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a b s t r a c t
Background: Little is known on racial differences in patients with diffuse large B-cell lymphoma (DLBCL).
The aim of this retrospective study is to compare characteristics, prognostic factors and outcomes of Asian
and Western patients with DLBCL treated with rituximab, cyclophosphamide, doxorubicin, vincristine
and prednisone (R-CHOP).
Methods: Patient-level data was collected from 8 centers. All patients were diagnosed with DLBCL and
treated with R-CHOP. Patients were divided into Asian and Western, according to the country of report.
Comparisons and univariate/multivariate survival analyses were performed.
Results: 712 patients, 455 Asian and 257 Western patients were included. Westerners were more likely
to present with elevated LDH (64% vs. 48%, p < 0.01) and advanced stage (58% vs. 49%, p < 0.01). After a
median follow-up of 36 months, there was no difference in progression-free (PFS; p = 0.33) or overall
survival (OS; p = 0.69). There were no PFS or OS differences between races when evaluating separately
each age-adjusted International Prognostic Index category. In the multivariate analyses, performance
status and stage were associated with PFS and OS in both races.
Conclusions: There are no differences in prognostic factors, PFS and OS between Asian and Western
patients with DLBCL treated with R-CHOP.
© 2013 Elsevier Ltd. All rights reserved.

1. Introduction
Diffuse large B-cell lymphoma (DLBCL) is an aggressive but
curable subtype of non-Hodgkin lymphoma (NHL) [1]. The combination of rituximab, cyclophosphamide, doxorubicin, vincristine
and prednisone (R-CHOP) is considered the standard of care for
patients with DLBCL. Rituximab in addition to chemotherapy yields
improved response rates and survival in patients with newly diagnosed DLBCL [2–4]. Despite the improved response rates there
remains a large molecular heterogeneity among patients with
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DLBCL [5–7], which not surprisingly translates to marked clinical
variability.
It is currently unclear if Asian patients present with similar clinical characteristics as Western patients. Few reports have shown
that Asian patients may have a higher proportion of extranodal
involvement by DLBCL [8]. It has also been suggested that Asian
have higher rates of non-germinal center (GC) DLBCL than Western patients [9,10]. Both of these factors could affect outcome in
DLBCL patients. Overall, there have not been comparative studies
focusing on the racial differences in characteristics at presentation, prognosis and treatment outcomes of DLBCL treated with
R-CHOP.
The aim of our retrospective study is to compare the clinicopathological characteristics, prognostic factors and outcomes of
Asian and Western patients with a diagnosis of newly diagnosed
DLBCL treated with R-CHOP.
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2. Patients and methods
2.1. Case selection
The study was approved by the Institutional Review Boards at
each of the 8 participating centers from the United States, Finland,
Croatia, Italy, Peru, Japan, Korea and China [11–17]. Inclusion criteria were de novo pathologically conﬁrmed DLBCL with adequate
parafﬁn block for pertinent studies and a complete follow-up for
treatment and outcome. All the patients received at least 6 cycles of
R-CHOP every 3 weeks with curative intent. Exclusion criteria were
primary mediastinal, CNS or cutaneous DLBCL, transformation from
a low-grade NHL and HIV infection. All the patients included were
treated after 2002. All the cases were consecutive and underwent
clinical staging with at least computed tomography scans and a
bone marrow biopsy. Patient-level data included age at diagnosis, sex, performance status according to the Eastern Cooperative
Oncology Group (ECOG) scale, lactate dehydrogenase (LDH) levels,
number of extranodal sites, Ann Arbor clinical stage, IPI and ageadjusted IPI (aaIPI) score, expression of CD10, BCL6 and MUM1/IRF4
by the tumor cells, response to chemotherapy, progression-free
and overall survival (PFS and OS, respectively) in months and ﬁnal
outcome.
In addition to the cases submitted by outside researchers, previously untreated adult patients diagnosed with DLBCL from January
2002 to December 2008 and received therapy with R-CHOP were
identiﬁed from the medical records of The Miriam and Rhode Island
Hospitals in Providence, RI. Pathological samples of the selected
patients were retrieved and immunohistochemical staining was
performed after deparafﬁnization in each case. According to the
classiﬁcation proposed by Hans et al. [18], each case was assigned
as germinal center (GC) or non-GC; CD10, BCL6 and MUM1/IRF4
expression was considered positive if at least 30% of the tumor cells
stained with the antibody. Same cutoffs were used to classify the
cases submitted by outside researchers. Additionally, a second look
study was performed to assess potential inter-interpreter variability on evaluating the expression of CD10, BCL6 and MUM1/IRF4
[17].
2.2. Statistical analysis
The patients were divided into Asian or Western according to country of report. Clinicopathological characteristics were
dichotomized and compared using the Chi-square test. Continuous
variables were compared using the Mann–Whitney test. PFS was
deﬁned as the time elapsed between date of diagnosis and progression, death or last follow-up. OS was deﬁned as the time elapsed
between date of diagnosis and date of death or last follow-up. The
Kaplan–Meier method was used to calculate the survival curves,
which were compared using the log-rank test. For the multivariate
survival analysis, the Cox proportional hazard regression test was
used. P-values <0.05 were considered statistically signiﬁcant. All
graphics and calculations were obtained using the statistical software MedCalc® (Mariakerke, Belgium) and STATA 12.1 (Statacorp,
College Station, TX).
3. Results
3.1. Patients’ characteristics
A total of 712 patients, 455 Asian and 257 Western were
included in this study. Among all patients, the median age was
64 years (range: 18–90 years) with 52% presenting with advanced
stage disease and 55% with elevated LDH. Overall, 81% had a complete response (CR) to six cycles of R-CHOP chemotherapy. Western
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patients were more likely to present with elevated LDH levels and
advanced clinical stage, and were more likely to have high and highintermediate risk aaIPI scores. There were no differences in age, sex,
performance status, number of extranodal sites or response to RCHOP. Complete group characteristics and comparisons are shown
in Table 1.
3.2. Survival analysis and prognostic factors
After a median follow-up time of 36 months, the median PFS
and OS were not reached and the 5-year PFS and OS were 57%
and 65%, respectively (Fig. 1A and B). Median PFS and OS were
not reached and there was no difference in 5-year PFS and OS
rates between Asians and Westerners (Fig. 1C and D). In the univariate analysis among Westerners, ECOG performance status >1,
elevated LDH and advanced stage were associated with a worse
PFS and OS. Among Asians, ECOG performance status >1, >1 extranodal site and advanced stage were signiﬁcant adverse factors for
PFS and OS. In the multivariate analysis, ECOG > 1 and advanced
clinical stage were independent prognostic factors associated with
a worse OS in both groups. Complete survival analyses are shown
in Tables 2 and 3, for Westerners and Asian patients, respectively.
Based on these results, we evaluated the aaIPI score in Asian and
Western patients. The aaIPI score was prognostic of PFS and OS for
both groups of patients (p < 0.01 for both, Fig. 2A–D).
When comparing the PFS and OS curves between Asian and
Western patients per each of the 4 aaIPI categories, there were
no statistically signiﬁcant differences (data not shown). To further
evaluate the lack of difference in survival between Asian and Western patients, we constructed 3 separate Cox hazard models. In the
ﬁrst model, we stratiﬁed patients by aaIPI score (4 strata). In the second model, we stratiﬁed patients by aaIPI score and sex (8 strata).
In the third model, we stratiﬁed patients by the aaIPI score, sex and
immunohistochemical proﬁle (16 strata), allowing for the highest
level of matching between groups. None of the models showed a
difference in hazard between Asian and Western patients (data not
shown).
4. Discussion
The results of this retrospective multi-center study of over 700
patients support that there are no differences in outcomes between
Asian and Western patients with DLBCL treated with R-CHOP. Furthermore, this analysis conﬁrms that well-known risk factors such
as clinical stage and performance status appear to be prognostic for
survival in Asians as well as Westerners. Most of the research on
racial disparities in patients with DLBCL derived from populationbased datasets such as the Surveillance, Epidemiology and End
Results (SEER) database [19–23]. However, the SEER database does
not collect important data regarding clinicopathological characteristics or therapy, and data are restricted to locations within the
United States. To the best of our knowledge, this is the ﬁrst study
to compare characteristics, response, survival, and prognostic factors between Asian and Western patients with de novo DLBCL who
were diagnosed and treated with a uniform regimen in their own
countries.
Based on our observations, a higher proportion of Western
patients presented with elevated LDH and advance stage, which are
consistent with the higher aaIPI scores seen in this population. One
could theorize that the range of normality of LDH levels varies from
institution to institution; however, our study used “elevated LDH”
as a categorical variable based on the range of normality within
each institution. Regarding stage, the higher proportion of Western patients diagnosed at a higher stage could be explained by a
difference in the use of imaging studies such as positron emission
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Table 1
Main characteristics of 712 patients with DLBCL treated with R-CHOP according to ethnicity.
Characteristic

All patients
712 (100%)

Western
257 (36%)

Asian
455 (64%)

p
–

Age (n = 712)
Median (range)
>60 years
<60 years

64 (18–90)
433 (61%)
279 (39%)

63 (18–87)
150 (58%)
107 (42%)

64 (20–90)
283 (62%)
172 (38%)

0.13
0.31

Sex (n = 712)
Male
Female

386 (54%)
326 (46%)

139 (54%)
118 (46%)

247 (54%)
208 (46%)

0.96

Performance status (n = 709)
ECOG >1
ECOG 0–1

156 (23%)
513 (77%)

61 (24%)
193 (76%)

98 (22%)
357 (78%)

0.45

LDH levels (n = 707)
Elevated
Normal

369 (55%)
298 (45%)

161 (64%)
91 (36%)

220 (48%)
235 (52%)

<0.01

Number extranodal sites (n = 709)
>1 site
0–1 sites

102 (15%)
567 (85%)

43 (17%)
211 (83%)

70 (15%)
385 (85%)

0.59

Clinical stage (n = 712)
Advanced (III & IV)
Early (I & II)

372 (52%)
340 (48%)

150 (58%)
107 (42%)

222 (49%)
233 (51%)

0.01

Immunohistochemical proﬁle (n = 712)
Non-germinal center
Germinal center

361 (51%)
351 (49%)

136 (53%)
121 (47%)

224 (49%)
231 (51%)

0.35

Age-adjusted IPI score (n = 705)
Low risk
Low-intermediate risk
High-intermediate risk
High risk

136 (19%)
291 (41%)
221 (31%)
57 (8%)

43 (17%)
84 (34%)
89 (36%)
34 (14%)

93 (20%)
207 (45%)
132 (29%)
23 (5%)

<0.01

Response to therapy (n = 708)
Complete response
Partial response
No response

576 (81%)
83 (12%)
49 (7%)

208 (81%)
25 (10%)
23 (9%)

343 (76%)
69 (15%)
40 (9%)

0.12

ECOG: Eastern Central Oncology Group; LDH: Lactate dehydrogenase; IPI: International Prognostic Index.

tomography, which has a more widespread use, for example, in the
United States. Stage 4 disease is deﬁned by extranodal involvement
but there was no difference, however, between the proportion of
Asian or Western patients with >1 extranodal site involved. All
these differences could be explained by an inherent biological difference between races or due to selection bias introduced by our
study design. For these reasons, such observations should be considered preliminary.

Approximately 2000 patients were included in the pivotal
multi-center study in which the IPI score was developed and validated [24]. However, all the patients were from centers in the
United States, Canada and Europe. Furthermore, rituximab was
not commercially available at the time of the study. Hence, until
recently it was unclear if the IPI was valid in the rituximab era. However, more recent studies have shown that the IPI score remains
the most important prognostic tool in patients with de novo DLBCL

Table 2
Survival analysis in 257 Western patients with DLBCL treated with R-CHOP.
Variable

Univariate analysis

Multivariate analysis

HR (95% CI)

p

HR (95% CI)

p

Progression-free survival
Age >60 years
Male sex
ECOG >1
Elevated LDH
>1 EXN site
Advanced stage
NGC proﬁle

0.85 (0.56–1.29)
1.42 (0.94–2.13)
1.94 (1.16–3.24)
1.83 (1.20–2.78)
2.52 (1.42–4.49)
1.99 (1.32–2.99)
1.17 (0.78–1.75)

0.44
0.10
<0.01
<0.01
<0.01
<0.01
0.45

0.77 (0.50–1.17)
1.24 (0.81–1.91)
1.59 (1.02–2.50)
1.44 (0.89–2.34)
2.06 (1.28–3.33)
1.51 (0.94–2.45)
1.05 (0.69–1.59)

0.22
0.32
0.04
0.14
<0.01
0.09
0.83

Overall survival
Age >60 years
Male sex
ECOG >1
Elevated LDH
>1 EXN site
Advanced stage
NGC proﬁle

0.92 (0.57–1.49)
1.44 (0.90–2.31)
2.52 (1.40–4.52)
2.66 (1.63–4.34)
1.34 (0.72–2.51)
2.42 (1.50–3.89)
1.27 (0.79–2.04)

0.74
0.14
<0.01
<0.01
0.31
<0.01
0.32

0.95 (0.58–1.56)
1.41 (0.85–2.34)
2.10 (1.26–3.49)
2.10 (1.13–3.90)
0.89 (0.48–1.67)
1.81 (1.02–3.21)
1.14 (0.70–1.85)

0.84
0.18
<0.01
0.02
0.72
0.04
0.60

HR: Hazard ratio; CI: Conﬁdence interval; ECOG: Eastern Central Oncology Group; LDH: Lactate dehydrogenase; EXN: Extranodal; NGC: Non-germinal center.
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Fig. 1. Kaplan–Meier estimates for 712 patients with DLBCL treated with R-CHOP for progression-free and overall survival for the whole group (A and C, respectively), and
according to race (B and D, respectively).

treated in the rituximab era [25]. Our study shows that the IPI distribution was statistically different between Asian and Western
patients, due to an increased proportion of Western patients with
elevated LDH levels and advanced stage. Despite this difference in
IPI distribution, the survival curves for each IPI score did not differ

between Asian and Western patients. Even after performing stratiﬁed hazard analyses, a survival difference between races could not
be detected. A potential explanation could be that elevated LDH
did not seem to be of prognostic value for PFS or OS in our cohort
of patients, moving our hazard calculations toward the unity. It is

Table 3
Survival analysis in 455 Asian patients with DLBCL treated with R-CHOP.
Variable

Univariate analysis

Multivariate analysis

HR (95% CI)

p

HR (95% CI)

p

Progression-free survival
Age >60 years
Male sex
ECOG >1
Elevated LDH
>1 EXN site
Advanced stage
NGC proﬁle

1.42 (1.02–1.97)
1.09 (0.79–1.51)
2.80 (1.82–4.29)
0.90 (0.65–1.24)
2.32 (1.43–3.77)
2.52 (1.82–3.49)
1.13 (0.82–1.56)

0.04
0.61
<0.01
0.52
<0.01
<0.01
0.46

1.49 (1.05–2.13)
1.18 (0.85–1.63)
2.12 (1.47–3.05)
1.18 (0.84–1.66)
1.41 (0.93–2.12)
2.01 (1.37–2.93)
1.12 (0.81–1.56)

0.03
0.34
<0.01
0.34
0.11
<0.01
0.50

Overall survival
Age >60 years
Male sex
ECOG >1
Elevated LDH
>1 EXN site
Advanced stage
NGC proﬁle

1.35 (0.93–1.97)
1.30 (0.89–1.88)
3.31 (2.04–5.35)
0.82 (0.57–1.19)
2.38 (1.38–4.10)
3.20 (2.21–4.65)
1.21 (0.84–1.76)

0.13
0.17
<0.01
0.30
<0.01
<0.01
0.31

1.51 (1.01–2.28)
1.18 (1.00–2.18)
2.46 (1.64–3.70)
1.15 (0.77–1.70)
1.32 (0.84–2.10)
2.51 (1.60–3.96)
1.20 (0.82–1.75)

0.05
0.05
<0.01
0.50
0.23
<0.01
0.36

HR: Hazard ratio; CI: Conﬁdence interval; ECOG: Eastern Central Oncology Group; LDH: Lactate dehydrogenase; EXN: Extranodal; NGC: Non-germinal center.
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Fig. 2. Kaplan–Meier estimates for progression-free and overall survival in Asian (A and C, respectively) and Western DLBCL patients (B and D, respectively) according to the
age-adjusted International Prognostic Index score.

also possible that with longer follow-up, a difference in OS could
become evident.
Our study showed no difference in the proportion of GC or
non-GC DLBCL between races. This analysis adds to the current
data, which is however inconsistent regarding the proportion of
GC or non-GC DLBCL in Asian populations. Some studies report
a higher proportion of GC DLBCL while others report a higher
proportion of non-GC DLBCL in Asian individuals [9,10,26,27].
Potential explanations for these ﬁndings are our relatively small
sample size and selection bias, which could have been introduced
given the retrospective nature of our study. It is important to note,
however, that our study included consecutive patients at each of
the participating institutions and that a portion of the pathological
samples was evaluated for consistency. Importantly, we used
the algorithm proposed by Hans to classify our patients as GC or
non-GC DLBCL [18]; however, there are mounting data arguing
against the utility of immunohistochemical classiﬁers given the
lack of concordance between pathologists [17,28]. To date, a series
of algorithms have been developed in attempts to reﬂect the
results of molecular studies [29]. It is unclear if a difference in the
proportion of GC and non-GC DLBCL between Asian and Western
patients could be identiﬁed if molecular and/or genomic-based
studies were performed. For this purpose, large population-based

studies with centralized pathological evaluation and molecular
and/or genomic conﬁrmation are needed to clarify this point.
In conclusion, our study suggests that there is no difference in
survival between Asian and Western patients with newly diagnosed DLBCL treated with R-CHOP. However, patient-centered
outcomes research evaluating racial differences is warranted.
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