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To evaluate outcome and prognosis of
patients with T-cell lymphoma we ana-
lyzed 343 patients treated within trials
of the German High-Grade Non-Hodgkin
Lymphoma Study Group (DSHNHL). Two
hundred eighty-nine patients belonged
to 1 of the 4 major T-cell lymphoma
subtypes: anaplastic large cell lym-
phoma (ALCL), anaplastic large cell lym-
phoma kinase (ALK)–positive (n � 78);
ALCL, ALK-negative (n � 113); periph-
eral T-cell lymphoma, unspecified
(PTCLU; n � 70); and angioimmunoblas-

tic T-cell lymphoma (AITL; n � 28). Treat-
ment consisted of 6-8 courses of CHOP
(cyclophosphamide, doxorubicin, vin-
cristine, prednisone/prednisolone) or
etoposide plus (CHOEP). Three-year
event-free survival (EFS) and overall
survival were 75.8% and 89.8% (ALK-
positive ALCL), 50.0% and 67.5% (AITL),
45.7% and 62.1% (ALK-negative ALCL),
and 41.1% and 53.9% (PTCLU), respec-
tively. The International Prognostic In-
dex (IPI) was effective in defining risk
groups with significantly different out-

comes. For patients, < 60 years with
lactate dehydrogenase < upper normal
value (UNV), etoposide improved im-
proved 3-year EFS: 75.4% versus 51.0%,
P � .003. In patients > 60 years 6 courses
of CHOP administered every 3 weeks
remains the standard therapy. Patients
with ALK-negative ALCL, PTCLU, or AITL
presenting with IPI > 1 have a poor prog-
nosis and should be considered candi-
dates for novel treatment strategies.
(Blood. 2010;116(18):3418-3425)

Introduction

Mature T-cell and natural killer (NK)–cell lymphomas are rare
and heterogeneous diseases following an aggressive clinical
course which necessitates immediate therapy. Outcome is
generally believed poor although only 1 recent study1 comprises
all major T-cell lymphoma subtypes according to the World
Health Organization classification2,3 with spin-off studies report-
ing on clinical outcome and prognostic factors of various
subtypes.4-6

In contrast to the progress made in the treatment of aggres-
sive B-cell lymphoma,7-9 evidence for similar therapeutic im-
provements in T- and NK-cell lymphoma is largely absent.
Therefore, we analyzed a large cohort of patients with T-cell
lymphoma who have been treated on protocols of the German
High-Grade Non-Hodgkin Lymphoma Study Group (Deutsche
Studiengruppe Hochmaligne Non-Hodgkin Lymphome
[DSHNHL]). We were particularly interested in the long-term
results achieved with “standard” CHOP (cyclophosphamide,
hydroxydaunorubicin (doxorubicin), Oncovin (vincristine), and
prednisone/prednisolone) and CHOP-like therapy and wanted to
define prognostic factors which should influence the decision
which patients should be treated on standard or experimental
protocols in the future.

Methods
Patients

Between October 1993 and May 2007, 343 patients with mature nodal or
extranodal T-cell or NK-cell lymphoma2 were treated on protocols of
the DSHNHL. Mandatory reference pathology was performed in 1 of the
6 German Reference Centers for Malignant Lymphomas (Berlin, Frankfurt,
Kiel, Lübeck, Ulm, and Würzburg) prior to therapy. Of 343 patients,
320 could be assigned to 1 of the following subtypes: anaplastic large cell
lymphoma (ALCL), anaplastic large cell lymphoma kinase-positive (ALK-
positive); ALCL, ALK-negative; peripheral T-cell lymphoma unspecified
(PTCLU); angioimmunoblastic T-cell lymphoma (AITL); NK/T-cell lym-
phoma; lymphoblastic lymphoma; enteropathy-type T-cell lymphoma;
hepatosplenic �� T-cell lymphoma; or subcutaneous panniculitis-like T-cell
lymphoma. In a subset of ALCL cases the ALK status had not been
determined at the time of diagnosis, because antibodies were not available
at that time. In these cases, the ALK status was defined retrospectively using
the ALK1 antibody from DAKO (dilution 1:80, citrate buffer pH 6.0). The
definition of ALK1-negative ALCL followed the current World Health
Organization classification and required characteristic large cell morphol-
ogy (indistinguishable from ALK-positive ALCL), strong and consistent
expression of CD30 and negativity for ALK1. Moreover, most cases had
expression of at least 1 cytotoxic molecule (Perforin, Granzyme B, or TIA).
Twenty-three patients were excluded from the analysis because the ALK

Submitted February 22, 2010; accepted June 23, 2010. Prepublished online as
Blood First Edition paper, July 21, 2010; DOI 10.1182/blood-2010-02-270785.

The online version of this article contains a data supplement.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 USC section 1734.

© 2010 by The American Society of Hematology

3418 BLOOD, 4 NOVEMBER 2010 � VOLUME 116, NUMBER 18

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/116/18/3418/1331543/zh804410003418.pdf by guest on 19 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2010-02-270785&domain=pdf&date_stamp=2010-11-04


status of some ALCL patients remained unknown (n � 11) or the T-cell
lymphoma subtype could not be confirmed for technical (n � 3) or other
reasons (n � 9).

All patients had thorough baseline and follow-up assessments (history,
clinical evaluation, laboratory tests, chest and abdominal CT scans, and
bone marrow biopsies) as required by the respective study protocol.
Patients were requested to visit the study site every 3 months for the first
2 years, every 6 months in the years 3 to 5, and annually thereafter. Case
report forms of each patient allowed for a detailed analysis of protocol
adherence. All studies were undertaken in accordance with the Helsinki
declaration, study protocols were approved by the ethics committee of each
participating institution and each patient gave informed consent.

Treatment

All patients included in this analysis were treated on prospective phase II or
phase III protocols of the DSHNHL. Eighty-three patients were treated on
the NHL-B1 trial,10 39 patients on the NHL-B2 trial,11 12 patients on the
Hi-CHOEP (cyclophosphamide, hydroxydaunorubicin (doxorubicin), Onco-
vin (vincristine), etoposide, and prednisone/prednisolone) phase II trial,12

59 patients on the Hi-CHOEP phase III trial,13 32 patients on the
MegaCHOEP phase II trial,14,15 38 patients on the MegaCHOEP phase III
trial,9,16 and 57 patients on the RICOVER-60 trial.8

For patients with T-cell lymphoma, all of the phase III trials compared
the standard CHOP regimen17 to 6 or 8 courses of CHOP given every
2 weeks (CHOP-14) or to CHOP plus etoposide (CHOEP-14 or -21), or
compared CHOEP to a dose-escalated (Hi-CHOEP), or a mega-dose
(MegaCHOEP) variant, the latter one necessitating repeated transplantation
of hematopoietic stem cells. The phase II studies were dose-finding studies
using escalating doses of cyclophosphamide, doxorubicin, and etoposide
compared with standard CHOP plus etoposide protocols. Radiotherapy to
sites of bulky disease (� 7.5 cm) and to extranodal disease was part of
all protocols except for the MegaCHOEP phase II trial where radiotherapy
was optional.

For further details, see the respective publications in references
8 through 168-16; details of patient allocation are given in supplemental
Table 1 (available on the Blood Web site; see the Supplemental Materials
link at the top of the online article).

Statistical analysis

Event-free survival (EFS) defined as time from randomization or start of
therapy to disease progression, start of salvage therapy, further (unplanned)
treatment (excluding first-line chemo- and radiotherapy), relapse, or death
from any cause, and overall survival (OS) defined as time from randomiza-
tion or start of therapy to death from any cause, were analyzed by the
Kaplan-Meier method. Estimators at 3 years for these endpoints are given
with 95% confidence interval (CI) limits.

The standard International Prognostic Index (IPI) was used to classify
patients as belonging to the low (IPI 0, 1), low-intermediate (IPI 2),
high-intermediate (IPI 3), or high risk (IPI 4, 5) groups.18 Univariate
analyses to test the IPI score and treatment effects were conducted using the
log-rank test. For multivariate analyses, Cox proportional hazard models
including single IPI factors or histologic subtypes adjusted for the IPI
factors, respectively, were calculated. Relative risks with 95% confidence
intervals and the respective P values are presented.

To test whether there were significant differences between histologic
subtypes and patient characteristics we used the Kruskall-Wallis test for age
and �2 tests, or if necessary Fisher exact tests for the other items. For these
comparisons, the Bonferroni correction for multiple comparisons (0.05/10)
was used.

All other tests for significance were 2-sided at the 5% significance level.
Statistical analyses were done with SPSS Version 15.0.

Results

Of 320 patients, 78 (24.4%) suffered from ALK-positive ALCL,
113 patients (35.3%) had ALK-negative ALCL, 70 patients (21.9%)
had PTCLU, 28 patients (8.8%) had AITL, 19 patients (5.9%) had
NK/T-cell lymphoma, 7 patients (2.2%) had lymphoblastic lym-
phoma, 2 patients each (0.6%) had enteropathy-type T-cell lym-
phoma or hepatosplenic �� T-cell lymphoma, and 1 patient had
subcutaneous panniculitis-like T-cell lymphoma.2

Because the low patient numbers in other disease categories
precluded meaningful statistical analyses we focused on the
4 major subtypes of T-cell lymphomas: 289 patients with ALK-
positive ALCL, ALK-negative ALCL, PTCLU, or AITL, which
comprised 90.3% of all 320 patients. The most important clinical
characteristics of these and the other remaining patients are given
in Table 1. We found a male preponderance for all major
subentities; the median age varied between 37 and 64 years with
the ALK-positive ALCL patients representing the youngest group
of patients. After adjustment for multiple comparisons we found
significant differences between the major subgroups with regard to
age (P � .001), lactate dehydrogenase (LDH; P � .001), stage
(P � .004), IPI-score (P � .005) and B-symptoms (P � .003).
Approximately 70% of patients with AITL presented with an
elevated LDH while this was less frequent in PTCLU and ALCL
patients, both ALK-positive or -negative. Except for the AITL
patients who presented with advanced stage (III or IV) in more than

Table 1. Clinical characteristics of all patients and patients from major subtypes

All (n � 320) ALK� (n � 78) ALK� (n � 113) PTCLU (n � 70) AITL (n � 28) Other (n � 31)

Sex

Male 197 (61.6%) 44 (56.4%) 69 (61.1%) 49 (70.0%) 15 (53.6%) 20 (64.5%)

Female 123 (38.4%) 34 (43.6%) 44 (38.9%) 21 (30.0%) 13 (46.4%) 11 (35.5%)

Median age, y (range) 50 (18, 78) 37 (18, 74) 50 (18, 77) 54 (20, 78) 64 (22, 77) 49 (18, 75)

Age � 60 y 96 (30.0%) 11 (14.1%) 39 (34.5%) 25 (35.7%) 15 (53.6%) 6 (19.4%)

LDH � UNV 121 (37.8%) 21 (26.9%) 41 (36.3%) 31 (44.3%) 19 (67.9%) 9 (29.0%)

ECOG � 1 53 (16.6%) 11 (14.1%) 16 (14.2%) 12 (17.1%) 8 (28.6%) 6 (19.4%)

Stage III, IV 163 (50.9%) 41 (52.6%) 49 (43.4%) 37 (52.9%) 23 (82.1%) 13 (41.9%)

More than 1 extranodal site 61 (19.1%) 16 (20.5%) 16 (14.2%) 18 (25.7%) 3 (10.7%) 8 (25.8%)

IPI

0, 1 163 (50.9%) 45 (57.7%) 64 (56.6%) 32 (45.7%) 6 (21.4%) 16 (51.6%)

2 80 (25.0%) 21 (26.9%) 27 (23.9%) 16 (22.9%) 8 (28.6%) 8 (25.8%)

3 48 (15.0%) 10 (12.8%) 14 (12.4%) 12 (17.1%) 7 (25.0%) 5 (16.1%)

4, 5 29 (9.1%) 2 (2.6%) 8 (7.1%) 10 (14.3%) 7 (25.0%) 2 (6.5%)

B symptoms 139 (43.4%) 42 (53.8%) 39 (34.5%) 28 (40.0%) 19 (67.9%) 11 (35.5%)

Bulky disease 82 (25.6%) 23 (29.5%) 35 (31.0%) 12 (17.1%) 2 (7.1%) 10 (32.3%)
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80% of cases, between 43% and 53% of patients belonging to the
other subgroups presented with stage III/IV disease.

Extranodal disease was common in all subtypes (41%-56%), all
localizations are given in supplemental Table 2. Highly significant
(P � .001) differences were seen for involvement of soft tissues
(21% in ALK-positive ALCL, 8% in ALK-negative ALCL, 0%-1%
in other subtypes) and bone marrow (0% in ALK-positive ALCL,
4% in ALK-negative ALCL, 11% in PTCLU, 27% in AITL, and
13% in other subtypes) when the 4 major subgroups were
compared. Although formally significant, the differences found in
the frequencies of involvement of the main nasal cavity and adrenal
glands should be taken with great caution because only few patients
mainly from rare subtypes made the difference. B-symptoms were
most frequent in AITL patients and bulky disease was seen more
often in ALCL, either ALK-positive or -negative, than in other
subtypes, but this was not significant after adjustment for multiple
comparisons. More than half of all patients with ALCL
(ALK-positive or -negative) and 46% of PTCLU but only 21% of
AITL patients belonged to the IPI low-risk group.

Treatment outcome

With a median follow-up of 43.8 months for the whole group, the
3-year EFS and OS for patients in the 4 major subtypes were

as follows: 75.8% (95% CI 65.8%-85.8%) and 89.8% (95% CI
82.5%-97.1%) for ALK-positive ALCL; 50.0% (95% CI
31.6%-68.4%) and 67.5% (95% CI 50.1%-84.9%) for AITL;
45.7% (95% CI 36.3%-55.1%) and 62.1% (95% CI 52.9%-71.3%)
for ALK-negative ALCL; 41.1% (95% CI 29.5%-52.7%) and
53.9% (95% CI 41.7%-66.1%) for PTCLU. EFS and OS for the
major subgroups and all remaining patients are shown graphically
in Figure 1.

For patients with NK-/T-cell lymphoma, 3-year EFS was
36.1% (95% CI 14.1%-58.1%) and 3-year OS was 46.3% (95% CI
23.4%-69.2%).

Two patients with enteropathy-type T-cell lymphoma died with
progressive disease 1 and 8 months after diagnosis; and 2 patients
with hepatosplenic �� T-cell lymphoma died with progressive
disease 7 and 10 months after diagnosis. The patient with subcuta-
neous panniculitis was in CR 38 months after diagnosis.

The EFS and OS of 78 patients with ALK-positive ALCL was
significantly better (P � .001 for both endpoints) than for patients
with any of the other diagnoses in univariate and multivariate
analysis adjusted for IPI factors. No significant differences in EFS
or OS were seen between the other major subtypes (ALK-negative
ALCL, PTCLU, and AITL) in univariate analysis. Using a Cox
model adjusting for IPI factors we did not find a significant
difference in EFS or OS for patients with PTCLU compared with
patients with ALK-negative ALCL but patients with AITL did
significantly better than patients with ALK-negative ALCL (rela-
tive risk 0.6, P � .046 for EFS; relative risk 0.5, P � .037 for OS;
see Table 2).

Treatment results were achieved with 6 to 8 courses of the
CHOP or CHOEP regimen at conventional doses except for the
patients on phase II studies who received the same drugs but with
escalated doses of cyclophosphamide, etoposide, and to a lesser
extent also of doxorubicin. This gave us the opportunity to compare
treatment results obtained with variations of the CHOP regimen.

In younger patients with normal LDH the addition of etoposide
to CHOP-21 or CHOP-14 significantly improved 3-year EFS
(75.4% [95% CI 62.1%-88.7%] vs 51.0% [95% CI 35.7%-66.3%],
P � .003, see Figure 2A). OS was not significantly affected
(P � .176).10 This finding was further substantiated when all
younger patients from the NHL-B1 and Hi-CHOEP phase II/III
trials with normal LDH (n � 144) given CHOP plus etoposide at
various doses (n � 103) were compared with patients (n � 41)
receiving CHOP only (3-year EFS 70.5%, 95% CI 61.3%-79.7%)
after CHOEP and 51.0% (95% CI 35.7%-66.3%) after CHOP
(P � .004, see Figure 2B). OS at 3 years did not significantly
differ with etoposide (81.3% [95% CI 73.5%-89.1%]) or without
(75.2% [95% CI 61.9%-88.5%]; P � .285). The positive effect
of etoposide on EFS was confirmed when only patients with
ALK-positive ALCL were considered [3-year EFS 91.2% (95% CI
81.6%-100.0%) versus 57.1% (95% CI 28.5%-85.7%), P � .012];
the comparison showed a trend in the same direction when the
other subentities were taken together (3-year EFS 60.7% [95% CI

Figure 1. Event-free survival and overall survival of 320 patients with T-cell
lymphoma according to histologic subtype.

Table 2. Event-free and overall survival of 242 patients with T-cell lymphoma (patients with ALK-positive ALCL are excluded); Cox model
adjusted for IPI factors showing the relative risk for failure relating to histological subtypes

EFS OS

RR 95% CI P RR 95% CI P

PTCLU vs ALK-negative ALCL 1.1 (0.7;1.6) .720 1.1 (0.7;1.7) .768

AITL vs ALK-negative ALCL 0.6 (0.3;1.0) .046 0.5 (0.2;1.0) .037

Other* vs ALK-negative ALCL 1.7 (1.0;2.7) .038 2.0 (1.2;3.5) .009

*Patients not belonging to the 4 major T-NHL subtypes
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48.7%-72.7%] vs 48.3% [95% CI 30.1%-66.5%], P � .057; see
Figure 2C-D).

Neither shortening of the time interval from 3 to 2 weeks
(CHOP-21 vs CHOP-14), administration of 8 instead of 6 courses
of CHOP-14, or the addition of etoposide (CHOEP) significantly
improved EFS and OS in elderly patients. Although the low patient
numbers for some comparisons would call for further evaluation in
larger cohorts of patients, for the time being CHOP-21 remains
standard of care for older patients with T-cell lymphoma.

Notably, all attempts to improve treatment results for younger
patients by escalating standard doses of cyclophosphamide, doxo-
rubicin, etoposide, and prednisone failed. This extends findings
from the High/CHOEP phase III trial.13 On the contrary, and similar
to our recent observations in B-cell lymphoma9 younger patients
with T-cell lymphoma and age-adjusted IPI 2 or 3 treated on the
MegaCHOEP program did worse than those given 8 courses of
standard CHOEP-14 (Figure 3). The 3-year EFS was 57.9% (95%
CI 35.8%-80.0%) for patients treated with CHOEP-14 compared
with 31.6% (95% CI 10.6%-52.6%; P � .065) for patients treated
with MegaCHOEP. OS did not significantly differ (P � .245).

Prognostic factors

The EFS and OS of all 320 patients by IPI is shown in Figure
4. Using the Cox model, only age and LDH significantly influenced

OS, all IPI factors except for stage were significant for EFS (Table
3). The relatively low number of patients with AITL and the
scarcity of patients with ALK-positive ALCL and IPI � 2 (n � 12)
precluded a meaningful analysis of the role of IPI in these

Figure 2. Event-free survival of younger patients (18-60 years, LDH < UNV). Panel A refers to patients treated on the NHL-B1 trial. Panel B refer to patients treated on the
NHL-B1 or Hi-CHOEP phase II/III trials. Patients who did or did not receive etoposide plus CHOP (CHOEP) are compared. Panels C and D show the EFS for patients with
ALCL, ALK-positive (C), and with other major subtypes (D).

Figure 3. Event-free survival of younger high-risk patients (18-60 years, aaIPI
2,3) treated on the MegaCHOEP phase III trial comparing conventional
(8 � CHOEP-14) with repetitive high-dose therapy
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individual subgroups. Figure 5 and Figure 6 show the
EFS and OS of patients with ALK-negative ALCL and PTCLU
according to IPI and confirm its validity in these subgroups. The
3-year EFS or OS for all patients excluding ALK-positive
ALCL was as follows: IPI low (58.2% [95% CI 49.0%-67.4%] and
73.1% [95% CI 64.7%-81.5%]); IPI low-intermediate (33.8%

[95% CI 21.6%-46.0%] and 53.0% [95% CI 39.9%-66.1%]);
IPI high-intermediate (31.6% [95% CI 16.9%-46.3%] and
39.2% [95% CI 22.9%-55.5%]); and IPI high (11.1% [95% CI
0.0%-22.9%] and 22.2% [95% CI 6.5%-37.9%]). The results
obtained with the Cox model (Table 3) for these patients were
very similar to those for the whole patient group including the

Figure 4. Event-free survival and overall survival of 320 patients with T-cell
lymphoma according to the IPI.

Figure 5. Event-free survival and overall survival of 113 patients with ALK-
negative ALCL according to the IPI.

Table 3. Event-free and overall survival for all patients (n � 320) and patients without ALK-positive ALCL (n � 242) according to IPI factors
(Cox modeling)

EFS OS

RR 95% CI P RR 95% CI P

All

Age � 60 y 1.8 (1.3;2.5) � .001 2.2 (1.5;3.2) � .001

LDH � UNV 1.6 (1.1;2.3) .008 2.1 (1.4;3.1) .001

ECOG � 1 1.6 (1.1;2.4) .018 1.5 (0.9;2.3) .098

Stage III/IV 1.1 (0.8;1.6) .488 1.2 (0.8;1.8) .407

Extranodal disease

� 1 1.6 (1.1;2.4) .011 1.1 (0.7;1.7) .736

Without ALK�

Age � 60 y 1.5 (1.1;2.2) .016 1.7 (1.2;2.5) .007

LDH � UNV 1.5 (1.0;2.2) .041 1.8 (1.2;2.8) .008

ECOG � 1 1.6 (1.0;2.4) .040 1.5 (1.0;2.4) .076

Stage III/IV 1.3 (0.9;1.9) .206 1.3 (0.8;2.1) .218

Extranodal disease

� 1 1.7 (1.1;2.5) .010 1.1 (0.7;1.8) 0

ECOG indicates Eastern Cooperative Oncology Group.
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ALK-positive ALCL patients. Notably, not only patients with
ALK-positive ALCL but also patients from the other subtypes had
a relatively good prognosis if the IPI was 0 or 1. The patients from
all subtypes other than ALK-positive ALCL showed a poor
prognosis (3-year EFS � 34%) if the IPI was � 2.

Discussion

There are few reports on the clinical outcome of large numbers of
patients with T- or NK-cell lymphoma.1,19-24 The numbers become
even smaller if studies are excluded which no longer reflect modern
histopathologic classification and more important, do not consider
key genetic features which significantly influence prognosis. For
example, older series could not take into account the ALK-status
which is significantly associated with the prognosis of ALCL
patients in all recent studies.25 The remaining studies (including the
International Peripheral T-Cell Lymphoma Project1) report surpris-
ingly low numbers of patients even with some of the more frequent
T-cell subtypes and the relative frequencies of patients with any of
the major subtypes vary substantially. If these differences reflect
the different geographic origin of patients, changes in diagnostic
criteria over time, selection bias, or other unknown reasons remains
elusive. In nearly all previous reports treatment was heterogeneous
comprising a plethora of drugs and modalities from steroids to
transplantation. Some of the recent publications were restricted to

1 or 2 T-cell lymphoma subtypes4,5,26-29 but in many instances
focused on new pathologic, cytogenetic, or molecular findings,
while treatment and prognostic factors were not analyzed in detail.
By far the largest study1 reported recently came from 22 referral
pathologic institutions worldwide and specifically addressed his-
topathologic findings and their reproducibility although clinical
data, prognostic factors, and treatment outcomes are also described
to some extent.

In this analysis we report on patients with 1 of the 4 major
subtypes of T-cell lymphoma (ALK-positive ALCL, ALK-negative
ALCL, AITL, and PTCLU) who all received treatment with CHOP
or CHOP plus etoposide in prospective studies of the DSHNHL.
This gave us the unique opportunity to analyze outcome of
significant numbers of patients with World Health Organization-
classified T-cell lymphoma under “standard” therapy and describe
differences in EFS and OS dependent on variations of therapy and
prognostic factors.

EFS and OS were good for patients with ALK-positive ALCL.
Results were especially promising in our patients because 85% of
them showed a low to low-intermediate IPI. For the other subtypes,
prognosis significantly differed by IPI. Patients with IPI 0 and
1 showed 3-year EFS above 50%. Almost half of our patients with
T-cell lymphoma excluding ALK-positive ALCL belonged to this
low risk group (IPI 0,1) and their relatively favorable outcome
should be kept in mind when selecting patients for new experimen-
tal strategies. In contrast, patients with IPI � 2 showed a 3-year
EFS below 34% and certainly are candidates for novel treatment
approaches including autologous or allogeneic transplantation if
age and performance status permit.30,31

We did not find a significant difference in EFS or OS between
patients with ALK-negative ALCL, PTCLU, and AITL with
1 exception: the AITL patients did better than patients with
ALK-negative ALCL. This finding should be taken with caution,
however, because the number of patients with AITL included in
DSHNHL studies was small. We cannot confirm that patients with
ALK-negative ALCL do better than patients with PTCLU although
the numbers of patients with these subtypes were comparable to
those analyzed by Savage et al4 We hypothesize that different
treatment strategies for patients from both studies contributed to
these differences.

For younger patients, the addition of etoposide to CHOP
improved response rates. The difference in EFS for younger
patients and ALK-positive ALCL treated with CHOP or CHOEP
within the DSHNHL trials is dramatic (3-year EFS for CHOEP
patients 91.2% vs. 57.1% for patients treated with CHOP, P � .012),
a statistically not significant difference was seen in the remaining
patients when ALK-positive ALCL was excluded (3-year EFS for
CHOEP patients 60.7% vs. 48.3% for patients treated with CHOP,
P � .057). This represents an important finding because more
T-cell lymphoma patients may be able to make it to autologous or
allogeneic transplantation after CHOEP32 while both transplant
modalities are actively pursued by many institutions to improve
prognosis of T-cell lymphoma. Several other studies included
etoposide in various chemotherapy regimens for T-cell lym-
phoma33,34 with promising results. A new study by the DSHNHL,
Groupe d’Etudes des Lymphomes de l’Adulte, and Groupe Ouest
Est d’Etude des Leucémies et Autres Maladies du Sang will use
4 courses of CHOEP-14 before patients receive DHAP (dexameth-
asone, cytarabine, and cisplatin) and autologous stem cell transplan-
tation or allogeneic transplantation.

Interestingly, no treatment was significantly better than
6 courses of CHOP given every 3 weeks in patients older than

Figure 6. Event-free survival and overall survival of 70 patients with PTCLU
according to the IPI.
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60 years. Although patient numbers for some comparisons were
small and confirmation is desirable, for the time being, 6 courses of
CHOP-21 should remain the standard therapy for elderly patients
with T-cell lymphoma. Convincing evidence that chemotherapy
regimens other than CHOEP,33,35 antibodies36,37 or new drugs38

improve outcome of noncutaneous T-cell lymphoma is scarce.
Unexpectedly, this study and another report from our group16

suggest that dose escalation of cyclophosphamide, doxorubicin,
and etoposide administered with the CHOEP regimen up to doses
necessitating autologous stem cell transplantation is unable to
further improve treatment results. Similar findings were reported
from the MD Anderson Cancer Center23 where investigators
showed that more intense chemotherapy regimens like Hyper-
CVAD (cyclophosphamide, vincristine, doxorubicin, and dexameth-
asone) failed to improve survival of patients with T-cell lymphoma
compared with CHOP. On the contrary, the MegaCHOEP trial
showed better EFS and OS for patients treated with 8 courses of
standard-dose CHOEP (Figure 3). This finding calls into question
whether HDT/autologous stem cell transplantation will really be
able to improve outcome for younger patients with T-cell lym-
phoma. Results of randomized trials investigating this question are
eagerly awaited.

In conclusion, we demonstrate that results of standard therapy
with CHOP and particularly with CHOEP for patients with
ALK-positive ALCL are excellent. Moreover, also patients with
ALK-negative ALCL, PTCLU, or AITL do relatively well if the IPI
is low (� 1). If ALK-positive ALCL is excluded, patients with IPI
� 2 show poor EFS and OS and new strategies to improve outcome
for these patients are definitely needed. Although the difference in
EFS between CHOP and CHOEP was not significant (P � .057)
we suggest to administer CHOP plus etoposide to younger patients
with T-cell lymphoma as first-line therapy because this may help to
decrease the number of patients with early progression or relapse

and bring more patients to transplantation. For patients beyond
60 years of age, 6 courses of CHOP-21 should remain the standard
for first-line therapy, unless randomized studies demonstrate better
outcomes with novel treatment modalities.
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12. Trümper L, Zwick C, Ziepert M, et al. German
High-Grade Non-Hodgkin’s Lymphoma Study
Group (DSHNHL). Dose-escalated CHOEP for
the treatment of young patients with aggressive
non-Hodgkin’s lymphoma: I. A randomized dose
escalation and feasibility study with bi- and

tri-weekly regimens. Ann Oncol. 2008;19(3):
538-544.

13. Pfreundschuh M, Zwick C, Zeynalova S, et al.
German High-Grade Non-Hodgkin’s Lymphoma
Study Group (DSHNHL). Dose-escalated
CHOEP for the treatment of young patients with
aggressive non-Hodgkin’s lymphoma: II. Results
of the randomized high-CHOEP trial of the Ger-
man High-Grade Non-Hodgkin’s Lymphoma
Study Group (DSHNHL). Ann Oncol. 2008;19(3):
545-552.

14. Glass B, Kloess M, Bentz M, et al. for the German
High-Grade Non-Hodgkin’s Lymphoma Study
Group (DSHNHL). Dose-escalated CHOP plus
etoposide (MegaCHOEP) followed by repeated
stem cell transplantation for primary treatment of
aggressive high-risk Non-Hodgkin’s Lymphoma
(aNHL). Blood. 2006;107(8):3058-3064.

15. Schmitz N, Kloess M, Reiser M, et al. Four versus
six courses of a dose-escalated cyclophospha-
mide, doxorubicin, vincristine, and prednisone
(CHOP) regimen plus etoposide (megaCHOEP)
and autologous stem cell transplantation: early
dose intensity is crucial in treating younger pa-
tients with poor prognosis aggressive lymphoma.
Cancer. 2006;106(1):136-145.

16. Nickelsen M, Ziepert M, Zeynalova S, et al.
High-dose CHOP plus etoposide (MegaCHOEP)
in T-cell lymphoma: a comparative analysis of
patients treated within trials of the German
High-Grade Non-Hodgkin Lymphoma Study
Group (DSHNHL). Ann Oncol. 2009;20(12):
1977-1984.

17. McKelvey EM, Gottlieb JA, Wilson HE, et al.
Hydroxyldaunomycin (Adriamycin) combination

3424 SCHMITZ et al BLOOD, 4 NOVEMBER 2010 � VOLUME 116, NUMBER 18

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/116/18/3418/1331543/zh804410003418.pdf by guest on 19 M

ay 2024



chemotherapy in malignant lymphoma. Cancer.
1976;38(4):1484-1493.

18. The International Non-Hodgkin’s Lymphoma
Prognostic Factors Project. A predictive model for
aggressive non-Hodgkin’s lymphoma. N Engl
J Med. 1993;329(14):987-994.

19. Gisselbrecht C, Gaulard P, Lepage E, et al. Prog-
nostic significance of T-cell phenotype in aggres-
sive non-Hodgkin’s lymphomas. Groupe d’Etudes
des Lymphomes de l’Adulte (GELA). Blood. 1998;
92(1):76-82.
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