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Abstract. The role of radiotherapy (RT) in the treatment of
primary mediastinal large B-cell lymphoma (PMLBCL)
is unclear. In the present study, a retrospective analysis of
63 patients with PMLBCL treated with or without RT was
performed to evaluate the role of RT. Clinical outcomes
were calculated using the Kaplan-Meier method and were
compared between patients who did and did not receive RT,
using the log-rank test. A multivariate analysis was performed
using Cox proportional hazards model. After chemotherapy,
35 patients received RT, and RT was found to be associated
with significantly improved 5-year overall survival (OS)
(87 vs. 58%; P=0.001) and 5-year progression-free survival
(PES) (75 vs. 39%; P=0.001) rates compared with patients
without RT. The subgroup analysis on 35 patients who
received rituximab plus chemotherapy showed that RT did not
improve the 5-year OS (88 vs. 92%; P=0.814) or the 5-year
PFS (78 vs. 65%; P=0.511) rates compared with patients
without RT. On multivariate analysis, RT and the addition of
rituximab were predictive of increased OS [RT: Hazard ratio
(HR), 0.157; P=0.018; rituximab: HR, 0.156; P=0.009] and
PFES (RT: HR 0.111, P=0.001; Rituximab: HR 0.231, P=0.002)
rates. However, the role of RT in PMLBCL in the rituximab
era is unclear. Further investigation of the role of RT in the era
of targeted therapy is required.

Introduction

Primary mediastinal large B-cell lymphoma (PMLBCL),
which originates from thymic B cells, was once recognized as a
distinctive clinical-pathological subtype of diffuse large B-cell
lymphoma (DLBCL) according to the World Health Organiza-
tion (WHO) in 2008 (1,2). PMLBCL affects young individuals,
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lymphoma,

with a female prevalence. Patients present with a bulky medias-
tinal mass, which is commonly associated with adjacent organ
infiltration and superior vena cava syndrome (3-5).

The optimal treatment for PMLBCL remains undefined.
The cyclophosphamide, doxorubicin, vincristine and pred-
nisone (CHOP) regimen is considered to be inferior to other
more intensive regimens (6-10), such as the methotrexate,
cytarabine, cyclophosphamide, vincristine, prednisone and
bleomycin regimen (MACOP-B), dose-dense regimens,
or even front-line consolidation high-dose therapy and
autologous stem cell transplantation. However, none of these
intensified approaches is now expected to provide results supe-
rior to those observed with rituximab plus CHOP (RCHOP).
Rituximab, as a monoclonal antibody, has revolutionized
the treatment of aggressive B-cell lymphomas (11,12). A
number of studies have confirmed that RCHOP improves the
outcome of PMLBCL patients (13-15). Although the majority
of patients initially respond to this therapeutic approach,
certain patients relapse and eventually succumb to the disease.
Therefore studies are currently focused on supplemental treat-
ments such as radiation therapy (RT). The issue of whether
the administration of RT after chemotherapy is beneficial to
patients with PMLBCL remains unresolved, particularly in
the rituximab era. Therefore, the present study summarized
the clinical data of 63 PMLBCL patients, who were treated
in affiliated hospitals (Xiangya hospital, The Second Xiangya
Hospital and the Affiliated Cancer Hospital of Xiangya School
of Medicine) of Central South University (Changsha, China)
between January 2000 and January 2013, in an attempt to
investigate the role of radiotherapy in PMLBCL.

Patients and methods

Patients. Patients with a histologically confirmed diagnosis of
PMLBCL who were treated in the affiliated hospitals (Xiangya
hospital, The Second Xiangya Hospital and the Affiliated
Cancer Hospital of Xiangya School of Medicine) of Central
South University between January 2000 and January 2013
were included in this analysis. The diagnosis of PMLBCL was
based on the WHO criteria (2). All the patients were previ-
ously untreated and recruited without a history of previous
malignant tumors, primary central nervous system involve-
ment, severe coincident illnesses, second primary tumors or a
positive human immunodeficiency virus status.
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Stage was defined according to the Ann Arbor staging
system (16). The International Prognostic Index (IPI) was also
evaluated (17). Bulky disease was defined as a mediastinal
mass >10 cm in diameter.

All patients included in the study completed 6-8 cycles of
CHOP or CHOP-like chemotherapy with or without rituximab.
All patients underwent imaging studies [positron emission
tomography-computed tomography (PET/CT) or CT] to assess
the response to chemotherapy (during and/or after comple-
tion of chemotherapy) (18). Treatment response was evaluated
based on the International Working Group Recommendations
for Response Criteria for Non-Hodgkin's Lymphoma, with
complete remission (CR), partial remission (PR), stable disease
(SD) and progressive disease (PD) statuses (19). At the comple-
tion of chemotherapy, involved field radiotherapy (IFRT) was
allowed, at the treating physician's discretion. It was assumed
that RT was more likely to be administered to patients with
previously bulky disease, and disease that failed to achieve CR
upon chemotherapy.

Statistical analysis. All statistical analyses were performed
using SPSS software (version 13.0; SPSS, Inc., Chicago,
IL, USA). The continuous characteristics, such as age, were
presented as the median/range and were compared with the
Wilcoxon rank-sum test. Other characteristics, including
gender, Ann Arbor stage, lactate dehydrogenase level, bulky
disease status, IPI score and chemotherapy regimen, were
counted as categorical variables and compared by % test or
Fisher's exact test.

The major endpoint of the analysis was overall survival
(OS) calculated from the date of diagnosis until the date of
mortality or final follow-up. Progress-free survival (PFS) was
defined as survival from the date of diagnosis until the date
of i) progression of disease, ii) relapse, iii) mortality from any
cause or iv) final follow-up.

A univariate analysis was performed using the
Kaplan-Meier method to assess 5-year OS and 5-year PFS.
Statistical differences between survival curves were evalu-
ated by log-rank test. Multivariate Cox proportional hazards
modeling was conducted using the enter selection technique.
In all tests, P<0.05 was used to indicate a significant differ-
ence. Hazard ratios (HRs) and their 95% confidence intervals
(CIs) were estimated to assess the magnitude of risk.

Results

Patients and treatment characteristics. A total of 82 patients
with a histologically confirmed diagnosis of PMLBCL who
were who were treated in the affiliated hospitals of Central
South University between January 2000 and January 2013
were identified. Among these, 19 patients were excluded, as
they did not have detailed treatment or follow-up informa-
tion and were referred only for a second opinion. A total of
63 patients were therefore included in the final analysis. The
clinical characteristics and a comparison between the patients
with RT and without RT are summarized in Table I. The cohort
consisted of 36 males and 27 females. The median age at diag-
nosis was 28 years (range, 12-78 years). According to the Ann
Arbor staging system, 36 patients were in stages I-11 (57.14%)
and 27 patients were in stages III-IV (42.86%). Bulky disease
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Figure 1. (A) Overall survival and (B) progression-free survival of all patients
treated with and without radiotherapy (RT).

was present in 28 patients (44.4%). The median follow-up time
was 49 months (range, 7-132 months).

All patients received 6-8 cycles of CHOP or a CHOP-like
regimen, with 35 patients (55.6%) receiving RCHOP.
Post-chemotherapy imaging consisted of PET/CT in 60.3% of
patients and CT in 39.7%. A CR was achieved in 38 patients
(60.3%), PR/SD in 18 (28.6%) and PD in 7 (11.1%).

A total of 35 patients who achieved CR or PR following
chemotherapy received IFRT to the mediastinum or medi-
astinum and supraclavicular area. The dosage of IFRT was
40-45 Gy with 6 MV X-rays. IFRT was delivered to 29 out
of 36 (80.6%) patients with stage I-II disease and 6 out of
27 (22.2%) patients with stage III-IV disease. Comparisons
between the characteristics of patients who received IFRT
and those who did not showed that the patients with bulky
disease and stage I-II disease received IFRT more frequently
(Table I).

Prognostic analysis. The 5-year OS and PFS rates for all
patients were 74 and 59%, respectively. RT was associated
with significantly improved 5-year OS (87 vs. 58%; P=0.001)
and 5-year PFS (75 vs. 39%; P=0.001) rates compared with the
patients without RT (Fig. 1).

The role of RT in the setting of R-CHOP chemotherapy
remains unclear. An analysis was performed on 35 patients
who received 6-8 cycles of R-CHOP separately, and it was
found that RT could not improve the 5-year OS (88 vs. 92%;
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Table I. Patient clinical characteristics and a comparison between patients with RT and without RT.
Variable Total RT No RT P-value
Total, n 63 (100.00) 35 (55.6) 28 (44.4) NA
Gender, n (%) 0.620
Male 36 (57.1) 21 (60.0) 15 (53.6)
Female 27 (42.9) 14 (40.0) 13 (46.4)
Age, n (%) 0.800
<30 years 34 (54.0) 18 (51.4) 16 (57.1)
>30 years 29 (46.0) 17 (48.6) 12 (42.9)
Median age (range), years 28 (12-78) 28 (15-67) 29 (12-78) 0.708
AA stage,n (%) 0.000*
I-11 36 (57.1) 29 (82.9) 7(25.0)
II-1v 27 (42.9) 6 (17.1) 21(75.0)
Bulky disease, n (%) 0.002°
No 35 (55.6) 13 (37.1) 22 (78.6)
Yes 28 (44 .4) 22 (62.9) 6 (214)
Treated with rituximab, n (%) 0.213
No 28 (44.4) 13 (37.1) 15 (53.6)
Yes 35 (55.6) 22 (62.9) 13 (46.4)
LDH, n (%) 0.136
<UNL 36 (57.1) 23 (65.7) 13 (42.4)
>UNL 27 (42.9) 12 (34.3) 15 (57.6)
IPL, n (%) 0.195
0-1 38 (60.3) 24 (68.6) 14 (50.0)
>2 25 (39.7) 11 (31.4) 14 (50.0)

‘P<0.05. RT, radiotherapy; AA stage, Ann Arbor stage; LDH, lactate dehydrogenase; UNL, upper normal limit; IPI, International Prognostic

Index.
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Figure 2. (A) Overall survival and (B) progression-free survival of patients treated with rituximab plus chemotherapy, with and without radiotherapy (RT).

P=0.814) and 5-year PFS (78 vs. 65%; P=0.511) rates compared
with patients without RT (Fig. 2).

An analysis was further performed on 56 patients who
achieved CR, PR or SD after chemotherapy. RT was associ-
ated with a significantly improved 5-year OS rate (87 vs. 69%;
P=0.022) and exhibited a trend towards an improved 5-year
PFS rate (75 vs. 52%; P=0.075) compared with patients without
RT (Fig. 3).

On univariate analysis of all patients, five factors, namely
stage, the addition of rituximab, treatment with RT, IPI score
and response to chemotherapy, were found to significantly
affect the OS and PFS rates (Table II).

On multivariate analysis, RT (HR, 0.157; P=0.018) and
the addition of rituximab to CHOP chemotherapy (HR, 0.156;
P=0.009) were predictive of an increased OS rate. Similarly,
RT (HR, 0.111; P=0.001) and the addition of rituximab to
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Table II. Univariate analysis of OS and PFS rates for all patients.

WANG et al: ROLE OF RT IN THE TREATMENT OF PMLBCL

Variable 5-year OS rate (%) P-value 5-year PFS rate (%) P-value

Total 74 59

Gender 0.852 0.934
Male 74 57
Female 74 63

Age, years 0471 0.447
<30 81 51
>30 70 66

AA stage 0.001* 0.012*
I-11 88 69
II-1v 57 50

Radiotherapy 0.001* 0.001*
No 58 39
Yes 87 75

Treated with rituximab 0.001* 0.000*
No 58 44 0.000*
Yes 88 74

Response 0.000*
CR 89 75
PR+SD 63 38
PD 21 0

Bulky disease 0.960 0.747
No 72 58
Yes 76 61

LDH 0.743 0.225
<UNL 74 61
>UNL 76 61

IPI 0.017* 0.023*
0-1 82 65
>2 63 52

“P<0.05. OS, overall survival; PFS, progression-free survival; AA stage, Ann Arbor stage; LDH, lactate dehydrogenase; UNL, upper normal
limit; IPI, International Prognostic Index; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

CHOP chemotherapy (HR,0.231; P=0.002) were predicative of
an increased PFS rate. Furthermore, there was a trend towards
adecreased PFS rate with bulky disease (HR, 2.994; P=0.058),
however, this was not statistically significant (Table III).

Discussion

The role of RT in PMLBCL is always controversial. In the
pre-rituximab era, numerous studies have evaluated the role
of RT. Data from a study on 138 PMLBCL patients who were
treated in 13 Italian institutions showed that IFRT plus chemo-
therapy improved the outcome compared with chemotherapy
alone (P=0.04), while consolidation IF-RT to the mediastinum
further improved the outcome of CR patients (8). A retrospec-
tive study on 53 PMLBCL patients treated with MACOP-B
(methotrexate, doxorubicin, cyclophosphamide, vincristine,
prednisone, bleomycin)/ VACOP-B (etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone, bleomycin) plus

RT from Padova, Italy, showed that the 5-year disease-free
survival and OS rates were 93.42 and 86.6%, respectively. A
total of 37.7% of the patients achieved a CR and 56.6% of the
patients achieved a PR after IFRT plus chemotherapy, while
92% of the patients who had already obtained a PR improved to
a CR following radiotherapy (20). Another retrospective study
conducted by a group from Rome, Italy, included 85 patients
with PMLBCL, all of whom received third-generation regimen
MACOP-B plus IFRT. Following a median follow-up time of
81 months, progression or relapse was observed in 15 out of
84 patients (17.9%). The 5-year OS and PFS rates were 87 and
81%, respectively. This study showed that MACOP-B and IFRT
induced high response and lymphoma-free survival rates (10).
In the present study, RT was associated with significantly
improved PFS and OS rates compared with patients without
RT, and furthermore, the analysis performed on patients who
achieved more than PD following chemotherapy showed that
RT was associated with a significantly improved 5-year OS
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Table III. Multivariate analysis for clinical outcomes.

Multivariate analysis

Factor HR 95% C1

P-value

oS
RT, yes 0.157 0.034-0.731 0.018*
Rituximab, yes 0.156 0.039-0.622 0.009*
Bulky, yes 1.634 0.432-6.177 0.469
AA stage 2.216 0.434-11.319 0.339
IPI 1.549 0.368-6.523 0.551

PFS
RT, yes 0.111 0.032-0.384 0.001*
Rituximab, yes 0.231 0.092-0.575 0.002*
Bulky, yes 2.994 0.963-9.313 0.058
AA stage 0.718 0.221-2.332 0.582
1PI 2.181 0.707-6.728 0.175

“P<0.05. HR, hazard ratio; OS, overall survival; AA stage, Ann Arbor
stage; IPI, International Prognostic Index.
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Figure 3. (A) Overall survival and (B) progression-free survival of 56 patients
who achieved a complete response, partial response or stable disease fol-
lowing chemotherapy, with and without radiotherapy (RT).

rate and exhibited a trend for an improved 5-year PFS rate,
which is similar to the results of the aforementioned studies.
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However, there are several studies that do not support
this view. A study from the University of British Columbia
consisting of 151 patients showed that when comparing the
eras prior to and following the routine administration of
radiotherapy, there was no significant difference in 5-year PFS
(74 vs. 62%; P=0.09) or OS (78 vs. 69%; P=0.14) rates (21).
Similarly, a study conducted in France suggested that by
comparing dose-intensified CHOP and CHOP plus RT, RT
may not be necessary in PMLBCL when a CR or a CR, uncon-
firmed, is achieved with dose-intensified chemotherapy (6).

Indeed, the aforementioned studies were all performed in
the era prior to rituximab treatment. Rituximab, as a cluster of
differentiation 20 antibody, has revolutionized the treatment of
aggressive B-cell lymphomas. The current National Compre-
hensive Cancer Network 2013 guidelines recommended
rituximab as the first-line treatment for PMLBCL. Rituximab
combined with chemotherapy has been confirmed to be very
effective and safe for PMLBCL in multiple studies (14,15,22),
and the superiority of certain intensive regimens over CHOP
for treatment of PMBCL disappeared once rituximab was
added (23).

However, several studies suggested that RCHOP was
associated with a high rate of primary refractory disease. A
study on 37 PMLBCL patients found that ~50% of PMBCL
patients showed residual disease on PET scan following
rituximab plus chemotherapy (24). A recent retrospective
study on 63 PMLBCL patients treated with RCHOP showed
that primary induction failure occurred in 13 (20.6%)
patients (25).

Furthermore, the question of whether IFRT is still
required for PMLBCL in the rituximab era has been raised.
In an attempt to clarify the role of RT under the current stan-
dard of care, a couple of studies have recently been published.
A study from Beijing, China, consisting of 79 patients with
PMLBCL indicated that RT plus RCHOP chemotherapy was
associated with excellent survival and local control rates. The
5-year OS, PFS and local control rates for early-stage patients
were 73.6, 69.9 and 92.6% for chemotherapy and RT, and
50.8% (P=0.076), 36.9% (P=0.008) and 56.4% (P<0.001) for
chemotherapy alone, respectively (5). However, another study
conducted by a group from Greece suggested that the addition
of RT to RCHOP chemotherapy did not improve the 5-year
PFS (92 vs. 93%; P>0.2) and 5-year OS (96 vs. 100%; P>0.2)
rates compared with RCHOP alone (15). The National Cancer
Institute group has presented encouraging data with regard
to 51 PMLBCL patients who were treated with dose-adjusted
etoposide, doxorubicin, cyclophosphamide, vincristine,
prednisone and rituximab (DA-EPOCH-R) chemotherapy,
without the routine use of RT. During the median 5-year
follow-up, the event-free survival and OS rates were 93 and
97%, respectively. A total of 96% patients achieved a CR (26).
The result indicated that DA-EPOCH-R had a high cure rate
and removed the requirement for radiotherapy in patients with
PMLBCL.

Although the present findings indicated that RT was
associated with improved survival for all the patients, in the
subgroup analysis of 35 patients who received RCHOP, it was
shown that RT could not improve the 5-year OS (88 vs. 92%);
P=0.814) and 5-year PFS (78 vs. 65%; P=0.511) rates compared
with RCHOP alone. However, these results were limited, as
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the study was retrospective and had an imbalanced number
of patients who received RT plus chemotherapy vs. chemo-
therapy alone.

The present study cannot adequately address whether dose
RT can be safely omitted in the rituximab era in selected
patients, as the published experience of RT combined with
RCHORP (or rituximab plus another chemotherapy regimen)
in PMLBCL patients remains limited and is mainly derived
from small patient series. The substitution of rituximab for RT
requires further investigation.

In summary, the present study demonstrated that RT plus
chemotherapy could confer a survival benefit for all patients
with PMLBCL, but RT did not confer a survival benefit for
patients who were treated with rituximab. It could be consid-
ered an option for PMLBCL patients. A number of unanswered
questions remain with regard to the management of PMLBCL.
The role of RT in the era of targeted therapy should be evalu-
ated in future randomized clinical trials.
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