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Rituximab after lymphoma-directed conditioning and 
allogeneic stem-cell transplantation for relapsed and 
refractory aggressive non-Hodgkin lymphoma (DSHNHL R3): 
an open-label, randomised, phase 2 trial
Bertram Glass*, Justin Hasenkamp*, Gerald Wulf, Peter Dreger, Michael Pfreundschuh, Martin Gramatzki, Gerda Silling, Christian Wilhelm, 
Matthias Zeis, Anke Görlitz, Sebastian Pfeiff er, Reinhard Hilgers, Lorenz Truemper, Norbert Schmitz, on behalf of the German High-Grade 
Lymphoma Study Group†

Summary
Background Allogeneic stem-cell transplantation has had limited success for patients with refractory and relapsed 
aggressive B-cell or T-cell lymphoma. We investigated the eff ect of adding rituximab to standard prophylaxis for graft-
versus-host disease after transplantation and estimated overall survival when using a lymphoma-directed myeloablative 
conditioning regimen.

Methods We did this randomised, open-label, phase 2 study at seven German transplantation centres. We enrolled 
patients with aggressive B-cell or T-cell lymphoma and primary refractory disease, early relapse (<12 months after 
fi rst-line treatment), or relapse after autologous transplantation. Conditioning with fl udarabine (125 mg/m²), busulfan 
(12 mg/kg oral or 9·6 mg/kg intravenous), and cyclophosphamide (120 mg/kg) was followed by allogeneic stem-cell 
transplantation. Patients were randomly assigned (1:1) to receive rituximab (375 mg/m² on days 21, 28, 35, 42, 175, 
182, 189, and 196) or not. Allocation was done with a centralised computer-generated procedure; patients were 
stratifi ed by histological subtype (B-cell vs T-cell lymphoma) and donor match (HLA-identical vs non-identical). 
Neither investigators nor patients were masked to allocation. The primary endpoints were the incidence of acute 
graft-versus-host disease grade 2–4 in each treatment group and overall survival at 1 year in both groups combined. 
All analyses were done for the intention-to-treat population. The study is registered with ClinicalTrials.gov, number 
NCT00785330.

Findings Between June 16, 2004, and March 24, 2009, we screened 86 patients and enrolled 84; 42 were randomly 
assigned to each group. The cumulative incidence of grade 2–4 acute graft-versus-host disease was 46% (95% CI 32–62) 
in the rituximab group and 42% (95% CI 29–59) in the no rituximab group (hazard ratio [HR] 0∙91, 95% CI 0∙52–1∙60; 
p=0∙74). Overall survival at 1 year for the whole study population was 52% (95% CI 41–62). Grade 4 haematological 
toxic eff ects and grade 3 alopecia occurred in all patients. The most common non-haematological grade 5 toxic eff ects 
were pneumonia (nine in the no rituximab group vs ten in the rituximab group) and other infections (seven vs four).

Interpretation The lymphoma-directed myeloablative conditioning regimen developed here is promising for patients 
with refractory and relapsed aggressive B-cell and T-cell lymphomas. However, the addition of rituximab did not aff ect 
the incidence of graft-versus-host disease or overall survival.

Funding Hoff mann-La Roche, Amgen, Astellas Pharma.

Introduction
High-risk aggressive B-cell lymphomas together with 
mature T-cell lymphomas account for about half of all non-
Hodgkin lymphomas worldwide.1 Although fi rst-line 
treatment of young patients with aggressive B-cell lym-
phoma has greatly improved over recent years,2–4 patients 
with B-cell or T-cell lymphoma who relapse early or prove 
to be refractory to modern fi rst-line treatment still face 
dismal outcomes, with only 10–30% of patients surviving 
in the long term.5,6

Transplantation of allogeneic haemopoietic stem cells is 
an attractive alternative to other treatment strategies 
because it eradicates malignant cells not only by escalating 
the doses of cytotoxic drugs before trans plantation, but 

also by cellular mechanisms summarised as the graft-
versus-lymphoma eff ect once the trans plantation has 
taken place. Early attempts at allogeneic haemopoietic 
stem-cell transplantation achieved disease control even for 
patients with far-advanced disease, but high non-relapse 
mortality has hindered its widespread use.7,8 Graft-versus-
host disease is a serious complication of the procedure 
and signifi cantly contributes to non-relapse mortality after 
allogeneic haemopoietic stem-cell transplantation. Several 
investigators have suggested that depletion of B cells with 
the monoclonal antibody rituximab might reduce antigen 
presentation to donor T cells. Therefore, we and others 
have speculated that rituximab given around the time of 
transplantation and afterwards might reduce the incidence 
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and severity of graft-versus-host disease and non-relapse 
mortality.9 Reduced-intensity conditioning can decrease 
non-relapse mortality and increase overall survival for 
some subtypes of lymphoma10,11 but mostly at the cost of 
increased relapse rates and not for refractory and relapsed 
aggressive lymphoma.12–14

To address this dilemma, we developed a lymphoma-
directed myeloablative con ditioning regimen to debulk 
the tumour before transplantation of unmanipulated 
peripheral blood to rapidly induce full donor chimerism, 
enabling an early graft-versus-lymphoma eff ect.15 In this 
study (DSHNHL R3), we investigated whether the 
addition of rituximab decreased acute graft-versus-host 
disease and whether lymphoma-directed myeloablative 
conditioning improved overall survival.

Methods
Study design and participants  
We did this randomised, open-label, phase 2 study in seven 
German transplant centres. Patients aged 18–65 years with 
aggressive B-cell or T-cell lymphoma according to the 
WHO classifi cation1 were eligible. Patients were eligible if 
their Karnofsky performance status was greater than 40 
and they had a history of one or more of the following: 
lymphoma refractory to fi rst-line or subsequent treatment; 
early relapse (<12 months after fi rst-line treatment and a 
minimum of one risk factor according to secondary age-
adjusted International Prognostic Index);16,17 and treatment 
failure after high-dose treatment and autologous stem-cell 
trans plantation. Exclusion criteria were having severe 
comorbidities, cancer other than lymphoma, or active 
hepatitis, and being HIV positive. Lymphoma had to be 
confi rmed by histological assessment at least once during 
the course of disease by a panel of expert 
haematopathologists who were members of the study 
group. Our study complied with the Declaration of 
Helsinki and was done according to good clinical practice 
guidelines. The study was approved by the ethics 
committees of the participating centres; patients and 
donors gave written informed consent.

Randomisation and masking 
Registration forms were sent to the DSHNHL study 
offi  ces in Goettingen or Hamburg (Germany), where 
eligibility criteria were checked and patients were 
randomly assigned (1:1) by a centralised computer-
generated allocation procedure to receive rituximab or 
not. Treatment allocation was stratifi ed by histological 
subtype (B-cell lymphoma vs T-cell lymphoma) and donor 
match (HLA identical vs HLA non-identical). Neither 
participants nor investigators were masked to treatment 
allocation.

Procedures  
Patients were registered after clinical assessment, 
laboratory testing, CT scans of thorax and abdomen, 
bone marrow biopsy, and evaluation of secondary 

age-adjusted International Prognostic Index score. 
Laboratory tests and imaging were repeated as clinically 
indicated; PET scans were not done as part of the study 
procedures. At registration, patients were treated with 
salvage chemo therapy, followed by a lymphoma-directed 
myeloablative conditioning regimen before allogeneic 
stem-cell transplantation.

Although the choice of salvage chemotherapy was left 
to the clinician, recommended salvage therapy was 
DHAP (dexamethasone, high-dose cytarabine, and 
cisplatin) or ICE (ifosfamide, carboplatinum, etoposide), 
together with rituximab for B-cell lymphomas.5 Before 
salvage chemo therapy, patients and potential donors 
were typed at HLA-loci A, B, C, DR, and DQ. Patients 
who had a donor with at least a seven of eight loci match 
at HLA A, B, DR, and DQ could be enrolled and proceed 
to transplantation. All patients received a lymphoma-
directed myeloablative conditioning regimen containing 
intra venous fl udarabine 25 mg/m² per day from 
day –8 to day –4 before transplantation; busulfan orally 
4 mg/kg per day or intravenously 3·2 mg/kg per day 
from day –6 to day –4; and intravenous cyclophosphamide 
60 mg/kg per day on day –3 and day –2. Prophylaxis for 
graft-versus-host disease started on day –1 and consisted 
of tacrolimus (8–12 μg/L) and mycophenolate mofetil (1 g 
twice a day until day 28). Patients in the rituximab group 
received rituximab intravenous 375 mg/m² on days 21, 
28, 35, 42, 175, 182, 189, and 196 after trans plantation. 
This treatment schedule was chosen to cover both the 
early and late post-transplantation period, when patients 
are at risk of acute and chronic graft-versus-host disease. 
We chose eight rituximab infusions, as this is the 
standard number for patients with all subtypes of B-cell 
lymphoma. In the absence of graft-versus-host disease, 
tacrolimus was tapered from day 100 onwards. Patients 
with acute graft-versus-host disease greater than grade 1 
or extensive chronic graft-versus-host disease were 
deemed to need systemic treatment for graft-versus-host 
disease. Initially, the use of anti-thymocyte globulin was 
left to the discretion of the participating centre. On 
Feb 18, 2008, an interim analysis of 60 evaluable patients 
showed an unexpected high incidence of severe graft-
versus-host disease (acute higher than grade 2 or 
extensive chronic). Hence, the protocol was amended, 
requesting the use of 10 mg/kg ATG-Fresenius S 
(Fresenius Biotech, Gräfelfi ng, Germany) or 2·0 mg/kg 
Thymoglobuline (Genzyme Europe, Naarden, 
Netherlands) from day –3 to day –1 for unrelated or 
mismatched transplants. We deemed these doses equally 
eff ective to prevent graft-versus-host disease.

On day 0, patients received mobilised peripheral blood 
(≥3 × 10⁶ CD34 cells per kg) or bone marrow (>4 × 10⁸ 
nucleated cells per kg). Recommendations for supportive 
care are detailed in the study protocol. The use of 
defi brotide was left to the discretion of local investigators.

Staging and re-staging examinations were done at 
registration, after last salvage treatment, and before and 

For the protocol (in German) 
see http://www.dshnhl.org/

studien/abgeschlossene-studien/
rezidivtherapie/
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3 months after transplantation. Responses were classifi ed 
as complete or unconfi rmed complete remission, partial 
remission, or stable or progressive disease according to 
international workshop criteria.18 Follow-up examinations 
were done every 3 months for the fi rst year, every 
6 months for 2 further years, and yearly thereafter. 
Patients who changed salvage regimen for reasons other 
than toxic eff ects as well as those for whom re-staging 
before transplantation showed a response less than 
partial remission, were deemed to have refractory disease.

Outcomes 
Our study had two primary endpoints: overall survival at 
1 year after transplantation for the whole study population  
and incidence of grade 2–4 acute graft-versus-host 
disease at 100 days in the rituximab and no rituximab 
groups, as reported by the treating physician. Both 
analyses were for the intention-to-treat population. 
Secondary endpoints were progression-free survival for 
the whole patient population, and time to progression, 
non-relapse mortality, incidence of infectious 
complications, and the incidence and severity of chronic 
graft-versus-host disease for rituximab compared with no 
rituximab for the intention-to-treat population. 

We calculated time to event from date of transplantation 
until event. Overall survival was death from any cause. 
We calculated progression-free survival as death from 
any cause or progression or relapse. We calculated non-
relapse mortality as death from any other cause than 
lymphoma. We graded acute graft-versus-host disease 
according to the system of Glucksberg and colleagues.19 
We assessed chronic graft-versus-host disease with the 
criteria of Shulman and colleagues.20 Only adverse events 
grade 3 or greater had to be reported by the individual 
investigator.

Statistical analysis 
According to previous results15 we assumed that roughly 
60% of patients would have an incidence of acute graft-
versus-host disease with standard treatment. We used a 
two-phase adaptive study design, as proposed by Bauer 
and Köhne.21 In phase 1, we estimated futility with two α 
limits that would lead us to stop recruitment (α<0·05  
null hypothesis already rejected, α>0·5 no realistic 
chance of rejecting null hypothesis). The rejection 
boundaries for the fi rst phase of the study resulted in a 
sample size of 30 patients per treatment group. α was 
between these limits so we continued the study to 
phase 2, recruiting additional patients.
 We assumed that rituximab would reduce acute graft-
versus-host disease grade 2–4 by 40%. For the analysis of 
overall survival, we assumed that treatment was 
successful if 40% of patients survived 1 year after 
transplantation (ie, 32 patients with a sample size of 60). 
After the planned interim analysis in Feb 18, 2008, we 
made anti-thymocyte globulin mandatory for patients 
with unrelated or mismatched donors and we decided to 

enrol more patients to have 60 eligible patients treated in 
the same way. Due to restrictions imposed by German 
drug laws (Arzneimittelgesetz) recruitment had to stop 
in March 31, 2009, when 84 patients had been enrolled.

We assessed time-to-event outcomes with the 
Kaplan-Meier method and compared diff erences between 
groups with log-rank tests. We calculated 95% CIs with 
the variance derived from Greenwood’s formula. 
Kaplan-Meier estimates for the incidence of acute or 
chronic graft-versus-host disease and time to progression 

86 patients assessed for eligibility

2 excluded  
   1 not aggressive NHL 
   1 progressive disease

42 allocated to rituximab
       36 received at least one infusion
          3 did not receive rituximab 
              because of non-relapse mortality
          3 did not receive rituximab 
               because of protocol violation 
   

42 allocated to control  

26 discontinued rituximab
      16 graft-versus-host disease
        6 relapse
        3 non-relapse mortality
       1 protocol violation    

42 included in primary analysis 42 included in primary analysis 

84 enrolled

Figure 1: Trial profi le
All patients allocated to control were treated per protocol and had adequate follow-up. NHL=non-Hodgkin lymphoma.

 Rituximab group 
(n=42)

Control group 
(n=42)

Patient age (years) 

Median (IQR) 47·0 (38·0–54·0) 49·5 (43·0–57·0)

≤40 years 14 (33%) 7 (17%)

>40 years 28 (67%) 35 (83%)

Donor age (years)

Median (IQR) 45·5 (37·0–55·5) 47·0 (38·0–56·0)

≤40 years 17 (40%) 16 (38%)

>40 years 25 (60%) 26 (62%)

Patient sex

Male 33 (79%) 25 (60%)

Female 9 (21%) 17 (40%)

Patient:donor sex

Patient male:donor female 3 (7%) 8 (19%)

Other 39 (93%) 34 (81%)

(Table 1 continues on next page)
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were censored for death as competing risk.22 Variables 
that had a signifi cant eff ect in univariate comparisons 
were entered into multivariate Cox proportional hazards 
models by a stepwise procedure. p values are two-sided, 
and values of less than 0·05 are considered statistically 
signifi cant. We did statistical analyses with SAS 
(version 9.2).

This study is registered with ClinicalTrials.gov, number 
NCT00785330.

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. All authors had full access to all 
data of the study; the corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results  
We did study between June 16, 2004, and March 24, 2009 
(appendix). We assessed 86 patients for eligibility; one with 
progressive disease and one who did not have aggressive 
lymphoma were excluded. We enrolled 84 patients, with 
42 patients randomly assigned to each group, all of whom 
are included in the intention-to-treat population (fi gure 1). 
We detected no major diff erences between treatment 
groups at baseline, but more patients in the control group 
were older than 40 years, suggesting that the eff ect of 
rituximab might have been even less prominent if the 
number of patients was perfectly balanced between both 
groups (table 1). The proportion of patients treated with 
anti-thymocyte globulin was similar in each treatment 
group, making confounding unlikely (table 1, appendix).

44 (52%) of 84 patients received rituximab and DHAP 
or rituximab and ICE for salvage treatment. Because of 
low patient numbers and diff erences in clinical 
characteristics of patients treated with either regimen, a 
post-hoc comparison of outcomes after DHAP and ICE 
was inconclusive (data not shown). The remaining 
patients received various salvage protocols (including 
high-dose treatment for fi ve patients and methotrexate-
based protocols for 15 patients), one patient went directly 
from primary treatment including repeated autologous 
stem-cells to allogeneic stem-cell transplantation. Most 
patients did not respond to salvage treatment (table 1).

23 patients had an HLA-identical sibling donor, 34 had 
a fully matched unrelated donor. The other patients 
received transplants from mismatched unrelated donors 
(n=26) or a mismatched related donor (n=1, table 1). The 
source of stem cells was peripheral blood in 81 of 
84 patients. No patients were excluded because of 
unavailability of a stem-cell donor.

The median number of CD34 cells infused was 
6·6 × 10⁶ per kg (IQR 5·0–8·8). All patients but one who 
died early (on day 4) engrafted, with median time to 
recovery of leucocytes to more than 1 per nL of 10 days 
(IQR 10–12) and median time to recovery of platelets to 
more than 50 per nL of 12 days (IQR 11–15). One patient 

 Rituximab group 
(n=42)

Control group 
(n=42)

(Continued from previous page)

Patient:donor cytomegalovirus status

Negative:negative 18 (43%) 15 (36%)

Other 24 (57%) 27 (64%)

Lymphoma subtype

B-cell 30 (71%) 31 (74%)

T-cell 12 (29%) 11 (26%)

Stem cell source

Bone marrow 2 (5%) 1 (2%)

Peripheral blood 40 (95%) 41 (98%)

Previous rituximab (B-cell lymphoma only)

Yes 21 (50%) 28 (67%)

No 9 (21%) 3 (7%)

Duration of last remission

<3 months (refractory) 22 (52%) 26 (62%)

<12 months (early relapse) 8 (19%) 4 (10%)

>12 months (late relapse)* 12 (29%) 12 (29%)

Previous high-dose treatment and stem-cell transplantation

Yes 22 (52%) 23 (55%)

No 20 (48%) 19 (45%)

Median lines of treatment before allogeneic stem-cell 
transplantation (IQR)

4 (3–5) 4 (3–6)

aaIPI before salvage

0 6 (14%) 9 (21%)

1 8 (19%) 13 (31%)

2 21 (50%) 17 (40%)

3 4 (10%) 1 (2%)

Missing data 3 (7%) 2 (5%)

Donor type

Matched related donor 13 (31%) 10 (24%)

Mismatched related donor 0 (0%) 1 (2%)

Matched unrelated donor 14 (33%) 20 (48%)

Mismatched unrelated donor 15 (36%) 11 (26%)

Anti-thymocyte globulin

Yes 17 (40%) 18 (43%)

No 25 (60%) 24 (57%)

Karnofsky performance status at transplantation

<80 4 (10%) 3 (7%)

≥80 38 (90%) 39 (93%)

aaIPI score at transplantation

0 12 (29%) 13 (31%)

1 17 (40%) 20 (48%)

2 12 (29%) 9 (21%)

3 1 (2%) 0 (0%)

Disease status at transplantation

Refractory 23 (55%) 23 (55%)

Sensitive or untested 19 (45%) 19 (45%)

Median follow-up (IQR; years) 4·5 (3·3–5·9) 3·9 (2·4–5·2)

Data are n (%) unless stated otherwise. Duration of last remission is the time from start of last treatment before 
registration to start of salvage treatment. B-NHL=B-cell non-Hodgkin lymphoma. aaIPI=age-adjusted International 
Prognostic Index. *All patients with late relapse had an autologous transplantation before enrolment. 

Table 1: Baseline characteristics
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developed secondary poor graft function requiring a 
stem cell boost 5·4 months after transplantation. All 
patients with results available (n=71) developed complete 
donor chimerism (>95%) within 14 days after 
transplantation.

25 (30%) of 84 patients developed grade 2–4 acute graft-
versus-host disease (12 in the control group, 13 in the 
rituximab group). The cumulative incidence was 46% 
(95% CI 32–62) in the rituximab group and 42% 
(95% CI 29–59) in the no rituximab group (hazard ratio 
[HR] 0∙91, 95% CI 0∙52–1∙60; p=0∙74). A post-hoc 
analysis of all patients (irrespective of rituximab 
allocation) showed that patients given anti-thymocyte 
globulin before stem-cell transplantation had 
signifi cantly less acute graft-versus-host disease 
grades 2–4 or extensive chronic graft-versus-host disease 
at 1 year compared with those who did not receive anti-
thymocyte globulin (76% [95% CI 61–88] vs 45% 
[95% CI 29–64]; p=0·0072; appendix).

14 of 41 patients who were alive and without graft-
versus-host disease at day 100 (20 in the rituximab 
group, 21 in the no rituximab group) developed extensive 
chronic graft-versus-host disease (six in the rituximab 
group, eight in the no rituximab group; p=0·28). 
Figure 2 shows the cumulative incidence of grade 2–4 
acute graft-versus-host disease or extensive chronic 
graft-versus-host disease in each group. A post-hoc 
competing risk model assessing the incidence of graft-
versus-host disease also showed no signifi cant 
diff erence between groups (appendix). Cumulative 
incidence of extensive  chronic graft-versus-host disease 
at 3 years was 41% (95% CI 30–52) in the no rituximab 
group and 33% (20–46) in the rituximab group (HR 0·91, 
95% CI 0·52–1·60; log-rank p=0·28)

After a median follow-up of 4·0 years (IQR 2·5–5·6), 
34 (40%) of 84 patients were alive (16 in the rituximab 
group and 18 in the control group). Overall survival at 
1 year for the whole study population was 52% (95% CI 
41–62); fi gure 3). In a post-hoc analysis, overall survival at 
1 year was 61% (95% CI 47–72) for patients with a 
10 of 10 HLA-matched donor compared with 33% (17–51) 
for patients with a mismatched donor (p=0·0211). For 
patients with a matched related or a matched unrelated 
donor receiving anti-thymocyte globulin before 
transplantation, overall survival at 3 years was 66% 
(48–79; fi gure 4). Even though refractory disease or early 
relapse (<12 months) had a negative eff ect on outcome, 
the estimated overall survival at 1 year was still 47% 
(95% CI 34–59) for patients with a remission duration of 
less than 12 months; no relapses occurred afterwards 
(appendix). Patients with refractory disease had poorer 
overall survival at 3 years than did those with sensitive or 
untested response (38·3% vs 45·8%; p=0·1336; appendix) 
but not signifi cantly so.

33 (39%) patients died without evidence of active 
lymphoma, mostly from infection after graft-versus-host 
disease (17 in the rituximab group, 16 in the no rituximab 

group). The cumulative incidence of non-relapse 
mortality for all patients was 12% (95% CI 7–21) at 
100 days and 35% (26–47) at 1 year after transplantation. 
Cumulative incidence of non-relapse mortality at 1 year 
was 34% (21–51) in the rituximab group and 37% (24–55) 
in the no rituximab group (HR 1·09, 95% CI 0·55–2·16; 
log-rank p=0·80). Although non-relapse mortality was 
not signifi cantly aff ected by the severity of acute graft-
versus-host disease in an exploratory analysis (appendix), 
donor–recipient mismatch (p=0·008) and graft-versus-
host disease prophylaxis without anti-thymocyte globulin 
for patients with unrelated donors (p=0·011) signifi cantly 
increased non-relapse mortality. Non-relapse mortality 
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was not signifi cantly associated with age (data not 
shown). For 40 patients allografted from matched related 
or matched unrelated donors treated with anti-thymocyte 
globulin, non-relapse mortality occurred in 10% 
(95% CI 4–25) of patients, 1 year after transplantation; for 
the 44 patients who received matched, unrelated 
transplants, without anti-thymocyte globulin or mis-
matched transplants, non-relapse mortality occurred 
in 57% (42–73; a post-hoc analysis; appendix).

For time-to-progression, 10 patients (24%) relapsed or 
progressed at a median of 88 days (IQR 76–128) after 
transplantation in the rituximab group compared with 
ten (24%) at a median of 90 days (IQR 75–220) in the 

control group. 17 patients (20%) died from lymphoma, 
13 within the fi rst year after transplantation. The 
cumulative incidence of relapse for all patients was 16% 
(95% CI 9–26) at 100 days and 29% (95% CI 19–41) at 
1 year (appendix). Post-hoc analyses showed that 
secondary age-adjusted International Prognostic Index, 
previous lines of treatment with rituximab (only for 
patients with B-cell lymphoma), use of anti-thymocyte 
globulin, or donor mismatch did not signifi cantly aff ect 
the time to progression (data not shown). Disregarding 
rituximab allocation, 18 of 60 patients (36%, 95% CI 24–51) 
never in remission or relapse within 12 months 
progressed compared with two of 24 patients (11%, 
95% CI 3–37) who were in remission at time of 
transplantation (p=0·023). Relapse occurred in 38% 
(95% CI 22–60) of patients who did not have grade 2–4 
acute graft-versus-host disease compared with 
23% (13–39) of patients who had acute graft-versus-host 
disease grade 2–4 (p=0·15; post-hoc analysis).

Progression-free survival at 1 year was 45% (95% CI 
34–55; fi gure 3). Post-hoc exploratory analysis showed 
that factors that had a signifi cant adverse eff ect on 
progression-free survival were Karnofsky performance 
status less than 80 (p=0·049), more than four previous 
lines of treatment (p=0·031), no response to salvage 
treatment (p=0·019), having never been in remission or 
short duration (<12 months) of last remission (p=0·048), 
HLA-mismatch between recipient and donor (p=0·015), 
and absence of acute graft-versus-host disease grade 2–4 
(p=0·020; fi gure 5). Age, sex, cytomegalovirus status, 
baseline age-adjusted International Prognostic Index, 
type of lymphoma (T-cell vs B-cell), or previous treatment 
with rituximab (only patients with B-cell lymphoma) had 
no signifi cant eff ect on progression-free survival (data 
not shown; post-hoc analysis). Patients with grade 2–4 
acute graft-versus-host disease had longer progression-
free survival compared with those with grade 0–1 
(fi gure 4; post-hoc analysis). Progression-free survival at 
3 years was 61% (95% CI 46–73) for patients with acute 
graft-versus-host disease grade 2–4 or extensive chronic 
graft-versus-host disease compared with 39% (23–55) for 
others (p=0·0133; post-hoc analysis). In an exploratory 
multivariate analysis (table 2), the factors which had 
signifi cant eff ect in the univariable analysis (not shown) 
were still independent factors that adversely aff ected 

Hazard ratio 
(95% CI)

p value

GvHD 0 or 1 2·24 (1·22–4·10) 0·0008

Mismatched donor 3·13 (1·61–6·10) 0·0008

Refractory* 2·03 (1·01–4·06) 0·046

≥4 lines of treatment 2·65 (1·39–5·05) 0·0031

No anti-thymocyte globulin 2·87 (1·38–5·99) 0·0049

GvHD=graft-versus-host-disease. *Never or short (<12 months) in remission.

 Table 2: Results of multivariate analysis for progression-free survival
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progression-free survival. Results of a mulitvariate 
analysis of overall survival were much the same (data not 
shown).

Haematological toxic eff ects and alopecia occurred in 
all patients (table 3), although alopecia was grade 3 for all 
patients. Most haematological toxic eff ects in both groups 
were grade 3 or 4 in severity. The most common non-
haematological toxic eff ects were pneumonia and other 
infections. Nine patients who did not receive rituximab 
and ten of those who did died from pneumonia. Patients 
also died from other infections (seven vs four). Liver toxic 
eff ects occurred in ten patients (table 3).

Discussion
We achieved encouraging overall survival 1 year after 
allogeneic stem-cell transplantation for patients with 
refractory and aggressive relapsed lymphoma, which was 
sustained at 3 years. Rituximab, at least when 
administered at standard doses between 21 and 196 days 
after transplantation, did not signifi cantly aff ect the 
incidence of acute and chronic graft-versus-host-disease, 
relapse, or survival. Previous studies of the eff ect of 
rituximab on incidences of acute or chronic graft-versus-
host disease were retrospective23 or suff ered from small 
sample sizes.24 However, we cannot exclude that diff erent 
timing25 and dosing of rituximab as well as diff erences in 
recipient–donor matching and graft-versus-host disease 
prophylaxis might have contributed to the diff erence 
between our fi ndings and those of previous studies 
(panel).

The protocol amendment to recommend anti-
thymocyte globulin for all patients with unrelated or 
mismatched donors might have aff ected the fi nal 
incidence of graft-versus-host disease, although the 
numbers of patients who did and did not receive anti-
thymocyte globulin were very similar in each treatment 
group. Furthermore, rituximab circulates in the body for 
months after administration; therefore, our fi ndings 
might have been aff ected by the 80% of patients with 
B-cell lymphoma who had received rituximab as part of 
previous treatments. Because almost every trans-
plantation candidate will have been exposed to rituximab, 
we believe that our study population was representative 
of real-world patients.

Because the addition of rituximab to standard 
prophylaxis for graft-versus-host disease did not 
signifi cantly aff ect results and results for B-cell and T-cell 
lymphomas did not diff er signifi cantly, all further 
analyses included all enrolled patients. In this poor-risk 
group of patients lacking a realistic chance of long-term 
survival with any other treatments, including high-dose 
treatment and autologous transplantation, we achieved 
high pro gression-free survival and overall survival at 
3 years, especially for patients with matched related or 
unrelated donors who received anti-thymocyte globulin 
before transplantation. These results were obtained with 
a new lymphoma-directed myeloablative conditioning 

regimen combining fl udarabine, busulfan, and 
cyclophosphamide. We chose to use fl udarabine because 
of its lymphotoxicity and its compatibility with busulfan 
and cyclophosphamide.28,29 We reduced busulfan to 75% 
of the dose originally described28 because we expected 
that patients who had received high doses of cytotoxic 
drugs within short periods before conditioning were at 
high risk of veno-occlusive disease of the liver.30 We 
recorded two fatal cases of veno-occlusive disease both in 
patients not given prophylaxis with defi brotide. Because 
defi brotide was used at the discretion of investigators, we 
were unable to analyse if and to what extent defi brotide 
contributed to the low incidence of veno-occlusive 
disease.

It has repeatedly been claimed14,31 that the graft-versus-
lymphoma eff ect that develops after reduced-intensity 
conditioning would be suffi  cient to kill lymphoma cells 
while avoiding the unacceptable toxic eff ects of myelo-
ablative conditioning. However, most studies of patients 
with relapsed aggressive lymphoma treated with 
reduced-intensity conditioning and allogeneic stem-cell 

Control group 
(n=42)

Rituximab group
(n=42)

Grade 3–4 Grade 5 Grade 3–4 Grade 5

Abnormal haemoglobin concentration 41 0 40 0

Abnormal leucocyte concentration 41 0 41 0

Abnormal platelet concentration 42 0 41 0

Alopecia 42 0 42 0

Abnormal creatinine concentration 7 0 7 0

Abnormal bilirubin concentration 3 1 7 2

Abnormal aminotransferase concentration 3 0 4 0

Abnormal alkaline phosphatase concentration 1 0 0 0

Hyperglycaemia 5 0 0 0

Nausea 5 0 3 0

Diarrhoea 5 0 3 0

Stomatitis 2 0 2 0

Gastritis or ulcer 2 0 1 0

Mucositis 2 0 2 0

Hypotension 1 0 1 0

Thrombosis 0 0 1 0

Oedema 6 0 5 0

Dyspnoea 3 0 2 0

Pneumonia 1 9 1 10

Dysuria 0 0 1 0

Sensory nervous system events 0 0 4 0

Abnormal motor activity 8 0 8 0

Disturbed consciousness 1 0 4 0

Cushing’s syndrome 1 0 1 0

Sicca syndrome 7 0 0 0

Loss of appetite 1 0 2 0

Bleeding 1 0 1 0

Infection 32 7 25 4

Table 3: Severe adverse events and adverse events grade 3 or higher reported by more than 10% of  
patients according to common toxicity criteria
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transplantation included very few patients with 
refractory or otherwise poor-risk disease. Outcomes for 
patients with such disease were poor because of high 
relapse rates and surprisingly high non-relapse 
mortality.10–13,32,33 We therefore postulated that in otherwise 
chemotherapy-refractory patients a conditioning 
regimen with alternative drugs with strong anti-
lymphoma activity would be necessary to debulk the 
tumour and enable donor T cells to quickly multiply to 
reach a favourable eff ector-to-target cell ratio and exert a 
clinically signifi cant graft-versus-lymphoma eff ect. Proof 

that patients with relapsed or refractory aggressive 
lymphoma benefi t from myeloablative conditioning 
would need a randomised comparison with reduced-
intensity conditioning, which has not been reported so 
far. In view of our poor results with in-vitro T-cell 
depletion from an earlier study15 and to promote the 
development of an early graft-versus-lymphoma eff ect, 
we initially discouraged the use of anti-thymocyte 
globulin for graft-versus-host disease prophylaxis. This 
approach led to unacceptable high incidences of severe 
graft-versus-host disease and non-relapse mortality for 
patients with other than matched family donors and 
therefore was abandoned after an interim analysis. Non-
relapse mortality mostly consisted of uncontrolled 
infections in patiens with graft-versus-host disease. 
Administration of anti-thymocyte globulin for all 
patients with unrelated and mismatched donor 
transplants34,35 lowered incidences of graft-versus-host 
disease and non-relapse mortality, leading to signifi cantly 
improved progression-free survival and overall survival; 
relapse rates remained unchanged (data not shown).

Successful matching of recipient and donor is a 
prerequisite of successful allogeneic stem-cell trans-
plantation. A seven of eight donor–recipient match was 
acceptable when this study began in 2004, but standards 
have since changed to requiring a ten loci high-
resolution match.36 According to current treatment 
standards, a high proportion of our patients received 
grafts from mismatched donors, which was associated 
with a high incidence of severe acute graft-versus-host 
disease, negatively aff ecting non-relapse mortality, 
progression-free survival, and overall survival. Finding a 
ten of ten HLA-compatible donor is feasible in about 
80% of patients in general. Thus, the favourable results 
of fully matched donor–recipient pairs should apply to 
the vast majority of patients in need of an allogeneic 
transplant in 2014.

When considering the entire patient population, our 
results compare favourably with historical results of 
high-dose treatment and autologous transplantation, 
which is still considered standard treatment for patients 
with relapsed aggressive lymphoma. However, the 
CORAL study5 showed that high-dose treatment and 
autologous transplantation results in survival at 3 years 
of less than 20% for patients with early relapse or primary 
refractory disease. We therefore recommend an 
immediate search for donors for young patients with 
early relapse or primary refractory disease and to not 
postpone the search to when high-dose treatment and 
autologous transplantation has failed. Since our study 
started, new drugs to specifi cally treat relapsed B-cell or 
T-cell lymphoma have become available.37–40 Targeted 
treatments such as ibrutinib or antibody–drug conjugates 
such as brentuximab vedotin might be especially helpful 
to bring more patients to transplantation. However, none 
of these drugs alone or in combination with 
chemotherapy have been compared with an established 

Panel: Research in context

Systematic review
We searched Medline from Jan 1, 2000, to March 1, 2014, 
with the terms “allogeneic stem cell transplantation” and 
“aggressive lymphoma or aggressive B-cell lymphoma or 
diff use large B cell lymphoma”, limited to “clinical trials”. To 
the best of our knowledge, our study is the only prospective 
study that reports the results of myeloablative conditioning 
followed by allogeneic stem-cell transplantation for 
aggressive lymphoma. One other prospective trial26 including 
patients with aggressive lymphoma reported results of 
reduced intensity conditioning (fl udarabine, thiotepa, 
cyclophosphamide). For patients with chemosensitive 
disease, the overall results with reduced-intensity 
conditioning were satisfactory and similar to ours; only 
14 patients had refractory aggressive lymphoma and no 
results for this subgroup were given. However, the results 
from this study cannot really be compared with ours because 
all their patients were transplanted from HLA fully matched 
or one-locus mismatched family donors whereas we used 
matched or mismatched unrelated donors in most cases. 
Furthermore, the studies included patients with diff erent 
histological subtypes. With respect to the use of rituximab to 
prevent graft-versus-host disease, we searched Medline with 
the term “rituximab and GVHD”, limited to “clinical trials”. 
We identifi ed two non-randomised clinical studies25,27 of 
post-transplant rituximab for prophylaxis of graft-versus-
host disease. Both studies report reduction of graft-versus-
host disease with rituximab compared with historical 
controls. These studies used diff erent schedules for rituximab, 
had other endpoints (chronic graft-versus-host disease only), 
and report on patients with diseases other than aggressive 
lymphoma who had other standard graft-versus-host disease 
prophylaxis.

Interpretation
Myeloablative conditioning followed by allogeneic stem-cell 
transplantation gives excellent results in high-risk relapsed or 
refractory aggressive non-Hodgkin lymphoma, particularly if 
an HLA fully matched donor is available and is a promising 
alternative to high-dose treatment and autologous 
transplantation. We found no evidence that prophylactic 
post-transplantation rituximab was eff ective.
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chemotherapy regimen in a controlled trial and long-
term eff ects have not yet been reported.

Our fi ndings suggest that allogeneic stem-cell 
transplantation should have a more prominent role in 
the treatment of patients with relapsed aggressive 
lymphoma. For patients with a fully matched, HLA-
identical donor, lymphoma-directed myeloablative con-
ditioning combined with graft-versus-host disease 
prophylaxis including anti-thymocyte globulin is eff ective 
and could replace autologous stem-cell trans plantation 
as standard treatment. We intend to compare the two 
treatments in randomised trials.
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