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Abstract
The aim of this study is to investigate the incidence and clinical outcomes of primary mediastinal large B-cell lymphoma (PMBL).
Here we did a retrospective analysis using the surveillance, epidemiology, and end results (SEER) database to analyze the

incidences and survival of patients with PMBL diagnosed during 2001–2012 among major ethnic groups.
During 2001–2012, a total of 426 PMBL patients were identified, including 336 whites, 46 blacks, and 44 others. The incidence

rates of female to male ratios in white, black, and other were 1.4938, 1.1202, and 1.7303 respectively, suggesting that the female-
prominent disease occurrence was seen only in whites and others, but not in black population. Compared to white, the other had a
worse 5-year overall survival (OS); however, factors including age, race, socioeconomic status, and stage associated with OS
showed no significant difference among ethnic groups; thus, biology factors should be explored to explain the racial difference in OS.
In conclusion, our findings revealed diversities in demographic features and prognosis among different racial groups.

Abbreviations: CI = confidence intervals, DLBCL = diffuse large B-cell lymphoma, HL=Hodgkin lymphoma, HR = hazard ratios,
ICD-O = International Classification of Disease for Oncology, OS = overall survival, PMBL = primary mediastinal large B-cell
lymphoma, ROS = reactive oxygen species, SEER = surveillance, epidemiology, and end results.
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1. Introduction

Primary mediastinal diffuse large B-cell lymphoma (PMBL) was
first described in the 1980s[1] and is considered as a distinct
clinicopathologic entityof diffuse largeB-cell lymphoma (DLBCL).
PMBL is characterized by a rapidly growing mediastinal mass,
frequently accompanied by local invasiveness and occasionally
with distant metastasis.[2,3] This subtype tends to occur in young
adults in their third to fourth decade of age with a slightly female
predominance.[3–5] Strikingly, not only clinical similarities exist
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between PMBL andHodgkinlymphoma (HL), the gene expression
profiles also demonstrate greater similarities between PMBL and
HL than with DLBCL.[6,7] Due to the rarity of this disease, the
optimal therapy has not been defined. However, recent studies
have shown that regimens integrating rituximab into intensive
chemotherapy might yield a better outcome.[8–11]

Studies on the molecular biology of PMBL have revealed
interesting information. Gene expression profiling data showed
that molecular pathways including REL, JAK-STAT, PDL1/
PDL2, and nuclear factor k-b(NF-kb) are involved in the
pathogenesis of PMBL.[12–16] In the therapeutic area, several
retrospective studies have shown that integrated rituximab into
chemotherapy have improved PMBL cure rates from 50% to
80%.[9–11] Rituximab is a monoclonal antibody against CD20
Figure 1. Selection of study cohort is shown. This figure provides an overview
of the study cohort with reasons for inclusion/exclusion through the selection
process. The numbers in boldface denote the cases included in the incidence
and survival analyses. ICD-O-3= International Classification of Diseases for
Oncology, third edition; PMBL=primary mediastinal large B-cell lymphoma,
SEER=surveillance, epidemiology, and end results.
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Table 1

Clinical features of patients with PMBL by race, SEER 18, 2001 to 2012.

Clinical features White (336) Black (46) Other (44) P

Age, y W vs B W vs O
Mean, range 37 (18–85+) 36 (18–66) 36 (18–79)
18–39 199 (59%) 31 (67%) 27 (61%) 0.239 0.868
40–59 106 (32%) 14 (30%) 14 (32%)
>60 31 (9%) 1 (3%) 3 (7%)

Year of diagnosis 0.667 0.943
2001–2005 78 (23%) 12 (33%) 10 (29%)

2006–2012 258 (77%) 34 (67%) 34 (71%)
Poverty 0.136 0.121
Low 215 (64%) 25 (48%) 35 (74%)
Medium 120 (35%) 20 ((50%) 9 (26%)
High 1 (1%) 1 (2%) 0

Sex 0.323 0.627
Male 135 (40%) 22 (48%) 16 (37%)
Female 201 (60%) 24 (52%) 28 (63%)

Stage 0.659 0.477
I/II 252 (77%) 36 (80%) 36 (82%)
III/IV 74 (23%) 10 (20%) 8 (18%)

5-year OS (95% CI) 84.5%(79.0–88.7) 83.8%(68.4–92.1) 69.9%(50.5–82.9)

OS= overall survival, PMBL=primary mediastinal large B-cell lymphoma, SEER=Ssurveillance, epidemiology, and end results.
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protein, which eleminates CD20-positive B lymphoma cells
through a combination of immune-mediated effects including
antibody-dependent cell-mediated cytotoxicity, complement-
mediated lysis, and direct effects induced by CD20 ligation.[17]

A prospective phase II study showed that dose-adjusted EPOCH
in combinationwith rituximab could yield a 93%of 5-year event-
free survival and 97%ofOS.[8] Radiation is widely used in cancer
therapy, which eliminates cancer cells by inducing DNA damage
and generation of reactive oxygen species (ROS).[18–20] Consid-
ered the long-term toxicities of mediastinal radiation therapy in
young PMBL patients, 1 approach currently being explored to
minimize toxicity is to use chemoimmunotherapy without
radiation consolidation. A recent study has shown that radiation
yield no benefit for treatment of PBML in the era of rituximab.[21]

Disparities across races have been reported in large cohorts of
other cancers including breast cancer, colon cancer, prostate
cancer, lung cancer, multiple myeloma, and certain subtype of
non-Hodgkin’s lymphoma,[22–25] and such studies have yielded
important information on the respective cancer occurrence and
disease outcomes in various ethnic groups. Although several
single-institution studies have described the disease clinical,
immunophenotypic, and genotypic characteristics and clinical
outcome of PMBL, there is a lack of study on the PMBL
incidences among various ethnic groups and their respective
patient survival. The objectives of this study were to examine the
incident patterns and survival outcomes of PMBL in the major
ethnic groups, including whites, blacks, American Indian, and
Asian/Pacific Islanders using the SEER database.
Figure 2. Trends in incidence of PMBL during the time period covered in this
study according to race and sex. All incidence rates are age-adjusted to the
2000 US population and expressed as per 1000,000 population. PMBL=
primary mediastinal large B-cell lymphoma.
2. Methods

2.1. Data source

Patients with PMBL were identified from the surveillance,
epidemiology, and end results (SEER) program database of the
National Cancer Institute in the United States. SEER is a program
that collects and publishes cancer data from population-based
cancer registries covering ∼28% of the US population.[26] The 18
2

registries in SEER-18 include ∼25% of White population, 26%
of Black population, 38% of Hispanic population, 44% of
American Indians and Alaska (A/PI) population, 50% of Asians,
and 67% of Hawaiian/Pacific Islanders.[26] The 18 SEER
registries including Atlanta, Detroit, Greater California, Greater
Georgia, Hawaii, Iowa, Kentucky, Los Angeles, New Mexico,
New Jersey, Rural Georgia, states of Connecticut, San Francisco-
Oakland, Seattle-Puget Sound, San Jose-Monterey, the Alaska
Native Tumor Registry, Louisiana, and Utah.
We analyzed the incidence and survival of PMBL diagnosed

among residents of 18 SEER program registries during
2001–2012. The International Classification of Disease for
Oncology (ICD-O)-3 code used for PMBL was 9679. Ethical
approval of this study by Institutional review board (IRB) is not
required as this study only involves analysis of publically
available database (SEER) without linking to patient private
information.



Table 2

Age-adjusted IRs and IRRs of PMBL based on race and sex, SEER 18, 2001–2012.

Combine all White Black Other

No. IR (95% CI) No. IR (95% CI) No. IR (95% CI) No. IR (95% CI)

Male and female 426 0.4201 (0.3821–0.4609) 336 0.4285 (0.3846–0.4760) 46 0.3736 (0.2776–0.4938) 44 0.3793 (0.2776–0.5073)
Male 173 0.3415 (0.2932–0.3955) 135 0.3451 (0.2902–0.4073) 22 0.3524 (0.2220–0.5396) 16 0.2765 (0.1553–0.4581)
Female 253 0.4998 (0.4417–0.5632) 201 0.5154 (0.4476–0.5905) 24 0.3947 (0.2619–0.5731) 28 0.4785 (0.3242–0.6829)
Female-to-male (IRR) 1.4635 (1.2064–1.7783) 1.4938 (1.1992–1.8644) 1.1202 (0.6105–2.0543) 1.7303 (0.9006–3.4537)

P 0.0001 0.0003 0.8304 0.1076

CI= confidence interval, IR= incidence rate, IRR= incidence rate ratio.
Incidence rate are per 1000,000 person-years, age-adjusted to the 2000 US Standard Population.

Figure 3. Age distribution of PMBL is shown by race. (A) Age-specific
incidence rates by race, SEER-18, 2001 to 2012. (B) Horizontal axis represents
the grouping of age at diagnosis. Vertical axis represents the proportion of
patients in each age group of that particular race (white, black, and others).
PMBL=primary mediastinal large B-cell lymphoma, SEER=surveillance,
epidemiology, and end results.
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2.2. Study variables

SEER program database routinely contains variables including
patients’ demographics (age, race/ethnicity, sex, and socioeco-
nomic status), tumor histology, anatomical site, stage at
diagnosis, radiation usage, survival and follow-up for vital
status. Diagnosis of PMBL was based on the International
Classification of Disease for Oncology (3rd edition, ICD-O-3)
histology codes in the SEER data. Area socioeconomic status was
determined by the county poverty rate,[26] which is the percentage
of persons in the county living below the national poverty
threshold in Census 2000. The county poverty rates in this study
were categorized as reported previously.[26]

Our analyses were adjusted for age, sex, race (white, black,
other), year of diagnosis, treatment with radiation, Lymphoma–-
Ann Arbor stage, and poverty. Incidence rates were calculated via
the latest version of SEER∗Stat software version8.2.1 (http://
www.seer.cancer.gov/seerstat), expressed as per 1,000,000
population, age-adjusted to the year 2000 US standard
population. OS is typically measured from the date of diagnosis
to the date of death or the last follow-up using the Kaplan–Meier
method. The log-rank test was used to compare the survival
difference. To analyze the clinical variables with OS, we used Cox
proportional hazards models to calculate multivariable-adjusted
hazard ratios (HR) and associated 95% confidence intervals (CI).
A P value<0.05 was considered as statistically significant. The
statistical analysis was performed using the SPSS version 16.0
software (SPSS A, Inc, Chicage, IL).

3. Results

3.1. Incidence of PMBL according to race, gender,
and age

Between 2001 and 2012, a total of 451 of PMBL patients were
reported to the SEER18 registries, 3 caseswith unknown race, and
22 cases with age <18 years at diagnosis were excluded from the
analysis. The final study population contained 426 cases (Fig. 1).
The 426 cases of PMBLanalyzed in this study included 336whites,
46 blacks, and 44 others. Table 1 describes the clinical character-
istics of PMBLbasedon ethnic groups. Themedianage of PMBL in
white, black, and other was 37, 36, and 37 years, respectively.
From 2001 to 2012, there was a trend toward increasing incidence
rates in all subgroups by race and sex (Fig. 2). The age-adjusted
PMBL incidence rates in white, black, and others were 0.4285,
0.3736, and 0.3793 per million person-years, respectively
(Table 2). Females had higher incidence rate than males for
PMBL. The female-to-male (F/M) incidence rate ratio (IRR) was
1.4635 for all races combined (P=0.0001), 1.4938 for white (P=
0.0003), 1.1202 for black (P=0.8304), and 1.7303 (P=0.1076)

http://www.seer.cancer.gov/seerstat
http://www.seer.cancer.gov/seerstat
http://www.md-journal.com


Table 3

Univariate and multivariate analysis of prognostic factors in PMBL.

Univariate analysis Multivariate analysis

Variable Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Year of diagnosis
2001–2005 Reference
2006–2012 0.9659 (0.5546–1.682) 0.9023

Age, y 0.000
18–39 Reference Reference
40–59 1.271 (0.6757–2.390) 0.4571 1.499 (0.826–2.720)
>60 136.5 (45.34–411.1) <0.0001 3.568 (2.653–4.798)

Race 0.005
White Reference Reference
Black 1.058 (0.4413–2.535) 0.8997 1.110 (0.463–2.661)
Other 3.582 (1.492–8.598) 0.0043 1.774 (1.293–2.433)

Stage 0.028
I/II Reference Reference
III/IV 2.144 (1.149–4.002) 0.0166 1.781 (1.064–2.983)

Sex
Male Reference
Female 0.8041 (0.4844–1.335) 0.3991

Poverty
Low Reference Reference 0.005
Medium 1.809 (1.066–3.069) 0.0280 1.955 (1.220–3.135)
High

CI= confidence interval, PMBL=primary mediastinal large B-cell lymphoma.
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for others (Table 2). Female predominant occurrence of PMBLwas
observed in white and others, and this is consistent with previous
published observation.[4,5] However, within the black cohort,
female and male exhibited a similar incidence rate (P=0.8304),
which was unexpected and has not been reported previously. The
age distribution of PMBLacross race and sex is illustrated in Fig. 3.
All races showed a unimodal pattern of age-distribution with
incidence peak at age 30 to 39 years.

3.2. Survival analysis

We analyzed overall survival (OS) according to race. The 5-year
OS for whites, blacks, and others were 84.5%, 83.8%and 69.9%
respectively (Table 1). Kaplan–Meier analysis showed that there
was no significant difference in OS between blacks and whites,
but the others group had a significantly lower OS compared to
whites (Table 3). OS significantly decreased in patients>60 years
with advanced stage, or with medium poverty (Fig. 4). We also
analyzed radiation therapy on patient’s survival. As shown in
Fig. 5, radiation therapy significantly improved patients’ survival
during period of 2001–2012. However, analysis of PMBL
diagnosed in 2006–2012 showed that radiation did not influence
OS, consistent with a recent publication.[21]

On multivariate Cox regression (Table 3), patients >60 years
had inferior OS compared with patients who were 18 to 39 year
old (age 60+ vs age 18–39: HR=3.568[2.653–4.798]); other had
inferior OS compared with white (other vs white: HR=1.774
[95% CI 1.293–2.433]); patients in the late stage also showed
inferior OS compared with early stage: (III/IV vs I/II: HR=1.781
[95% CI 1.064–2.983]); socioeconomic status was also an
independent predictor of OS (medium poverty vs low poverty:
HR=1.955 [95% CI 1.220–3.135]).

4. Discussion

Currently there is very limited information reported in the
literature regarding the demographics of primary mediastinal
4

large B-cell lymphoma. In this study, we explored the disease
incidence trends and survival of PMBL (defined by the WHO
classification) among the major ethnic groups. Our analysis
revealed a trend of increasing disease incidence rates in all racial
and gender subgroups during 2001–2012 (Fig. 2). This increase
may be partially attributed to increased risks of exposure to
factors associated with lymphomagenesis, although the exact
causes for this increase are still unclear. One plausible
explanation for the higher incidence could be the increased
recognition for this subtype of lymphoma. Previously, PMBLwas
considered as 1 subtype of DLBCL arising in the mediastinum.
With the advances in recognition of the clinical characteristics
and immunophenotypic features for this disease, PMBL was
listed as a separate entity in WHO classification in 2001.[27]

Recent progress in molecular characterization further helps the
differentiation between PMBL and DLBCL.[6,7] As such, more
PMBL are separated from other forms of DLBCL and classic
Hodgkin lymphoma (cHL).
Our analysis revealed a unimodal distribution of age-specific

incidence with peak at 30 to 39 years for whites, blacks, and other
groups. Notably, blackwomen and men exhibited a similar
incidence rate, whereas in whites the PMBL incidences were
significantly higher in women. Although many factors including
genetic susceptibility, environmental risk, dietary factors,
occupational exposures, autoimmune diseases, infectious con-
ditions, and socioeconomic status are known to affect cancer
incidences,[28,29] the reasons for complex demographics of PMBL
observed in different ethnic groups currently remain unclear.
Further study in this area, especially investigation of the roles of
genetic factors, gender factors, and gene–environment interac-
tions in affecting development of PMBL is clearly needed.
We also found significant racial disparities in PMBL survival.

Our analysis showed that white patients had a better overall
survival (OS) compared with others. Interestingly, a single
institution study in China showed that the 3-year OS for patients
with PMBL was 70%,[30] which seems unfavorable compared to



[31]

Figure 4. Kaplan–Meier curves for overall survival in patients with PMBL: (A) years diagnosed 2001 to 2005 vs 2006 to 2012; (B) by age; (C) by race; (D) by stage; (E)
by sex; (F) by socioeconomic status. PMBL=primary mediastinal large B-cell lymphoma.
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the OS in white and black population reported in the SEER
database. There are several potential explanations of why
survival may differ in different ethnic groups. The potential
factors that contribute to the disparities in clinical outcomes
Figure 5. Kaplan–Meier curves for overall survival in patients received with or with
2001 to 2005; (C) years diagnosed 2006 to 2012.
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include disease biology, host pharmacogenetics, delay in
therapy,[32] hospital factors,[33] access to health care,[34] and
differences in socioeconomic status as noted previously.[35] In our
study, there were no significant differences in disease stages,
out radiation therapy: (A) years diagnosed 2001 to 2012; (B) years diagnosed

http://www.md-journal.com


[7] Savage KJ, Monti S, Kutok JL, et al. The molecular signature of
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radiation (data not shown), and other factors that may impact the
prognosis among different ethnic groups. Thus, biology factors
should be further explored to explain the racial difference in OS.
We also evaluated the role of radiation for treatment of PMBL.

Like Hodgkin’s lymphoma, PMBL mainly affects young adults
and shows the typical localized mediastinal tumor. The similar
clinical problems associated with HL treatment, the long-term
toxicities induced by mediastinal radiation therapy in young
adult PMBL female patients are of particular concerns. The toxic
side-effects include potential development of breast and lung
cancers, hypothyroidism, and accelerated atherosclerotic heart
disease. Whether radiation therapy is still essential for treatment
of PMBL has been controversial. In the prerituximab era,
retrospective analyses showed that dose-intensified regimens
appeared more effective than CHOP, and the addition of
radiation therapy was associated with improved long-term
outcomes.[36–38] Since 2000, the anti-CD20 monoclonal anti-
body rituximab was incorporated into combinations with CHOP
regimen for treatment of DLBCL.[39] The role of radiation in the
treatment of PMBL should be re-evaluated in the era of
rituximab-based chemotherapy. A recent prospective study
showed that nonradiation containing dose-adjusted EPOCH-R
regimen yield excellent outcome and obviate the need for RT in
the large majority of patients.[8] In our study, we found radiation
can significantly improve PMBL OS in patients diagnosed 2001
to 2005, when rituximab not widely used in USA, but have no
influence on OS in patients diagnosed 2006 to 2012, a period of
rituximab era; this observation is confirmed by a recent
publication.[21]

The potential limitations of this study include the relatively
small sample size and the lack of detail treatment information for
the PMBL patients. Although the SEER database is the largest
cancer registry in the United States, the sample size of PMBL in
the current study is still relatively small. As no specific treatment
regimens are available in the SEER databases, the impact of
specific treatment regimens on patient survival remains unclear.
As such, these data should be interpreted with caution.
In summary, our large population-based analysis of SEER

database has led to a number of significant new findings. These
novel findings include: (1) in contrast to the female-prominent
disease occurrence, blacks have a similar female to male ratio
incidence rate; (2) over the entire study period, OS was higher in
whites than in others; (3) radiation therapy should be re-
evaluated in the PMBL treatment in the rituximab era. More
comprehensive studies are needed to further validate these
observations.
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