET as compared with conventional CT scanning for defining
responsive disease and shows promising results of midtreatment FDG-PET in the
prediction of outcome of patients treated for relapsed malignant lymphoma.32,33

The predictive value of early FDG-PET for outcome has been further confirmed
by us and others in relapsed34 as well as in newly diagnosed aggressive lym-
phoma35 and Hodgkin lymphoma.36,37 A prospective, blinded FDG-PET study in
first-line (R)-CHOP treatment in aggressive lymphoma in The Netherlands
(PALET study), has recently been completed and hopefully can validate the pre-
dictive value of midtreatment FDG-PET in front-line treatment of diffuse large
B-cell lymphoma more precisely.

Based on these data, future treatment, at least for patients with relapsed
DLBCL, will be based on FDG-PET-defined response criteria. For instance,
patients with FDG-PET positive lesions after salvage treatment, and those with
insufficient midtreatment FDG-PET-defined response, might be candidates for
more intensive myeloablative treatment, or salvage therapy containing new treat-
ment modalities, respectively. In addition, given the high predictive value of
FDG-PET for residual lymphoma after treatment,38 it can be envisaged that also
primary endpoints in future clinical trials will be based on FDG-PET findings
instead of time dependent survival endpoints. This will have important conse-
quences for the design and statistics of new studies in aggressive lymphoma.

Concluding remarks

Considerable improvement in the outcome of patients with poor-risk aggressive
lymphoma has been achieved in the past decade. Major steps forward have been
the development of the IPI and the WHO lymphoma classification based on ‘real’
entities, enabling better comparison and stratification of patients according to
distinct histologies and clinical risk. The use of G-CSF has enabled dose-dense
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treatment strategies and harvesting of stem cells from the peripheral blood for
myeloablative therapy with ASCT. The introduction of rituximab has already
dramatically changed treatment of CD20 positive B-cell lymphoma, but has only
heralded the arrival of a large array of new treatment modalities based on com-
binations of chemotherapy, immunotherapy, immunotherapy conjugates, and
stem cell support. These modalities need careful clinical studies in close coop-
eration between the pharmaceutical companies that provide these new modali-
ties and the clinical investigators. FDG-PET has substantially improved staging
and treatment evaluation and will rapidly become an important tool to guide
treatment early after the start of therapy. Biological studies on tumor material
from uniformly treated patients with homogeneous clinical risk scores will enable
the detection of clinically relevant (sub) groups of lymphoma with different prog-
nosis, possibly in need of new treatment strategies. Future clinical studies will
have to be coupled prospectively to biological side studies. Obtaining fresh tumor
material and creating tissue microarrays for ancillary biological studies will
become mandatory for future clinical studies in malignant lymphoma. This and
future research in lymphoma has been, and will only be possible in the context
of a multicenter cooperative structure, such as HOVON, enabling research by
providing a forum for investigators with new ideas, serving as a robust research
partner for pharmaceutical companies with investigational drugs, and last but
not least obtaining sufficient financial support for conducting prospective clini-
cal studies.
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Samenvatting

Inleiding

Indolente en agressieve lymfomen
Dit proefschrift gaat over maligne lymfomen, ook wel lymfeklierkanker

genoemd.
In Nederland krijgen jaarlijks ongeveer 3000 mensen een maligne lymfoom.

Van oudsher worden de maligne lymfomen ingedeeld in de ziekte van Hodgkin
(Hodgkin lymfoom) en de overige lymfomen, de zogenaamde niet tot de ziekte
van Hodgkin behorende, ofwel non-Hodgkin lymfomen (NHL). De NHL komen
met ongeveer 2500 nieuwe gevallen per jaar het meest voor. Er zijn echter veel
verschillende soorten NHL. Zij kenmerken zich door verschillen in presentatie,
gedrag en mogelijkheden voor behandeling en genezing. Sommige lymfomen
groeien zeer langzaam in de loop van maanden tot jaren. Bij een aantal van deze
‘indolente’ soorten hoeft soms niet eens onmiddellijk een behandeling te worden
ingesteld. Andere, zogenaamde agressieve vormen, groeien zeer snel en leiden
indien niet snel een behandeling wordt ingesteld binnen korte tijd (weken tot
maanden) tot de dood. Deze agressieve vormen kunnen echter met intensieve cel-
remmende medicijnen (cytostatica) worden genezen. Onderzoek naar verbeter-
ing van de behandeling en naar betere voorspellers van genezing van agressieve
lymfomen staat in dit proefschrift centraal.

Maligne lymfomen, tumoren van het afweersysteem
Maligne lymfomen zijn kwaadaardige tumoren (gezwellen) welke ontstaan uit

lymfocyten, een celsoort in het lichaam die een belangrijke rol speelt bij de gespe-
cialiseerde afweer tegen infecties. Lymfocyten ontstaan samen met de andere
bloedvormende cellen uit een gemeenschappelijke stamcel in het beenmerg en
rijpen daarbuiten verder uit in het lymfeklierweefsel en de lymfoide organen.
Hiertoe behoren de lymfeklieren, de milt, de thymus, maar ook het lymfoide
weefsel dat zich op andere strategische plaatsen in het lichaam bevindt, zoals
langs de darm, en de luchtwegen. Lymfocyten zijn meestal niet gebonden aan een
vaste plaats in het lichaam en bevinden zich ook in het bloed. Afhankelijk van
hun eigenschappen en functie kunnen zij zo via het bloed naar de verschillende
andere lymfoide weefsels of plaatsen van infectie circuleren. Op die wijze zijn zij
in staat hun speciale afweerfunctie uit te oefenen op plaatsen waar dat nodig is.
Bij de uitrijping en verdere differentiatie van lymfocyten ontstaat door interac-
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tie met andere cellen van het afweersysteem uiteindelijk een zeer gespecialiseerd
afweersysteem, bestaande uit zogenaamde B- en T-lymfocyten, die in een
nauwkeurig onderling samenspel een belangrijke rol spelen bij de bescherming
van ons lichaam tegen infecties. B-lymfocyten zijn vooral belangrijk bij de vorm-
ing van antistoffen tegen infecties met bacteriën. T-lymfocyten spelen een belan-
grijke rol bij de afweer tegen virusinfecties of kanker en bij afstotingsreacties na
orgaantransplantaties.

Herschikking van genen
Tijdens het nauwkeurig gereguleerde proces van uitrijping en differentiatie

van lymfocyten worden dagelijks miljoenen, meer of minder gespecialiseerde,
nieuwe lymfocyten gevormd en gaan er tegelijkertijd vele miljoenen overbodige
lymfocyten dood. Bij een bacteriële infectie worden bijvoorbeeld de B-lymfo-
cyten met de beste functionele eigenschappen gericht tegen deze bacterie uit-
geselecteerd. Dit selectieproces waarbij lymfocyten zich vermenigvuldigen en
verder differentiëren speelt zich vooral af in de milt en de lymfeklieren. De plaats
waar dit selectieproces plaatsvindt in lymfeklieren en milt, is goed te herkennen
onder de microscoop en wordt follikel centrum, ook wel kiemcentrum (Engels:
germinal center) genoemd. De op deze wijze geselecteerde en zich vermenig-
vuldigende B-lymfocyten kunnen daarna – deels buiten het kiemcentrum – verder
uitrijpen tot cellen die volop antistoffen gaan produceren (plasmacellen) welke
heel specifiek zijn gericht tegen de betreffende bacterie onderdelen, ook wel
antigenen (onderdelen waartegen antistoffen zijn gericht) genoemd. B-lymfo-
cyten met minder goede functionele eigenschappen in relatie tot de bacteriële
infectie ondergaan een proces van gereguleerde celdood.

In deze verzameling van delende en zich specialiserende lymfocyten aan de
ene kant en gecontroleerd stervende lymfocyten aan de andere kant, wordt een
grote aanspraak gedaan op de nauwkeurige werking en onderlinge afstemming
van de verschillende regelmechanismen in de lymfocyt die bij dit proces zijn
betrokken. Zo is bijvoorbeeld voor het produceren van de juiste antistoffen her-
schikking nodig van DNA, het genetische materiaal wat de code bevat voor – in
dit geval – de te vormen antistof. Om die herschikking mogelijk te maken moeten
op speciale plaatsen tijdelijk breuken gemaakt worden in de chromosomen
(dragers van het DNA). Deze breuken worden vervolgens, nadat de noodzake-
lijke herschikking heeft plaatsgevonden weer aan elkaar gelast. Bij dit proces
van ‘knippen en plakken’ kunnen gemakkelijk fouten optreden waarbij breuken
niet of onjuist worden gelast. Meestal gaat de lymfocyt bij het optreden van
dergelijke fouten te gronde door het actief worden van het proces van gecon-
troleerde celdood. Echter, wanneer meerdere mechanismen tegelijk, of na elkaar
ontregeld raken, kan een lymfocyt soms ontsnappen aan deze geprogrammeerde
celdood en uitgroeien tot een gezwel (tumor), een maligne lymfoom.
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Oorzaken van maligne lymfomen
Hoewel er steeds meer bekend wordt over de processen in de lymfocyt die

ontregeld raken bij het ontstaan van maligne lymfomen, is de exacte oorzaak
van de maligne ontaarding bij de meeste lymfomen nog onbekend. In sommige
gevallen is er een relatie aantoonbaar tussen het ontstaan van een maligne lym-
foom en een infectie en of verminderde functie van regulerende T-lymfocyten.
Een goed voorbeeld van een lymfoom dat kan ontstaan door een verminderde
controle door T-lymfocyten is het post-transplantatie lymfoom (PTLD) bij patiën-
ten na een orgaan transplantatie. De afweer onderdrukkende medicijnen die
worden gegeven om de afstoting van het getransplanteerde orgaan tegen te gaan
zorgen voor een onderdrukking van T-lymfocyten, die op hun beurt daardoor
niet, of minder goed in staat zijn hun regulerende functie op andere lymfocyten
uit te oefenen. Dit lymfoom wordt in dit proefschrift uitvoerig beschreven in
hoofdstuk 4.

Presentatie en classificatie
Een maligne lymfoom kan het beste worden beschouwd als een kwaadaardige

ontaarding van een lymfocyt in een bepaald ontwikkelingsstadium en zijn directe
nakomelingen. Bij volwassenen treden de meeste fouten op tijdens deling en dif-
ferentiatie in het kiemcentrum. De meeste lymfomen ontstaan dan ook uit B-
lymfocyten, maar ook T-lymfocyten of B-lymfocyten buiten het kiemcentrum
kunnen kwaadaardig ontaarden. Afhankelijk van de differentiatie en circulatie
eigenschappen van de kwaadaardig ontaarde lymfocyten kan een maligne lym-
foom zich overal in het lichaam manifesteren.

Zoals dat met veel vormen van kanker het geval is, neemt de kans op een
maligne lymfoom toe met de leeftijd, maar sommige lymfomen, zoals het
zeldzame Burkitt lymfoom (hoofdstuk 3) worden vaker gezien op kinderleeftijd.
Omdat meer dan 80% van de NHL uitgaan van B-lymfocyten en de meeste B-
lymfocyten aanwezig zijn in lymfeklieren, zal de meerderheid van de NHL zich
als eerste manifesteren in een lymfeklier (nodaal), doch een eerste presentatie
buiten de lymfeklieren (extranodaal) komt in eenderde van de gevallen voor.

De diagnose wordt gesteld door de patholoog op basis van een weefselbiopt.
Volgens de moderne classificatie van de WHO (World Health Organisation) zijn
er meer dan 30 verschillende soorten NHL. Het onderscheid bij weefselonder-
zoek tussen de verschillende vormen is niet altijd even gemakkelijk, maar is
uiterst belangrijk voor behandeling en prognose. Behalve de bevindingen bij
weefselonderzoek, zijn ook lokalisatie en uitbreiding van het lymfoom in het
lichaam (stadium), bepaalde bloedwaarden (LDH), de leeftijd en de algemene
conditie van de patiënt van grote invloed op de kans op genezing.
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Behandeling en prognose
Het diffuus grootcellig B-cel lymfoom (DLBCL) is het meest voorkomende

agressieve lymfoom. Zonder behandeling zullen deze patiënten over het alge-
meen binnen korte tijd (weken tot maanden) overlijden. De behandeling bestaat
vaak uit een combinatie van celremmende middelen (cytostatica of chemother-
apie), tegenwoordig vaak gecombineerd met commercieel geproduceerde anti-
stoffen gericht tegen B-lymfocyten (Rituximab). De combinatie van cytostatica
(CHOP) wordt standaard toegediend in acht kuren welke meestal twee of
driewekelijks worden gegeven. Met deze behandeling wordt, afhankelijk van het
type lymfoom, een groot aantal van de patiënten genezen. Zoals gezegd, hebben
lokalisatie en uitbreiding van het lymfoom in het lichaam (stadium), bepaalde
bloedwaarden (serum LDH), leeftijd en de algemene conditie van de patiënt (per-
formance score) grote invloed op de kans op genezing. Zo kunnen patiënten bij
diagnose worden ingedeeld in groepen met een sterk uiteenlopende kans op
genezing (20%-80%) volgens een internationale prognostische index score (IPI)
welke is gebaseerd op een combinatie van eerdergenoemde prognostische ken-
merken. De voorspellende waarde van deze IPI is zeer krachtig en gaat zelfs op
voor patiënten met een recidief zoals wordt besproken in hoofdstuk 5.

Bij sommige patiënten slaat de chemotherapie in het geheel niet aan, dat wil
zeggen: er is tumorgroei (progressieve ziekte) tijdens de behandeling. Bij anderen
slaat de kuur aanvankelijk wel aan en wordt met de primaire behandeling een
complete remissie bereikt, dat wil zeggen: de ziekte is niet langer aantoonbaar.
Ook bij patiënten die een remissie bereiken bestaat echter een behoorlijke kans
dat de ziekte terugkomt en tot een nieuwe behandeling noopt.

Bij jonge patiënten (< 65 jaar) bij wie de tumor nog reageert op een nieuwe
behandeling wordt dan vaak gebruik gemaakt van een autologe stamcel trans-
plantatie om tot genezing te komen. Hierbij worden zeer hoge doses cytostatica
toegediend om de nog resterende maligne lymfoomcellen definitief uit te roeien.
Als de cytostatica niet meer actief zijn in het lichaam, wordt de behandeling
gevolgd door toediening van tevoren afgenomen en ingevroren stamcellen
afkomstig uit het eigen (autologe) beenmerg. Door teruggave van deze stam-
cellen (beenmerg of stamceltransplantatie) is het mogelijk de beenmergfunctie,
en daarmee de aanmaak van bloedcellen, die door de hoge dosis therapie is
vernietigd weer te herstellen. Of deze behandeling ook zinvol is direct bij diag-
nose bij de groep patiënten met een hoog risico op recidief wordt nog uitgezocht
en is onderwerp van de studies beschreven in hoofdstuk 3.1

Dit proefschrift
Bij het zoeken naar een betere genezing van patiënten met een agressief

lymfoom wordt niet alleen gezocht naar een effectievere behandeling, maar ook
naar klinische karakteristieken, biologische kenmerken van de tumor, of metin-
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gen tijdens de behandeling die een meer of minder gunstig resultaat van de
behandeling kunnen voorspellen. Met die kennis kunnen in de toekomst patiën-
ten worden geselecteerd die potentieel maximaal kunnen profiteren van een
bepaalde behandeling, terwijl voor anderen een andere behandeling wellicht
beter is.

In de verschillende hoofdstukken van dit proefschrift worden, gegroepeerd
naar lymfoomsoort en fase van de ziekte (diagnose of recidief), een aantal ver-
schillende studies besproken. Daarbij zijn zowel nieuwe (experimentele) behan-
delingen, als de factoren welke voorspellend zijn voor de response op de behan-
deling en genezing onderwerp van onderzoek.

Hoofdstuk 2 Diffuus grootcellig B-cel lymfoom

In dit hoofdstuk worden de resultaten besproken van drie verschillende eerste
lijn behandelingsstrategieën om de genezing van patiënten met een diffuus groot-
cellig B-cel lymfoom (DLBCL) te verbeteren. Ook wordt een analyse naar de
voorspellende (prognostische) waarde van verschillende biologische kenmerken
van deze tumor voor de genezing (overleving) van deze patiënten gepresenteerd.

Hoofdstuk 2.1 Autologe stamceltransplantatie als eerstelijns
behandeling bij hoog-risico DLBCL
Dit hoofdstuk is een verslag van twee achtereenvolgende landelijke studies

(HOVON-27 en HOVON-40) naar de waarde van hoge dosis cytostatische ther-
apie en autologe stamceltransplantatie (ASCT) als eerste lijn behandeling bij in
totaal 147 jonge patiënten met een hoog-risco DLBCL. De studies zijn uitgevoerd
in multicenter verband binnen het landelijke samenwerkingsverband HOVON
(stichting Hemato-Oncologie voor Volwassenen Nederland).

Bij de eerste studie (HOVON-27) werd een korte intensieve voorbehandel-
ing (inductie) gegeven gevolgd door ASCT. De resultaten waren echter niet veel
beter dan die welke zijn gevonden bij vergelijkbare hoog-risico patiënten behan-
deld met standaard CHOP in een voorafgaande HOVON studie. Bij de tweede
studie (HOVON-40) werd een langere voorbehandeling gegeven, voorafgaand
aan ASCT. De resultaten waren aanzienlijk beter. Dit was voornamelijk het gevolg
van een betere remissie kwaliteit, met als gevolg een lager percentage recidieven.
Het percentage patiënten wat initieel niet reageerde op de behandeling was
echter niet verschillend en betrof in beide studies een kwart van de patiënten.
Onze belangrijkste conclusie uit deze twee studies is dat ASCT bij patiënten met
een hoog-risico DLBCL alleen zinvol is na het bereiken van een adequate
response na een stevige voorbehandeling. Primaire ongevoeligheid voor
chemotherapie was in beide studies een groot probleem en verbeterde blijkbaar
niet door een meer intensieve chemotherapie. Mogelijk dat de toevoeging van
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Rituximab hier in de toekomst verbetering in kan aanbrengen. Een nieuwe studie
die de combinatie van Rituximab met ASCT volgens het HOVON-40 schema
onderzoekt is gaande in HOVON verband

Hoofdstuk 2.2 CHOP-21 vergeleken met intensified-CHOP-14
De waarde van een kortere, meer intensieve toediening van standaard CHOP

chemotherapie zonder ASCT werd onderzocht bij 477 patiënten met een inter-
mediair-risico. De standaard behandeling bestaande uit acht, 3 wekelijkse CHOP
kuren (CHOP-21) totale behandelingsduur 24 weken werd vergeleken met een
behandeling waarbij dezelfde totale dosis chemotherapie werd gegeven in zes
kuren gedurende 12 weken (Intensified-CHOP-14).

De eerste conclusie van deze studie is dat er geen verschil is in resultaat
tussen beide behandelings strategieën. De behandeling met intensified-CHOP-
14 is weliswaar korter, maar heeft ook meer bijwerkingen.

Het bleek mogelijk het intermediaire risico weer onder te verdelen in patiën-
ten met een laag-, respectievelijk hoog-intermediair risico. Bij subgroepanalyse
van de patiënten met een laag-intermediair risico is er mogelijk een verbetering
van het resultaat met intensified-CHOP-14 in vergelijking met CHOP-21. Bij
patiënten met een hoog-intermediair risico is dit verschil in onze studie niet
waarneembaar. Blijkbaar is deze vorm van intensificatie in ieder geval voor deze
groep patiënten niet bijdragend.

Hoofdstuk 2.3 Prognostische betekenis van kiemcentrum-geas-
socieerde eiwitten en chromosoom breuken in hoog-risico DLBCL
De prognose van patiënten met een DLBCL is behalve van klinische factoren

(stadium, leeftijd, serum LDH, performance score, aantal extranodale lokalisaties;
IPI) ook afhankelijk van biologische factoren van de tumor zelf. DLBCL kan wor-
den verdeeld in tumoren met differentiatie kenmerken meer passend bij B-lym-
focyten in het kiemcentrum (Germinal Center B-lymfocyten; GCB) enerzijds en
anderzijds in tumoren met kenmerken die meer passen bij B-lymfocyten die al
wat verder zijn in hun differentiatie op weg naar antistof producerende cellen
(non-GCB). In dit hoofdstuk hebben wij de voorspellende waarde van deze indel-
ing en een aantal bij DLBCL veel voorkomende chromosoombreuken onderzocht
bij patiënten die werden behandeld met hoge dosis chemotherapie en ASCT vol-
gens de HOVON-27 en -40 protocollen beschreven in hoofdstuk 2.1.

De belangrijkste conclusies van dit onderzoek zijn, dat ook bij deze hoog-
risico patiënten GCB type DLBCL een betere prognose heeft dan non-GCB type
DLBCL. De prognostische betekenis van dit verschil is onafhankelijk van de
behandeling (HOVON-27 of -40) en klinische risico factoren (IPI). De onder-
zochte chromosoombreuken hadden geen aantoonbare prognostische beteke-
nis. Dit bevestigt de belangrijke onafhankelijke prognostische waarde van de
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biologische onderverdeling van DLBCL in GCB en non-GCB tumoren en
benadrukt de noodzaak hiermee rekening te houden bij toekomstig klinisch
onderzoek.

Hoofdstuk 3 Burkitt lymfoom

Burkitt lymfoom komt vooral voor bij jongens en is een zeer agressieve tumor die
vaak ontstaat in plaatsen buiten de lymfeklieren, bijvoorbeeld de darm of speek-
selklier. Bij volwassenen komt deze tumor relatief veel minder voor en de tumor
lijkt zich ook anders te presenteren. CHOP chemotherapie is geen effectieve
therapie gebleken bij het Burkitt lymfoom. De tumor heeft de neiging tussen de
chemotherapie kuren door alweer te groeien en kan gemakkelijk uitzaaien naar
de hersenvliezen. Bij kinderen is behandeling met zeer intensieve chemothera-
pie en gelijktijdige behandeling gericht op de hersenvliezen effectief gebleken.
Bij volwassen patiënten met Burkitt lymfoom lijken deze ‘kinderschema’s’
weliswaar ook effectief, maar zij hebben vaak meer last van de bijwerkingen van
deze intensieve behandeling dan kinderen.

Hoofdstuk 3.1 Korte intensieve chemotherapie en ASCT bij
volwassenen met Burkitt lymfoom
In dit hoofdstuk worden de resultaten beschreven van het intensieve

HOVON-27 schema met ASCT bij 27 volwassen patiënten met Burkitt lymfoom.
In tegenstelling tot de teleurstellende resultaten van dit behandelschema bij
DLBCL, bleek dit schema bij volwassen patiënten met Burkitt lymfoom buitenge-
woon effectief, met een 5-jaars overleving van 80%. Of bij volwassenen met
Burkitt lymfoom het HOVON-27 schema beter of slechter is dan de eerder
beschreven ‘kinderschema’s’, is zonder vergelijkend onderzoek niet te zeggen.

Hoofdstuk 3.2 Geslacht en leeftijd gerelateerde verschillen bij
Burkitt lymfoom
Bij dit onderzoek werd de vraag gesteld of Burkitt lymfoom bij kinderen wel

dezelfde tumor is als Burkitt lymfoom bij volwassenen. Om deze vraag deels te
beantwoorden werden de epidemiologische gegevens van Burkitt lymfoom bij
volwassenen en kinderen in Nederland geanalyseerd aan de hand van gegevens
van de Nederlandse kankerregistratie. Verschillen in presentatie en karakter-
istieken van goed gecontroleerde Burkitt lymfoom patiënten uit de HOVON-27
studie (volwassenen) werden vervolgens vergeleken met gegevens van kinderen
uit de SNWLK registratie die voldeden aan de dezelfde criteria als volwassen
patiënten die deelnamen aan de HOVON-27 studie. Bij het epidemiologisch
onderzoek werden bij mannen twee leeftijdspieken gevonden waarbij Burkitt
lymfoom relatief vaker optreedt, met een piek op kinderleeftijd en op volwassen
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leeftijd, maar deze dubbele piek was bij vrouwen niet aantoonbaar. Hoewel er
geringe verschillen in presentatie van Burkitt lymfoom werden gevonden tussen
kinderen en volwassenen, geeft het onderzoek vooralsnog geen uitsluitsel op de
vraag of Burkitt lymfoom bij kinderen en volwassenen biologisch verschillende
tumoren zijn.

Hoofdstuk 4 Post-transplantatie lymfoom

Dit lymfoom ontstaat in de context van een verminderde functie van regulerende
T cellen tengevolge van afweeronderdrukkende medicijnen die worden gegeven
aan patiënten met een orgaantransplantatie ter voorkoming van afstoting van
het transplantaat. Veel van deze post transplantatie lymfomen (PTLD) ontstaan
uit B-lymfocyten die zijn geïnfecteerd met het Epstein Barr virus. De meeste,
verder gezonde mensen (80%) worden al op kinderleeftijd geïnfecteerd met dit
virus. Meestal verloopt de infectie symptoomloos, maar bij oudere kinderen en
volwassenen kan de infectie ook symptomen geven (ziekte van Pfeiffer). Het
virus blijft na de primaire infectie vervolgens levenslang in een slapende (latente)
vorm aanwezig in een klein aantal B lymfocyten. Onderdelen van het virus kun-
nen de vermenigvuldiging van deze B-lymfocyt stimuleren, maar dit proces wordt
bij een gezonde afweer onder controle gehouden door remmende T-lymfocyten.
Als deze rem ontbreekt, door afstoting onderdrukkende medicijnen na de trans-
plantatie, kan een PTLD ontstaan. De behandeling bestaat uit het verminderen
of stoppen van de afweeronderdrukkende medicatie en in tweede instantie
tegenwoordig uit het toedienen van antistoffen tegen B-lymfocyten (Rituximab).

Hoofdstuk 4.1 Vroeg ontstane PTLD is geassocieerd met lokalisatie
in het getransplanteerde orgaan.
In dit hoofdstuk onderzochten wij de incidentie, presentatie, patiënten karak-

teristieken en factoren voorspellend voor genezing en overleving bij ontvangers
van een long- of niertransplantatie in het UMCG tussen 1985 en 2002.

PTLD trad op bij 40 patiënten (2,6% van alle transplantaties) en kwam relatief
vaker voor bij longtransplantatie patiënten dan bij niertransplantatie patiënten.
Waarschijnlijk hangt dit samen met de zwaardere afstoting onderdrukkende
medicatie bij de eerste groep.

Algemene conditie en uitgebreidheid van de ziekte waren geassocieerd met
het al dan niet bereiken van een remissie op behandeling. Alleen de algemene
conditie van de patiënt was van wezenlijke invloed op de genezing en overleving. 

De presentatie van PTLD was zeer heterogeen, maar vaak buiten de lymfe-
klieren. Een opvallende bevinding was de presentatie van dit lymfoom in het
getransplanteerde orgaan zelf. Dit werd vooral waargenomen vroeg na trans-
plantatie en roept verdere vragen op over de relatie tussen de micro-omgeving
in het getransplanteerde orgaan, de afstotingreacties en het ontstaan van PTLD.
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Hoofdstuk 4.2 PTLD visualisatie met FDG-PET
In dit hoofdstuk worden de resultaten beschreven van het zichtbaar maken

van vitaal PTLD weefsel met behulp van fluoro-deoxy-glucose positron emissie
tomografie (FDG-PET). Hierbij worden weefsels die veel glucose gebruiken,
onder andere sneldelende tumoren, zichtbaar op een computerfoto na inspuit-
ing van radioactief gemerkt glucose. Deze vorm van afbeelding bleek zeer effec-
tief bij PTLD, vooral voor de afbeelding van tumor lokalisaties buiten de lym-
feklieren. Deze lokalisaties worden niet altijd gevonden bij het routine
röntgenonderzoek, zgn computertomografie (CT scan) dat bij de stadiering van
lymfomen wordt verricht. Evenals dat het geval is bij de andere agressieve lym-
fomen was ook in deze studie het negatief worden van de FDG-PET scan een
goede maat voor het voorspellen van genezing.

Hoofdstuk 5 Recidief lymfoom

Een deel van de jonge patiënten met een recidief agressief NHL kunnen alsnog
genezen door behandeling met intensieve therapie en ASCT, mits de tumor nog
gevoelig is voor chemotherapie. Dit wordt meestal gedefinieerd als een vermin-
dering van minstens de helft van de tumorgrootte op de CT scan na de therapie
voorafgaande aan ASCT. Op deze wijze gemeten is ongeveer de helft van de
patiënten met een recidief nog gevoelig voor chemotherapie en daarvan weer de
helft zal worden genezen met ASCT. Om een betere uitspraak te kunnen doen
welke patiëntengroepen baat kunnen hebben van deze zware behandeling en
voor welke groepen wellicht andere behandelingen geïndiceerd zijn, zochten wij
naar betere voorspellende factoren.

Hoofdstuk 5.1 De voorspellende waarde van de secundaire IPI bij
patiënten met een chemosensitief recidief lymfoom
Bij patiënten met een eerste diagnose agressief lymfoom is de internationale

prognostische index score sterk voorspellend voor genezing en overleving. Wij
onderzochten of de voorspellende waarde van deze prognostische index ook zou
gelden bij 87 patiënten met een recidief lymfoom behandeld met ASCT in het
UMCG. De IPI bij recidief – de secundaire IPI – bleek inderdaad zeer voorspel-
lend te zijn voor het resultaat van de behandeling met ASCT.

Hoofdstuk 5.2 De voorspellende waarde van FDG-PET tijdens
tweedelijns behandeling voor recidief lymfoom op de uitkomst van
ASCT
Response op chemotherapie wordt traditioneel gemeten aan de hand van

tumorafmetingen vastgesteld met behulp van computertomografie (CT-scan).
Na behandeling blijven vaak aanzienlijke restafwijkingen aanwezig op de CT-
scan waarvan niet onmiddellijk duidelijk is of het gaat om resterend vitaal tumor-
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weefsel of littekenweefsel. Dit onderscheid kan bij agressieve lymfomen uit-
stekend worden gemaakt met de eerder beschreven FDG-PET scan. Vitaal
tumorweefsel zal FDG opnemen en op de PET scan zichtbaar worden, avitaal
littekenweefsel niet. 

Wij onderzochten de voorspellende waarde van de FDG-PET scan, gemaakt
tijdens de voorbehandeling met chemotherapie, voor de genezing na ASCT van
recidief NHL en Hodgkin lymfoom. De FDG-PET scan tijdens de behandeling
bleek een veel betere voorspeller te zijn van het resultaat van ASCT dan de CT
scan. Patiënten met een negatieve FDG-PET scan hadden een zeer goede kans
op genezing na ASCT, terwijl de meerderheid van de patiënten met een posi-
tieve PET scan recidiveerde.

De conclusie van beide onderzoeken (hoofdstuk 5.1 en 5.2) is dat zowel
chemotherapie gevoeligheid als de IPI score onafhankelijke voorspellers zijn
van de kans op genezing door ASCT bij recidief agressief lymfoom. Daarbij is
FDG-PET scan een zeer goede functionele methode om response (lees
chemotherapie gevoeligheid) te meten en patiënten te selecteren die een goede
kans maken met ASCT te worden genezen. Anderzijds kan een positieve FDG-
PET scan helpen die patiënten te selecteren voor wie andere behandeling
geïndiceerd is.

Tot slot

De kansen op genezing van patiënten met agressief NHL zijn de afgelopen jaren
aanzienlijk verbeterd. Deze verbetering is niet alleen het gevolg van nieuwe
behandelingsmethoden, maar ook van betere diagnostiek, en het ontdekken van
risico factoren welke voor de uitkomst van de behandeling relevant zijn. Veel
van het in dit proefschrift beschreven onderzoek kwam tot stand door een goede
landelijke samenwerking (HOVON). Het gezamenlijk uitvoeren van klinisch
wetenschappelijk onderzoek in landelijk en internationaal organisatorisch ver-
band blijft voor de beantwoording van belangrijke vragen en verdere vooruit-
gang van de behandeling van deze ziekte onmisbaar.
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Dankwoord

Aan dit proefschrift hebben velen bijgedragen. Een aantal van hen wil ik bij
naam noemen.

Professor dr. J.C. Kluin-Nelemans, beste Hanneke, jouw stimulerende werk als
promotor is van essentieel belang geweest bij het totstandkomen van dit proef-
schrift. Door mij ervan te overtuigen mijn aan papier toevertrouwde gedachten
al in conceptvorm met anderen te delen heb ik van je geleerd hoe inspirerend
het is om samen aan een stuk te werken. Met je altijd snelle en opbouwende
kritiek heb je mij als promovendus vleugels gegeven. Ik ervaar het als een
voorrecht om onder jouw leiding als hematoloog en mede-‘lymfoom maniak’ in
het UMCG werkzaam te zijn en hoop nog lang op deze vruchtbare wijze met je
te mogen samenwerken.

Dr. L.F. Verdonck, beste Leo, wij waren samen afwisselend als eerste coördi-
nator verantwoordelijk voor de HOVON-studies beschreven in dit proefschrift
en brachten vele vergaderingen en congressen tot een goed einde. Ik dank je
vooral voor je permanente, loyale en stimulerende inzet bij de totstandkoming
en uitvoering van ons onderzoek. Ik hoop dat onze goede samenwerking zijn
vruchten zal blijven afwerpen in de HOVON-lymfoomwerkgroep. 

Drs. B. van der Holt, beste Ronnie, zonder gedegen statistiek vaart geen onder-
zoek wel. Jij was de methodologische spil van onze gezamenlijke prospectieve
studies en als statisticus verantwoordelijk voor de analyse van het HOVON-27-
en -40-materiaal. Je terecht strenge eisen aan de cijfermatige onderbouwing
van onze conclusies heeft een grote bijdrage geleverd aan de kwaliteit van het
onderzoek. 

Drs. E.G. Boerma, beste Evert-Jan, jij speelde een belangrijke rol bij de organi-
satie van de pathologie herbeoordeling van de HOVON-27 en -40-studies. Je
was medeontwerper van de studie naar epidemiologische aspecten van het
Burkitt-lymfoom en voerde die ook uit. Daarnaast was je medeverantwoorde-
lijk voor het ontwerp en vooral de uitvoering in het laboratorium van de biolo-
gische studie naar de klinische relevantie van eiwitexpressie en breukpunten
bij diffuus grootcellig B-cel lymfoom. Ik verheug mij op onze verdere samen-
werking bij jouw verdere onderzoek op het grensvlak van Burkitt-lymfoom en
diffuus grootcellig B-cel lymfoom. 
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Drs. N.A. Bakker, beste Klaas, je enthousiasme en voortvarende aanpak bij
alles wat op je weg komt, werkt zeer inspirerend. Met veel genoegen heb ik me
samen met jou verdiept in het posttransplantatielymfoom. Het doet me dan
ook plezier dat je het niet laat bij een MD/Phd-project, maar dat je – zoals het
er nu naar uit ziet – voor de interne geneeskunde zult kunnen worden behou-
den.

Professor dr. P.M. Kluin, beste Philip, zonder hematopatholoog is onderzoek
bij maligne lymfomen onmogelijk. Jij was eindverantwoordelijk voor de revisie
van het biopsiemateriaal en bij het onderzoek naar biologische prognostische
factoren. Maar veel meer nog was je steeds een stimulerende medeonderzoe-
ker en mentor: nu eens hypothesegenererend, dan weer een avond doorhalend
achter de microscoop om coupes te reviseren of resultaten van aanvullend
onderzoek met ons te bekijken. Ik hoop nog vele jaren met je te mogen samen-
werken en te genieten van je kennis.

Medeauteurs en HOVON-collega’s, in het bijzonder zij die de afgelopen jaren
actief participeerden in de lymfoomwerkgroep, door uw goede samenwerking
kwam een groot deel van het in dit proefschrift vermelde onderzoek tot stand.
Ik dank u allen voor uw bijdragen en hoop dat wij ook in de toekomst in
HOVON-verband gezamenlijk wetenschappelijk onderzoek zullen kunnen
blijven doen.

Hematoloog wordt je niet zonder gedegen opleiding. Professor dr. E Mandema
en professor J. Scholten dank ik voor het voorrecht mijn opleiding interne
geneeskunde te hebben mogen ontvangen onder hun vleugels. Professor dr.
H.O. Nieweg en professor dr. M.R. Halie leerden mij het vak van hematoloog.
Dit proefschrift moge mede een proeve zijn van hetgeen ik van hen heb
geleerd.

Mijn vader en moeder hebben er nooit aan getwijfeld dat ik een proefschrift
zou schrijven. Zoals gewoonlijk hebben ze ook daarin gelijk gekregen.

Gustaaf
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Curriculum vitae

Gustaaf van Imhoff (Groningen, 19-02-1951) is getrouwd en heeft twee kinderen.
Hij deed in 1969 eindexamen gymnasium-B te Helmond en behaalde zijn
artsexamen aan de Rijksuniversiteit Groningen in 1975. In 1980 voltooide hij
zijn opleiding tot internist in het Academisch ziekenhuis te Groningen (thans
UMCG) onder leiding van professor dr. E. Mandema.

Sinds 1980 is hij verbonden aan de onderafdeling hematologie van het
UMCG waar hij, na een tweejarige periode als hoofd van het stollings-
laboratorium, de opleiding tot hematoloog afrondde onder leiding van profes-
sor dr. H.O. Nieweg. Hij is thans staflid van de betreffende onderafdeling. Hij
bekleedde verschillende nevenfuncties, waaronder lidmaatschap van de
medisch ethische commissie van het UMCG. In 1986 was hij mede oprichter
van de stichting Hemato-Oncologie voor Volwassenen Nederland (HOVON) 
en vervolgens bestuurslid secretaris. Op dit moment is hij voorzitter van de
lymfoomwerkgroep van deze stichting. 

Zijn belangstelling betreft vooral het maligne lymfoom. Hij is (mede)
auteur van meerdere publicaties met betrekking tot dit onderwerp. Hiervoor
wordt verwezen naar het internetadres: www.ncbi.nlm.nih.gov/entrez 
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