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Abstract Primary mediastinal large B cell lymphomas
(MLCL) differ from other diffuse large cell lymphomas,
leading to a description as a separate entity in the current
World Health Organization classification. Dose intensification
improves long-term results, but no standard therapy has been
established so far. We investigated the use of a high-dose
methotrexate-based alternating chemotherapy regimen (B-
ALL protocol of the German ALL study group) followed by
consolidative mediastinal radiotherapy first as a single-center
trial, then later as a prospective multicenter trial in 44 patients
with a median age of 33 years. Response rates exceeded 90%
with an overall survival rate of 80% in the single-center group
(8.6 years median follow-up) and 82% in the multicenter
group (2.5 years follow-up).Short-term toxicity was manage-

able, but required hospitalization: the rates of grade 3 or 4
toxicity were 20% (for mucositis), 42% (for neutropenia),
29% (for thrombocytopenia), and 9% (for neutropenic fever).
No relapse occurred more than 2 years after diagnosis and
initiation of treatment, but unfortunately, no patient with overt
progression or relapse within these 2 years could be salvaged.
Future directions in the treatment of MLCL will not focus on
further dose intensification, but rather on the incorporation of
(radio)immunotherapy as a therapeutic tool and gene expres-
sion profiling as well as positron emission tomography–
computed tomography as stratifying tools.
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Introduction

Primary mediastinal large B cell lymphomas (MLCL) differ
from other diffuse large cell lymphomas: they convey a
unique gene expression profile reminiscent of Hodgkin’s
disease [1, 2], are characterized by an occlusive infiltration
pattern (e.g., with vena cava superior syndrome due to the
concomitant sclerosis), and typically affect younger
patients. The histopathological reproducibility of MLCL
has been the hallmark of its characterization as a distinct
disease entity in the current World Health Organization
classification of lymphoma [3]. However, a distinction
based on histopathological features alone can be difficult
and additional markers are currently included into routine
diagnosis [4]. Newer, gene array-based grouping of
aggressive non-Hodgkin’s lymphoma support the unique
position with MLCL representing a defined subtype besides
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germinal center B cell-like (GCB) and activated B cell-like
(ABC) diffuse large cell lymphoma [1, 2, 5].

The results of a cyclophosphamide, hydroxydaunorubicin
(adriamycin), oncovin (vincristine), prednisone/prednisolone
(CHOP)-based chemotherapy in European and non-European
countries have been disappointing [6–8], making the treat-
ment of this particular entity unique among the diffuse large
B cell lymphomas (DLCL) irrespective of the individual
(partially later developed) prognostic score. Dose intensifi-
cation has always played a major role in the treatment of the
disease and, in the prerituximab era, clearly improved the
results of CHOP-based chemotherapy regimen [8, 9–13]. An
international standard therapy, however, has not been
established so far. Furthermore, a differentiation of the
residual tumor mass after chemotherapy (scar tissue vs. vital
tumor cells) can sometimes be very challenging and often
radiation or high-dose therapy as consolidation treatment are
added to the initial therapy protocol. This has individualized
treatment of patients with MLCL and hampered comparison
of the results of different approaches to the disease.

In this study, we report the results of a high-dose
methotrexate-based alternating chemotherapy regimen (B-
ALL protocol of the German Multicenter ALL Study Group
[GMALL]), which has proven very effective in the
treatment of mature B-ALL, a disease that biologically
represents a leukemic B-NHL [14]. Since 1988, we
investigated this regimen also in MLCL—first, as a
single-center trial, then later as a multicenter trial. Long-
term results on remission and toxicity in both cohorts with a
maximum follow-up of 16 years are presented.

Design and methods

Between June 1988 and May 2004, 44 patients were
included into this prospective, nonrandomized trial: 15
patients in a single-center pilot protocol (Charité group) and
29 patients in a subsequent multicenter trial coordinated by
the East German Study Group on Hematology and
Oncology (OSHO study #49). Altogether, eight centers
participated and included between one and eight patients into
the OSHO #49 trial. Inclusion criteria were histologically
confirmed diagnosis of MLCL, age 16–75 years, and no
prior chemotherapy or radiotherapy excluding patients with
severe, uncontrolled comorbidities. Primary end points were
remission rate and toxicity, secondary end points were
duration of remission and overall survival (OS). Toxicity
grading followed the common toxicity criteria (CTC)
version 2.0. The local histopathological diagnosis had to be
confirmed by a member of the National Lymphoma
Reference Panel. The study was approved by the local ethics
committee and by the ethics committees of participating
centers.

Patient characteristics

All patients were previously untreated, the patient charac-
teristics are summarized in Table 1. Two of the first patients
in the late 1980s within our single-center pilot phase
underwent surgery (one as a primary approach in an
external hospital, one after chemotherapy with extirpation
of necrotic tissue without vital tumor cells).

Of the 29 patients registered into the OSHO study, 28
patients were evaluable (one patient with initial report
lacking follow-up). Two patients died due to sepsis during
the first cycle. For the OSHO protocol, an additional
systematic evaluation of toxicity according to the CTC
criteria was performed.

Treatment protocol

All patients were treated according to the B-ALL protocol
of the GMALL based on high-dose methotrexate consisting
of six chemotherapy cycles: three times block A [day 1,
1,500 mg methotrexate/m2 for 24 h; days 1–5, ifosfamide
800 mg/m2; days 4–5, VM-26 100 mg/m2 and ara-C 2×
150 mg/m2 (bid); days 1–5, dexamethasone 10 mg/m2 p.o.]
and three times block B [day 1, vincristine 2 mg i.v., MTX
as in block A; days 1–5, cyclophosphamide 200 mg/m2;
days 4–5, adriamycin 25 mg/m2; days 1–5, dexamethasone
10 mg/m2 p.o.] applied alternatively every 3 weeks (block
A1, B1, A2, B2, A3, B3). Ten percent of the methotrexate
dose was given as a 30-min bolus, 90% as a 23.5-h infusion.
After 42 h, a rescue with folinic acid was initiated and
intensified, if methotrexate levels remained elevated. All
patients were scheduled for consolidative involved-field
radiation to the initial mediastinal mass after completion of
chemotherapy with 32 Gy. In case of progression or <75%
reduction in tumor size after four cycles of chemotherapy,
patients were switched to alternative therapy protocols
including hematopoietic cell transplantation. In case of a
residual mediastinal mass with suspected lymphoma activity
(e.g., positive gallium or positron emission tomography
scan) after chemotherapy and radiation, a subsequent high-

Table 1 Patient characteristics

Monocentric
(Charité)

OSHO
study #49

Patients (F/M) 15 (10/5) 29 (14/15)
Median age (years, range) 33 (18–62) 33 (19–74)
LDH at presentation
(median in μmol/L, range)

363 (130–1,570) 624 (55–1,479)

Pleural effusion (%) 27 56
Pericardial effusion (%) 40 50
B-symptoms (%) 40 39
Ann Arbor stage >2 (%) 20 14
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dose chemotherapy with autologous progenitor cell support
was performed in the Charité group (three patients).

Response criteria and statistical analysis

Tumor response was evaluated according to standard
criteria with >25% enlargement in the product of two
perpendicular parameters defined as progressive disease,
<50% lymphoma mass reduction defined as no response,
>50% reduction defined as partial response, no evidence of
assessable lymphoma being a complete remission, and
complete remission with residual fibrotic mediastinal
remnants and no systemic manifestation being classified
as CRr.

Survival was calculated from the beginning of chemo-
therapy. Confidence intervals were computed by the
modified Wald method [15]. The statistical analysis in the
multicenter protocol followed the two-step minimax design
by Simon [16] with a p0 of 50% and a p1 of 70%.
Assuming an alpha error of 5% and a beta error of 20%,
altogether 37 evaluable patients were calculated. An early
stopping threshold was set with a minimum of 13 out of 23
patients achieving a remission. With the advent of
rituximab, the study was halted because of slow accrual
after 29 patients in the multicenter arm. It was decided not
to retrospectively pool both patient cohorts to allow a
statistical analysis as originally designed but rather to
present the results as separate Kaplan–Meier plots for the
older monocentric as well as the later multicenter arm.

Results

Response to chemotherapy

During the first cycle of chemotherapy, two multicenter
patients died following septic complications within the
chemotherapy-induced nadir. Both patients were at higher
risk of complications either because of age (75 years) or
reduced Karnofski index (80%) prior to chemotherapy.
Following intestinal mucositis with its disrupted gastroin-
testinal barrier, Escherichia coli and Enterobacter cloacae
could be isolated from blood cultures.

The remission achieved after four cycles of therapy was
rarely complete; an additional two cycles, however,
increased the rate of CR and CRr from 11% (OSHO group)
to 63% (both groups together, best response of all evaluable
patients, 95% confidence interval 0.48–0.76). The rate of
partial remissions was 30% (both groups), adding up to an
overall response rate of 93% (40 of 43 evaluable patients,
95% confidence interval 0.81–0.98) including the two
patients with early death following infectious complications
(Table 2).

Within the pilot trial, four patients experienced an early
progression within 3 months after the completion of six
cycles of therapy: unfortunately, one patient was lost to
follow-up after rescue therapy, extirpation, and radiation.
The three other patients received high-dose chemotherapy
with autologous stem cell support as rescue therapy, in one
case followed by a haploidentical allogeneic stem cell
transplantation (SCT). However, they all died with pro-
gressive disease (Figs. 1, 2, 3, and 4).

In the OSHO study group, all patients with complete
remission remained in continuous remission during follow-
up. Of the seven patients withdrawn from the trial because
of suboptimal response (<75% tumor reduction after four
cycles for five patients, progressive disease after two cycles
for two patients leading to a 68% freedom from treatment
failure [FFTF] rate as defined per protocol, including the
two patients with lethal infectious complications; 95%
confidence interval 0.49–0.82; Fig. 1), three patients could
be rescued with high-dose chemotherapy. However, no
patient who was clearly progressive in tumor diameter at
any time point during therapy survived overt relapse/
progression for more than 1 year even following allogeneic
rescue transplantation in one case.

The progression-free survival rate (PFS) was 73% (11/
15, 95% confidence interval 0.47–0.9) for the Charité group
where no lethal complications were observed and 85% (22/
26, 95% confidence interval 0.66–0.94) for the OSHO
study group (excluding two patients with lethal septic
complications during cycle 1; Fig. 2).

Looking at OS, 80% of patients within the pilot trial (12/
15, 95% confidence interval 0.54–0.94) and 82% (23/28,
95% confidence interval 0.64–0.93) within the OSHO
multicenter study are alive with no evidence of disease at a
median follow-up of 8.6 and 2.5 years, respectively (Fig. 3).

There was no correlation between lactate dehydrogenase
(LDH; 66% of patients presented with an elevated LDH),
pericardial or pleural effusion, and response to chemother-
apy or probability of relapse. Of note, all relapses occurred
during the first 2 years after diagnosis.

Table 2 Response to chemotherapy

Monocentric
(Charité)

OSHO
sstudy #49

PR after four cycles n.d. 75% (21/28)
CR/CRr after four cycles n.d. 11% (3/28)
PR after six cycles 27% (4/15) 32% (9/28)
CR/CRr after six cycles 73% (11/15) 57% (16/28)
Median follow-up
(days, censored) (years)

3,152+
(165–5,970) (8.6)

904+
(186–1,728) (2.5)

The maximal response after four and six cycles of chemotherapy is
shown
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Short-term toxicity

As expected for a high-dose methotrexate-containing
regimen, mucositis represents a major hurdle of this
chemotherapy approach: 20% of all patients developed a
grade 3 or 4 mucositis per cycle usually requiring
intravenous morphine. The rate of grades 3 and 4
hematologic toxicities, however, were surprisingly tolerable
and lower as expected for this intensive regimen. Also—
instead of a mucositis allowing penetration of gastrointesti-
nal bacterial colonizers into the blood system—neutropenic
fever was not a major problem (<10% risk per cycle).
Although overall toxicity was well manageable, clearly, this
regimen shows substantial short-term toxicity and requires
inpatient service. The results are summarized in Table 3.

Long-term toxicity

Long-term toxicity was acceptable. In our single-center
cohort with a mean follow-up of 9.4 years (3,440 days), we
observed one case of hepatitis C (an association to red

blood cell transfusion could not be proven, but hepatitis
screening before chemotherapy initiation was not per-
formed in this case). There were no secondary malignancies
including therapy-associated leukemia. One patient shows
persistent reduced neutrophil counts (absolute neutrophil
count 1.3/nL) 3 years after therapy. A thorough work-up
including bone marrow cytology, bone marrow biopsy, and
flow cytometry could not prove the suspected myelodys-
plastic syndrome.

One female patient developed a rhinocerebral mucor
mycosis and needs to be on continuous therapy with
itraconazole. The biopsy-proven mucor has been stable
for 5 years now. Another patient developed an osteo-
necrosis of the femoral head. Generally, there were no
complaints concerning reduced mental or physical
fitness >2 years after completion of treatment. Interest-
ingly, three patients became pregnant after chemotherapy
and radiotherapy and gave birth to three healthy
children (one patient had a twin pregnancy and one
patient lost one child).

Fig. 4 OS, PFS, and FFTF with 95% confidence intervals (error
bars) in patients with primary MLCL treated with a high-dose
methotrexate-based chemotherapy (see text)

Fig. 1 FFTF according to Kaplan–Meier in patients with primary
MLCL treated with a high-dose methotrexate-based chemotherapy

Fig. 2 PFS according to Kaplan–Meier in patients with primary
MLCL treated with a high-dose methotrexate-based chemotherapy

Fig. 3 OS according to Kaplan–Meier in patients with primary
MLCL treated with a high-dose methotrexate-based chemotherapy
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Discussion

Since its first definite description as a distinct entity based
on a combination of histopathological features and a typical
clinical presentation in the early 1980s [17, 18, reviewed in
19], patients suffering from primary MLCL have undergone
various chemotherapy-based approaches to achieve cure of
the disease.

Based on the disappointing results with CHOP-like
therapy [6–8], we started exploring dose intensification
with a methotrexate-based alternating chemotherapy regimen
in the late 1980s. Simultaneously, this regimen was also
investigated in the treatment of another aggressive B cell
disorder, namely, Burkitt’s lymphoma/mature B-ALL. Be-
cause of the impressive improvement in OS achieved with this
alternating regimen, it has meanwhile become standard
therapy for Burkitt’s lymphoma/mature B-ALL in Germany
[14]. We now report our single-center long-term results in 15
patients suffering from MLCL. This data could be repro-
duced in a larger multicenter, prospective study performed
by the East German Study Group on Hematology and
Oncology (OSHO) including 29 patients, also reported in
this study.

The applied high-dose methotrexate-based alternating
chemotherapy regimen led to excellent response rates
(>90%) in our patient cohort with MLCL. Relapse occurred
only within the first 2 years after therapy, but most often
during or shortly after chemotherapy following a partial
remission. Once patients have crossed the 2-year border
after diagnosis, remissions are reliable and lasting; as a matter
of fact (and in contrary to diffuse large cell lymphoma), we did
not see a single relapse beyond the 2-year border. This has also
been observed by other groups [20] supporting the hypothesis
of the different natural histories of MLCL and DLCL.

Once overt relapse occurred, the course of the disease in
our cohort was fatal irrespective of the type of salvage
treatment applied including high-dose chemotherapy and
allogeneic SCT. Up to now, only one case report with a
successful rescue therapy has been published [21]. There-
fore, intensified adjuvant (i.e., high-dose chemotherapy)

and/or local consolidative (i.e., radiotherapy) approaches,
especially in patients with a residual tumor mass, seem
justified and, as a matter of fact, are favored by most
centers. In patients with a suboptimal response, defined as
<75% reduction in tumor diameter after four chemotherapy
cycles, high-dose chemotherapy with autologous stem cell
rescue is a feasible and advisable approach. However, as could
be expected in a lymphoma with often extensive sclerotic
proliferation, remissions tend to occur protracted in the course
of chemotherapy compared to other aggressive lymphomas. A
residual mass at the site of the often bulky primary disease
manifestation is common, and some of our patients undergo-
ing high-dose chemotherapy because of insufficient tumor
mass reduction might have been overtreated.

Clearly, this underscores the emerging role of a PET–
computed tomography (CT) allowing not only to identify
residual vital tumor, but also allowing to stratify according
to tumor response in the course of the disease. The
advantage of a gallium scan to judge the dignity of a
residual mass has been reported several years ago [22].
Another helpful new tool will be gene expression profiling.
First results provide evidence that aggressive MLCL not
responding to chemotherapy actually differs from the
ordinary MLCL genetic pattern and might rather be (re)
classified as ABC-type DLCL [1].

A change in current MLCL treatment is the integration of
immunotherapy, either the unconjugated anti-CD20 anti-
body rituximab or the radioimmunoconjugates ibritumomab
tiuxetan or tositumomab, which are under investigation in
various trials. Surprisingly, first results with rituximab added
to standard CHOP showed inferior survival compared to
methotrexate-containing regimen [20] or no benefit in
methotrexate-containing regimen for the addition of ritux-
imab [23]. The addition of rituximab to a nonmethotrexate
regimen, however, seems to improve results [24, 25].

Our results prove manageable short-term toxicity with an
acceptable rate of long-term complications. The observed
restoration of gonadal function in young patients undergoing
intensive chemotherapy including autologous SCT especially
when omitting total body irradiation has been described [26].
Of note, our cohort does not support the often cited
predilection of MLCL in females [27]. Also, we could not
correlate factors like age, LDH, pleural, or pericardial
effusion to survival or response, making standard prognostic
scores like the International Prognostic Index not reliable for
risk stratification in this disease entity—this is supported by
the results of other groups [13, 20].

The OS in our prospective study (80% with a follow-up
of 8.6 years in the single-center group, 82% with a follow-
up of 2.5 years in the multicenter group) compares
favorably to the results reported in a larger retrospective
analysis with another chemotherapy approach including
methotrexate, namely, MACOP-B (71% projected 10-year

Table 3 Toxicity in 142 cumulative cycles of chemotherapy in the
OSHO study #49 group (according to CTC version 2.0)

CTC 3° toxicity (%) CTC 4° toxicity (%)

Mucositis 9 11
Fever 8 1
Neutropenia 22 20
Thrombocytopenia 16 13
Anemia 12 2
Nausea/emesis 2 0
Renal 2 3
Hepatic 2 0
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survival with a median follow-up of 4.5 years [10]). This
might be due to the increased methotrexate dose in our
protocol. As a drawback, especially the methotrexate is
responsible for a substantial part of the toxicity and requires
inpatient service.

One argument in favor of high-dose methotrexate is its
ability to penetrate the blood–brain barrier. Although with
rituximab we see an increased OS at least in aggressive
B-NHL [28, 29], the number of central nervous system
(CNS) relapses remains unchanged due to the inadequate
diffusion of rituximab into the liquor [30]. Considering a
per se increased CNS relapse risk in MLCL compared to
other lymphoma [31], this might count as an additional
argument for the integration of i.v. methotrexate in the
therapy for MLCL; furthermore, probably sparing the need
for an additional intrathecal therapy. With most of the CNS
relapses in MLCL occurring in the CNS parenchyma, the
value of an intrathecal therapy is discussed controversially,
anyway [31, 32]. At least in our cohort of high-risk
patients, we did not observe any CNS relapse.

In summary, the successful application of a methotrexate-
based alternating chemotherapy regimen in mature B-ALL
accomplished sustained remissions in the majority of
patients suffering from MLCL. The toxicity profile is
dominated by mucositis, hematotoxicity, and neutropenic
fever requiring hospitalization. Long-term toxicity with a
follow-up of maximum 16 years, however, is acceptable as
indicated by three uncomplicated pregnancies after treat-
ment. The course for cure is set when remissions last more
than 2 years. Patients with overt progression or relapse
within the first 2 years in our series could not be salvaged.
The integration of gene expression profiling, PET–CT, and
immunotherapy into new therapy protocols will help us to
further improve therapy results.
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