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ABSTRACT 
UNFOLDER (NCT00278408, EUDRACT 2005-005218-19) is a phase-3 trial in patients with aggressive B-cell lymphoma and intermediate 
prognosis, including primary mediastinal B-cell lymphoma (PMBCL). In a 2 × 2 factorial design, patients were randomized to 6× R-CHOP-14 
or R-CHOP-21 (rituximab, cyclophosphamide, doxorubicin, vincristine, and prediso(lo)ne) and to consolidation radiotherapy to extralym-
phatic/bulky disease or observation. Response was assessed according to the standardized criteria from 1999, which did not include F-18 
fluordesoxyglucose positron emission tomography/computed tomography (FDG-PET) scans. Primary end point was event-free survival 
(EFS). A subgroup of 131 patients with PMBCLs was included (median age, 34 y; 54% female, 79% elevated lactate dehydrogenase 
(LDH), 20% LDH >2× upper limit of normal [ULN], and 24% extralymphatic involvement). Eighty-two (R-CHOP-21: 43 and R-CHOP-14: 39) 
patients were assigned to radiotherapy and 49 (R-CHOP-21: 27, R-CHOP-14: 22) to observation. The 3-year EFS was superior in radio-
therapy arm (94% [95% confidence interval (CI), 89-99] versus 78% [95% CI, 66-89]; P = 0.0069), due to a lower rate of partial responses 
(PRs) (2% versus 10%). PR triggered additional treatment, mostly radiotherapy (n = 5; PR: 4; complete response/unconfirmed complete 
response: 1). No significant differences were observed in progression-free survival (PFS) (95% [95% CI, 90-100] versus 90% [95% CI, 
81-98]; P = 0.25) nor in overall survival (OS) (98% [95% CI, 94-100] versus 96% [95% CI, 90-100]; P = 0.64). Comparing R-CHOP-14 and 
R-CHOP-21, EFS, PFS, and OS were not different. A prognostic marker for adverse outcome was elevated LDH >2× ULN (EFS: P = 0.016; 
PFS: P = 0.0049; OS: P = 0.0014). With the limitation of a pre-PET-era trial, the results suggest a benefit of radiotherapy only for patients 
responding to R-CHOP with PR. PMBCL treated with R-CHOP have a favorable prognosis with a 3-year OS of 97%.
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INTRODUCTION

Primary mediastinal B-cell lymphoma (PMBCL) is a dis-
tinct entity of aggressive lymphoma, which typically presents 
as a bulky anterior mediastinal mass in young patients with a 
female predominance.1 PMBCL cells typically lack expression 
of sIg, but commonly show a weak co-expression of CD30. 
Biologically activated NF-kB- and JAK2-pathways, for exam-
ple, by gain of 9p24 are a hallmark of PMBCL together with 
frequent loss of functional HLA-II complexes.2 It has been 
described that these differences in biology compared with 
classic, not otherwise specified diffuse large B-cell lymphoma 
(DLBCL NOS) is also accompanied by a different, more favor-
able prognosis with less common late relapses. Chemotherapy 
is based on the CHOP (cyclophosphamide, doxorubicin, vin-
cristine, and prednisone) or more intensive regimens such as 
MACOP-B (methotrexate with leucovorin rescue, doxorubi-
cin, cyclophosphamide, vincristine, prednisone, and bleomy-
cin), with a major benefit due to addition of immunotherapy 
with rituximab (R).3,4 A potential benefit of densification by a 
biweekly application of R-CHOP was raised by an exploratory 
analysis of 50 patients with PMBCL included in the phase-III 
UK NCRI R-CHOP-14 versus -21 trial, where a trend to a bet-
ter progression-free survival (PFS) and overall survival (OS) 
was detected after R-CHOP-14.5

Given the favorable course described for PMBCL and the 
potential long-term side effects of mediastinal radiotherapy, 
its role is also controversial. A very good outcome has been 
reported in a phase-II trial for an intensified, modified CHOP-
like regimen with dose-adjusted EPOCH-R (dose-adjusted 
treatment: etoposide, prednisone, vincristine, cyclophospha-
mide, doxorubicin, and rituximab) alone.6 Moreover, since the 
conception of the UNFOLDER trial the diagnostic standards 
changed - nowadays F-18 fluordesoxyglucose positron emission 
tomography/computed tomography (FDG-PET/CT) is included 
for initial and final staging. Also potential therapeutic options 
for relapsed/refractory (r/r) PMBCL have increased for instance 
by promising results of the combination of brentuximab vedotin 
and nivolumab, and particularly of chimeric antigen receptor 
(CAR) T-cells.7–12

Here, we analyzed 131 patients with PMBCL treated within 
the prospective randomized phase-III UNFOLDER trial. 
Patients with bulky or extralymphatic disease were randomized 
in a 2 × 2 factorial design to receive either 6× R-CHOP-21 versus 
6× R-CHOP-14 (chemotherapy comparison) and to radiother-
apy to bulk or extralymphatic sites versus observation (radio-
therapy comparison).

METHODS

Patients
The evaluation reported here is a planned subgroup analy-

sis encompassing the PMBCL patients within the UNFOLDER 
trial. The UNFOLDER trial is a 2 × 2 factorial design, interna-
tional, phase-III trial from 148 clinical sites in Denmark, Israel, 
Italy, and Germany. It was coordinated by the German High-
grade Non-Hodgkin’s Lymphoma Study Group, which is now 
part of the German Lymphoma Alliance. The study was con-
ducted in accordance with the Helsinki declaration. The proto-
col and its amendments were approved by the ethics committee 
of each participating center. Additional information about trial 
oversight and amendments is provided in the Suppl. Tables 
S1-S2.

Patients between 18 and 60 years of age were eligible for 
randomization if they presented with previously untreated 
aggressive B-cell lymphoma according to the World Health 
Organization (WHO) classification (3rd edition, 2001 and 4th 
edition, 2008) and if they had 1 risk factor according to the 
age-adjusted International Prognostic Index (aaIPI) (lactate 
dehydrogenase [LDH] above the upper limit of normal [ULN], 

Eastern Cooperative Oncology Group [ECOG] performance 
status 2 or 3, or Ann Arbor stage III or IV), or no risk factor 
according to aaIPI but bulky disease (diameter of single or con-
glomerate tumor ≥7.5 cm). Patients with central nervous system 
(CNS) involvement were excluded. A complete list of exclusion 
criteria are provided in the protocol in the appendix.

Treatments
R-CHOP comprised rituximab (375 mg/m2), cyclophospha-

mide (750 mg/m2), doxorubicin (50 mg/m2), vincristine (1.4 mg/
m2 with a maximum total dose of 2 mg) administered on day 
1, plus oral prednisone/prednisolone (100 mg) administered on 
days 1–5. R-CHOP-14 was repeated every 2 weeks with man-
datory granulocyte colony-stimulating factor (G-CSF)-support, 
R-CHOP-21 every 3 weeks.

Patients qualifying for radiotherapy had bulky disease 
(≥7.5 cm) not surgically removed and/or extralymphatic involve-
ment amenable for radiotherapy. Involvements of the localiza-
tions were planned not to receive radiotherapy: bone marrow, 
lung, liver, kidney, small intestine, colon, ascites, pericardial, and 
pleural effusions. Radiotherapy was administered at a total dose 
of 39.6 Gy involved-field with 1.8 Gy/fraction 5 times a week. 
Radiotherapy should be started 2–6 weeks after the last cycle of 
chemotherapy. A radiotherapy review panel performed quality 
control. Initial staging images the radiotherapy plan and verifi-
cation images evaluated.

Response assessment and end points
Response was assessed according to the International 

Workshop to Standardize Response Criteria for Non-Hodgkin’s 
Lymphomas published in 1999.13 Responding patients with 
residual masses were assessed as unconfirmed complete response 
(CRu) (residual lymphoma regressed by >75% in the sum of 
the product of greatest diameters [SPD]) or partial response 
(PR) (residual lymphoma regressed by ≥50% in SPD). PR also 
indicated the need for additional treatment indicated by vital 
lymphoma in biopsy or by the judgement of the investigator. 
Final response was assessed 2 weeks after the start of sixth cycle 
of R-CHOP in the observation arm. Patients with CRu/PR as 
demonstrated by restaging after completion of immuno-chemo-
therapy received a confirmation of remission 4 weeks thereafter. 
Final response was assessed after end of radiotherapy simulta-
neously with first follow-up in the radiotherapy arm. First fol-
low-up examination was done 3 months after the restaging after 
6 cycles of R-CHOP.

Event-free survival (EFS) was the primary end point, defined 
as the time from randomization until one of the following events 
had occurred: progression during therapy, no change, termina-
tion of therapy due to toxicity without complete response (CR)/
CRu, no CR/CRu at the end of study treatment, relapse after 
CR/CRu, death from any cause, or application of additional 
treatment, whichever came first. Radiotherapy as additional 
treatment was not counted as an event in patients of the obser-
vation arm who received radiotherapy due to the results of the 
interim analysis. In these patients, response assessment was per-
formed after radiotherapy. Key secondary end points were PFS, 
defined as the date from randomization to disease progression, 
relapse, or any cause of death and OS defined as the time from 
randomization to death of any cause.

Other secondary end points were rate of CRs and pro-
gressive disease, relapse patterns (relapse in regions treated 
with radiotherapy, relapse in primarily involved regions, and 
in not primarily involved regions), safety (adverse events, 
serious adverse events, rate of secondary neoplasia, selected 
laboratory parameters, including leucocytes, thrombocytes, 
and hemoglobin), adherence to protocol (duration of cycles, 
cumulative dose, and dose intensity), and health-economic 
aspects (using the cumulative dose of chemotherapy drugs and 
rituximab).
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For patients qualifying for radiotherapy, an as-treated anal-
ysis was performed for PFS and OS. Patients who were ran-
domized in observation arms, but received radiotherapy were 
analyzed in radiotherapy arms.

Statistical analysis
Here we report a planned subgroup analysis of patients 

presenting with PMBCL within the UNFOLDER trial. The 
UNFOLDER trial was planned for patients qualifying for 
radiotherapy in a 2 × 2 factorial design to show potential dif-
ferences in comparison of chemotherapy dose-densification (6× 
R-CHOP-14 versus 6× R-CHOP-21) and in the impact of radio-
therapy application to bulky disease and/or extralymphatic 
involvement (6× R-CHOP-21/14 with radiotherapy versus 6× 
R-CHOP-21/14 observation).

Randomization was done before the start of R-CHOP using 
the Pocock minimization algorithm with a random component 
after stratification for centers, serum lactate dehydrogenase 
(normal versus elevated), stage (Ann Arbor stage I, II versus 
III, IV), ECOG performance status (0.1 versus 2.3), bulky dis-
ease (no versus yes), and extralymphatic sites (no versus yes). 
Randomization was performed at a ratio of 1:1:1:1 in the 
following treatment arms: 6× R-CHOP–21+ radiotherapy, 
or 6× R-CHOP-14+ radiotherapy or only 6× R-CHOP–21 or 
6× R-CHOP-14. In addition, patients not qualifying for con-
solidation radiotherapy were randomized at a ratio of 1:1 to 
receive either 6× R-CHOP–21 or 6× R-CHOP-14. The com-
plete trial was powered to show a hazard ratio (HR) of 0.615 
or an improvement of 10% in the primary end point of 3-year 
EFS (71%–81%) for dose-densification and for radiotherapy. 
For more details, we refer to the separate publication of the 
UNFOLDER trial.14

A planned interim analysis was performed on July 1, 2012. 
In total 443 patients were evaluable for analysis, of whom 285 
were qualified and randomized to receive radiotherapy. In this 
analysis, the predefined formal criterion of discontinuation was 
fulfilled, because EFS of the 139 patients randomized to receive 
radiotherapy was significantly better compared with those ran-
domized into the observational arm, with a P-value of 0.004 in 
favor of the radiotherapy arm, thus meeting the alpha spend-
ing function of P = 0.008. The Data and Safety Monitoring 
Committee (DSMC) and recommended July 31, 2012 to close 
the 2 treatment arms (R-CHOP-21 and R-CHOP-14) without 
radiotherapy and to continue both arms with radiotherapy 
(R-CHOP-21 with radiotherapy and R-CHOP-14 with radio-
therapy) as planned. For more details, we refer to the separate 
publication of the UNFOLDER trial.14

Characteristics of patients were compared by χ2 tests and, 
if necessary, by Fisher exact tests. Treatment duration and dose 
reductions were assessed using a Kaplan-Meier like estimator.15 
Response and relapse rates were presented with 95% confi-
dence intervals (CIs). Dose-densification (14 versus 21 days) and 
radiotherapy (radiotherapy versus observation) were analyzed 
for EFS, PFS, and OS using Kaplan-Meier plots and log-rank 
tests. Multivariable Cox regression models adjusted for strata 
were performed (LDH, stage, and extralymphatic involvement). 
Hazard ratios with 95% CI were presented. The significance 
level was 2-sided at 0.05. Statistical analyses were done with 
SPSS (version 24/25/26/28). LT, MZ, ML, VP, and GH had full 
access to all the data in the study and final responsibility for the 
decision to submit for publication.

RESULTS

From January 02, 2006 to November 16, 2015, a total of 
700 patients were enrolled in the UNFOLDER trial, and 467 
patients (median age, 44 y, male: 56%, aaIPI of 1: 79%, 131 
with PMBCL) were qualified for radiotherapy defined by ini-
tial bulky disease and/or extralymphatic involvement. Five 

additional PMBCL patients did not qualify for radiotherapy (no 
bulky disease ≥7.5 cm and no extralymphatic involvement [n = 
4], bulk surgically removed and no extralymphatic involvement 
[n = 1]) and were excluded from this analysis (Suppl. Figure S1). 
None of these patients had an EFS, PFS, or OS event after 6× 
R-CHOP-21 (n = 2) or 6× R-CHOP-14 (n = 3).

Here we report on 131 patients diagnosed with PMBCL qual-
ifying for radiotherapy. Totally 82 patients (R-CHOP-21: 43 
and R-CHOP-14: 39) were randomly assigned to receive radio-
therapy and 49 patients (R-CHOP-21: 27 and R-CHOP-14: 
22) were assigned to observation without radiotherapy. The 
imbalance was due to the decision of the DSMC to close the 
2 treatment arms (R-CHOP-21 and R-CHOP-14) without 
radiotherapy as a consequence of the interim analysis described 
earlier.

Baseline characteristics were balanced between treatment 
arms (Table 1). The PMBCL patients were young with a median 
age of 34 years. They were initially staged aaIPI 0 with bulk 
or aaIPI 1 by the treating physicians and entered into the trial 
accordingly. During data cleaning, the staging was later cor-
rected to aaIPI 2 for 2 patients. Seventy-nine percent of the 
patients had LDH above the ULN and 20% twice above the 
ULN. More than half of the patients (56%) had bulk localiza-
tions with a diameter exceeding 10 cm. However, there was a 
significant difference in the characteristics of patients with 
PMBCL compared with the other entities of aggressive lym-
phoma included in the UNFOLDER trial. Patients with PMBCL 
were more often female (54% versus 40%; P = 0.0061), typically 
younger (median age 34 versus 49 years; P < 0.0001), presented 
more often with LDH above the upper normal value (79% ver-
sus 32%; P < 0.0001), bulky disease (99% versus 68%; P < 
0.0001), B symptoms (35% vs 22%; P = 0.0027), and less often 
with advanced stage III or IV (8% versus 46%; P < 0.0001) and 
extralymphatic involvement (24% versus 63%; P < 0.0001). No 
differences were observed in prognostic presentation according 
to the aaIPI. Similar results emerged when comparing PMBCL 
not only to patients qualifying for radiotherapy but also to all 
patients included in the trial (Suppl. Table S3).

Extralymphatic involvements were typically close to the 
bulky mediastinal mass affecting the lung, pleura, pericard, thy-
roid gland, and soft tissue (Suppl. Table S4).

After a median follow-up of 5.5 years, the 3 years event 
rates were 88% for EFS (95% CI, 82-93), 93% for PFS (95% 
CI, 89-97), and 97% for OS (95% CI, 94-100) (Figure  1). 
Importantly, no events were observed later than 20 months with 
median times of observation exceeding 5 years. In total only 4 
patients died, 3 tumor-related and 1 due to concomitant disease 
(Suppl. Table S5).

When comparing patients with regard to consolidative 
radiotherapy or observation, differences in response rates were 
observed. The rate of CR/CRu was 94% (77/82) versus 84% 
(41/49), rate of PR was 2% (2/82) versus 10% (5/49) in the 
radiotherapy arm versus observation arm, respectively (Suppl. 
Table S6). EFS was superior in patients assigned to receive 
radiotherapy with 3-year EFS rates being 94% ([95% CI, 89-99] 
versus 78% [95% CI, 66-89]; P = 0.0069) in observation arm 
(Figure 2A). These differences, however, did not translate into 
significant different PFS or OS rates. The 3-year PFS of patients 
assigned to revive radiotherapy versus observation was not sig-
nificantly different (95% [95% CI, 90-100] versus 90% [95% 
CI, 81-98]; P = 0.25). Also 3-year OS (98% [95% CI, 94-100] 
versus 96% [95% CI, 90-100]; P = 0.64) was not different 
(Figure 2B and 2C). When comparing patients with regard to 
dose-densification, EFS, PFS, and OS after R-CHOP-14 and 
R-CHOP-21 were not different between patients receiving ther-
apy at 2- or 3-week intervals (Figure 2D–2F). These results were 
also confirmed in multivariable analyses adjusted for the strata. 
Adherence to dose-densification and dose delivery was strict 
in all arms with only minor deviations from protocol (Suppl. 
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Figure S2A-S2C). The acute toxicity was very similar in the 
treatment arms (Suppl. Table S7).

These results were also confirmed in multivariable analyses 
adjusted for the strata.

Analyzing EFS, PFS, and OS in all 4 arms separately revealed 
a very similar pattern (Suppl. Figure S3A-S3C). In this explor-
atory analysis, EFS of the R-CHOP-21 observation arm was sig-
nificantly inferior compared with both arms with radiotherapy, 
R-CHOP-21 + radiotherapy and R-CHOP-14 + radiotherapy, 
respectively (Suppl. Table S8). However, no difference in PFS 
nor OS was observed between the 4 arms.

Of 118 patients achieving a CR/CRu, 3 patients relapsed, 
all of them were in the R-CHOP-21 observation arm and one 
of these patients died after allogeneic stem cell transplantation 
(SCT) (Table 2 and Suppl. Table S5).

Protocol adherence in the radiotherapy arms was high. 
Patients randomized to the observation arm did not actually 
receive radiotherapy except for last 2 patients recruited, who 
received radiotherapy after the decision of the DSMC to close 
the 2 treatment arms (R-CHOP-21 and R-CHOP-14) without 
radiotherapy as a consequence of the interim analysis described 
above; 76 of 82 (93%) patients randomized in the radiother-
apy arms received radiotherapy according to the protocol. 
Six patients did not receive radiotherapy as planned, 1 due to 
patient’s wish, 3 due to insufficient response, 1 due to excessive 
toxicity, and 1 due to protocol violation, respectively (Table 3).

However, physicians observed an CRu or a PR at the end of 
the planned treatment in 5 patients treated within the obser-
vation arms and subsequently decided to administer radiother-
apy to these patients. Applied radiotherapy was subsequently 
counted as an EFS-event. These patients were then restaged as 
CR after completion of radiotherapy (Table 2).

Seven patients in the observation arms received consolidative 
radiotherapy. Within the R-CHOP-21 arm, 3 patients received 
radiotherapy after achieving a partial remission, 1 patient after 
a CR/CRu, and 1 patient after the decision of the DSMC to close 
the 2 treatment arms (R-CHOP-21 and R-CHOP-14) without 
radiotherapy as a consequence of the interim analysis described 
earlier. Within the R-CHOP-14 arm, 1 patient each received 
radiotherapy after achieving a PR and 1 patient after the deci-
sion of the DSMC to close the 2 treatment arms (R-CHOP-21 
and R-CHOP-14) without radiotherapy as a consequence of 
the interim analysis described above. In a post hoc as-treated 
analysis, these patients were analyzed within the radiother-
apy arm. The 3-year PFS with radiotherapy was slightly but 

not significantly better in comparison to observation without 
radiotherapy (96% [95% CI, 91-100] versus 88% [95% CI, 
78-98]; P = 0.12; Suppl. Figure S4A). OS was not different in 
the as-treated analysis (P = 0.47) (Suppl. Figure S4B).

In 76 patients who received radiotherapy as randomized tox-
icity was moderate (Suppl. Table S9). Oesophagitis/dysphagia 
common toxicity criteria (CTC) grade 3 or 4 in 6% was the only 
relevant observed local toxicity. Hematological toxicities grade 
3 or 4 were seen in 7% patients for leukocytopenia and for 1 
patient in thrombocytopenia. Cardiac long-term toxicities (eg, 
coronary heart diseases) have not been observed.

Among the 131 patients, only 2 developed a secondary neo-
plasia so far. Both patients were in the R-CHOP-21 arm with 
additional radiotherapy. One was a 45-year-old patient with 
prostate cancer occurring 3 years after randomization and 1 a 
49-year-old male patient with tonsillar carcinoma diagnosed 1 
year after randomization.

Among the 20 patients with aaIPI 0, no EFS, PFS, or OS event 
was observed, that is, all these values were 100% for over 5 
years. All EFS (n = 16), PFS (n = 9), or OS events (n = 4) observed 
occurred among patients with aaIPI 1 (n = 109) or aaIPI 2 (n = 
2) within a period of 20 months after randomization.

LDH is one of the prognostic factors considered in the aaIPI 
score. At staging, LDH was elevated above ULN in 79% of the 
patients (Table 1). This was the major contributor to the clas-
sifications of patients to aaIPI 1 (101 from 109 patient [93%]), 
whereas only 8 [7%] were classified as aaIPI 1 due to the pre-
sentation with Ann Arbor stage III/IV. In patients with aaIPI 1 
and LDH values twice above the ULN was associated with a 
significant inferior EFS, PFS, and OS (Figure 3A–3C).

DISCUSSION

The PMBCL cohort analyzed here is unique by its num-
ber and by its nature as a prospective and randomized sub-
group within a clinical trial. The patients with PMBCL treated 
within the UNFOLDER trial had an excellent prognosis with 
6× R-CHOP. Of 131 randomized for R-CHOP-14 versus 21 
and for radiotherapy versus omission of radiotherapy, only 4 
patients died (5.5 y median time of observation) resulting in 
an OS of 97% after 3 years. The PFS was 93% after 3 years 
with no relapses observed thereafter. This observed absence of 
late relapses is consistent with previous studies.4 The excellent 
outcome is remarkable. First, the trial was a multicenter study 
recruiting in 4 different countries, which minimizes the risk 
for positively selecting patients with a better prognosis, possi-
bly inherent in single-center studies. Second, 79% of patients 
presented with elevated LDH, an adverse prognostic factor of 
the International Prognostic Index, which reliably separates 
patients into distinct prognostic subgroups.16,17 The results 
imply a more pronounced sensitivity to immuno-chemother-
apy of PMBCLs compared with other aggressive B-cell Non-
Hodgkin lymphoma, probably due to the particularly different 
lymphoma biology.2,18–22

As seen in previous trials, an elevated LDH is a frequent find-
ing in PMBCL, but plays apparently a minor prognostic role 
here.23 However, LDH increased twice above the ULN has been 
proposed in previous studies as a more meaningful negative 
prognostic marker for PMBCL.24

Our results reveal no differences in outcome and toxicity 
between 6× R-CHOP-14 and 6× R-CHOP-21 among PMBCL. 
We could not confirm an exploratory subgroup analysis of 
the UK NCRI R-CHOP-21, which demonstrated a nonsignif-
icant trend to better PFS and OS in 50 patients with PMBCL 
treated with R-CHOP-14 prospectively.25 Neither do our 
results support a retrospective analysis of the Lymphoma Study 
Association (LYSA), which demonstrated inferior PFS and OS of 
R-CHOP-21 compared with R-CHOP-14 or ACVBP.26 Rather, 
the results are in concordance with the overall outcome on the 
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Figure 1. Event-free, progression-free, and overall survival. Graph 
shows EFS, PFS, and OS for all PMBCL patients (n = 131). EFS = event-free 
survival; OS = overall survival; PFS = progression-free survival; PMBCL = primary mediastinal 
B-cell lymphoma. 
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chemotherapy comparison in the UNFOLDER trial. Hence, we 
conclude that the choice of 6× R-CHOP-14 or 6× R-CHOP-21 
is equally justified for PMBCL. However, this conclusion is 
somehow limited by the exclusion of patients with aaIPI >1. In 
addition, our results might advocate a different approach for 
patients with LDH increased twice above the ULN. Whether 
DA-EPOCH-R, which provided excellent results in phase-II 

study of 51 patients, is superior compared with R-CHOP is dif-
ficult to answer in the absence of a randomized trial.

The UNFOLDER trial, well-balanced for baseline character-
istics, shows the clear advantages of its randomized and pro-
spective nature. In a retrospective study of the LYSA described 
outcome after the first-line treatment. In the R-ACVBP and 
R-CHOP-14 cohorts, 27.3% and 38.2% were treated with 
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Figure 2. Event-free, progression-free, and overall survival according to the therapy arm. Graphs show event-free (A), progression-free (B), and overall 
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consolidative ASCT compared with 1.8% in the R-CHOP-21 
cohort, and there were also more consolidating radiotherapies 
in patients treated with R-CHOP-14 (21.1%) compared with 
the R-CHOP-21 (3.5%).26 These represent clear biases of ret-
rospective analyses, which are not present in the UNFOLDER 
PMBCL subgroup analysis.

Regarding consolidative radiotherapy patients assigned to 
observation only had a significant inferior EFS. Based on the 
CT-scans, physicians classified their response after the end of the 
planned treatment more frequently as a PR than in the treatment 
arm with radiotherapy. The majority of patients judged as PR 
after chemotherapy were then treated with additional radiother-
apy. Likewise, there were relapses after CRu, which were treated 
with radiotherapy. Due to these response-adapted radiotherapy, 
4 of 4 PRs in the observation arm and 1 of 3 relapses were con-
verted into CR (Table 2). As a result of this practice, the PFS and 
OS was not significantly different in both treatment arms.

The very favorable outcome of PMBCL to R-CHOP treatment 
or similar regimens suggests that radiotherapy seems not to be 
required to all patients.6 Indeed, the majority of patients allocated 
to the observation arm were in a continuous remission without 
any radiotherapy as indicated by an EFS of 78% after 3 years. 
Thus, radiotherapy might be spared to patients achieving a CR 
after a R-CHOP-based regimen. This hypothesis is investigated 
currently in the ongoing International Extranodal Lymphoma 

Study Group 37 (IELSG-37) trial, assessing the role of radiother-
apy in patients achieving a PET-negative CR (ClinicalTrials.gov 
Identifier: NCT01599559). However, our results suggest a benefit 
of radiotherapy for those patients who are responding poorly.

As progressive disease and relapses occur early, radiotherapy 
should already be applied to poor responders as part of the first-line 
therapy. However, this decision could possibly be limited to FDG-
PET-positive residuals. A registry study from British Columbia 
comes to a similar conclusion. FDG-PET after R-CHOP was used 
to guide radiotherapy and only those with a PET-positive scan 
defined as Deauville score 4–5 received radiotherapy. Before the 
availability of FDG-PET in 2005, all patients with PMBCL were 
recommended to receive radiotherapy. Time to progression and 
OS were similar across the 2 treatment eras. However, the PET-
adapted approach reduced radiotherapy in the majority with only 
28% of patients receiving radiotherapy.27 Investigating radiother-
apy in PET-positive residual tumors in PMBCL in a randomized 
trial is warranted, ideally applying radiotherapy in a short inter-
val after the last cycle of chemotherapy.

Our results have several limitations. First, as stated earlier at 
the time the trial was designed and conducted, we had no access 
to routine FDG/PET-CT-scans and trial imaging was largely 
based on the CT-scans. FDG/PET examination in patients with 
CRu and PR after 6× R-CHOP would be a justified procedure to 
investigate the need of an additional consolidating radiotherapy.

Table 2

Events in PMBCL Patients

No. Therapy Arm 

Response

at the End of 
Treatment Further Therapy EFS Event PFS Event Further Therapy 

Survival Status; 

Survival Time 
(mo) 

1 R-CHOP-21 Partial response Radiotherapy Partial response at the end of 
study therapy

No  Alive (135 mo)

2 R-CHOP-21 Partial response Radiotherapy Partial response at the end of 
study therapy

No  Alive (109 mo)

3 R-CHOP-21 CR/CRu +addi-
tional treatment

Radiotherapy Application of additional 
treatment

No  Alive (120 mo)

4 R-CHOP-21 Progressive 
disease

 progressive disease Progressive 
disease

Autologous stem cell transplantation Alive (113 mo)

5 R-CHOP-21 CR/CRu  Relapse Relapse Radiotherapy Alive (94 mo)
6 R-CHOP-21 CR/CRu  Relapse Relapse Autologous stem cell transplantation 

+radiotherapy
Alive (87 mo)

7 R-CHOP-21 CR/CRu  Relapse Relapse Allogenic stem cell transplantation Death (20 mo)
8 R-CHOP-21 Partial response Radiotherapy Partial response at the end of 

study therapy
No  Alive (81 mo)

9 R-CHOP-14 Partial response Autologous stem 
cell transplantation 

+radiotherapy

Partial response at the end of 
study therapy

No  Alive (132 mo)

10 R-CHOP-14 Progressive 
disease

 Progressive disease Progressive 
disease

Burkitt protocol Death (18 mo)

11 R-CHOP-14 Partial response Radiotherapy Partial response at the end of 
study therapy

No  Alive (88 mo)

12 R-CHOP-21
+ radiotherapy

Partial response 2x R-CHOP+ 
radiotherapy

Partial response at the end of 
study therapy

Relapse Autologous stem cell transplantation Alive (134 mo)

13 R-CHOP-21
+ radiotherapy

Progressive 
disease

 Progressive disease Progressive 
disease

Autologous stem cell transplantation Death (10 mo)

14 R-CHOP-14
+ radiotherapy

Unknown Auto SCT + rituximab 
consolidation

Unknown response at the end 
of study therapy, application of 

additional treatment

No  Alive (107 mo)

15 R-CHOP-14
+ radiotherapy

Progressive 
disease

 Progressive disease Progressive 
disease

Autologous stem cell transplantation 
+radiotherapy, allogenic stem cell 

transplantation, lymphocytes

Alive (51 mo)

16 R-CHOP-14
+ radiotherapy

Partial response  Partial response at the end of 
study therapy

Progressive 
disease

Unknown Death (9 mo)

CR/CRu = complete response/unconfirmed complete response; EFS =event-free survival; PFS = progression-free survival; PMBCL = primary mediastinal B-cell lymphoma; R-CHOP = rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone; SCT = stem cell transplantation.
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Second, the trial arms are not equally large due to the deci-
sion to stop randomization for radiotherapy by the DSMC. 
Hence, the arms without radiotherapy were abandoned and 
radiotherapy was given to all bulky and extranodal sites for 

the remaining participants. This decision was based on the 
analysis of EFS as the primary end point. In this light, PFS 
has been proposed as the preferred end point in lymphoma 
clinical trials.28

Table 3

Protocol Adherence of Radiotherapy in PMBCL Patients

 

R-CHOP-21

(n = 27)

R-CHOP-14

(n = 22)

R-CHOP-21 +  
Radiotherapy

(n = 43)

R-CHOP-14 +  
Radiotherapy

(n=39)

Radiotherapy yes
  According to protocol - - 39 (91%) 37 (95%) 
  Due to interim analysisa 1 (4%) 1 (4%) - -
Radiotherapy no
  According to the protocol 26 (96%) 21 (95%) - -
  Insufficient response - - 2 (5%) 1 (3%)
  Excessive toxicity - - 1 (2%) -
  Protocol violation - - - 1 (3%)b

  Patients decision - - 1 (2%) -

aAfter interim analysis, the observation arms were closed and radiotherapy was performed also in the observation arms.
bChange of treatment to autologous stem cell transplantation after 4 cycles of R-CHOP.
PMBCL = primary mediastinal B-cell lymphoma; R-CHOP = rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone.
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Figure 3. Event-free, progression-free, and overall survival according to the LDH groups. Graphs show event-free (A), progression-free (B), and overall 
survival (C) according to the LDH groups (above twice above the ULN yes/no) for all PMBCL patients with aaIPI = 1 (n = 109). Univariate hazard ratios are pre-
sented for event-free survival and PFS. Due to the low number of events, hazard ratio for OS is not presented. LDH = lactate dehydrogenase; OS = overall survival; PFS 
= progression-free survival; PMBCL = primary mediastinal B-cell lymphoma; ULN = upper limit of normal. 
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Third, exclusion of patients with aaIPI >1 may have partially 
contributed to the excellent reported outcome.

Finally, in the meantime new potential therapeutic options for 
r/r PMBCL emerged, improving outcome of the relatively rare 
refractory or relapsed cases.7–9,11

However, the strength of this study is its phase-3 design. 
Randomized trials are providing the highest degree of scientific 
evidence about efficacy of a certain therapeutic strategy and are 
very scarce in defining the role of radiotherapy in aggressive 
lymphoma in the era of rituximab.

Despite the limitation in a pre-PET-era trial, in summary 
overall outcomes of PMBCL patients treated with R-CHOP are 
favorable with a 3 and 5 year OS of 97%. Radiotherapy does 
not seem to be required as routine treatment of these patients 
unless in case of PR or relapse, with results of prospective PET-
driven trials being awaited. Elevated LDH is a common feature 
in PMBCL but only prognostic, when elevated twice above the 
ULN. This finding might be an important baseline characteristic 
for identifying high-risk PMBCL for future trials.
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