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Background: The role of body mass index (BMI) in survival outcomes is controversial among lymphoma patients. We
evaluated the association between BMI at study entry and failure-free survival (FFS) and overall survival (OS) in three
phase Il clinical trials, among patients with diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL) and
Hodgkin’s lymphoma (HL).

Patients and methods: A total of 537, 730 and 282 patients with DLBCL, HL and FL were included in the analysis.
Baseline patient and clinical characteristics, treatment received and clinical outcomes were compared across BMI
categories.

Results: Among patients with DLBCL, HL and FL, the median age was 70, 33 and 56; 29%, 29% and 37% were obese
and 38%, 27% and 37% were overweight, respectively. Age was significantly different among BMI groups in all three
studies. Higher BMI groups tended to have more favorable prognosis factors at study entry among DLBCL and HL
patients. BMI was not associated with clinical outcome with P-values of 0.89, 0.30 and 0.40 for FFS, and 0.64, 0.67 and
0.09 for OS, for patients with DLBCL, HL and FL, respectively. The association remains non-significant after adjusting for
other clinical factors in the Cox model. A subset analysis of males with DLBCL treated on R-CHOP revealed no differences
in FFS (P=0.48) or OS (P =0.58).

Conclusion: BMI was not significantly associated with clinical outcomes among patients with DLBCL, HD or FL, in three
prospective phase Il clinical trials. The findings contradict some previous reports of similar investigations. Further work is
required to understand the observed discrepancies.
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introduction

Body mass index (BMI), calculated as the weight (kg) divided by
the square of height (m), is commonly used as a reliable indica-
tor of body fat content and is used to screen for weight categor-
ies that may lead to health problems. Obesity, defined as
BMI > 30 kg/m?, is a major public health problem in the United
States; about two-thirds of the adult population is overweight or
obese in 1999-2008 [1]. During the same period, cancer inci-
dence rates have risen for most cancer types [2]. Population-
based observational studies have linked increasing BMI to
increasing risk of developing a number of common and some
less common cancers, including both solid and hematologic
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malignancies [3, 4]. However, the impact of BMI on survival
after cancer diagnosis is controversial.

In solid tumors, increased BMI was reported to associate with
decreased survival probability and increased risk for recurrence
among patients with breast cancer [5] and colon cancer [6] and
to associate with improved survival among patients with renal
cell carcinoma [7] and lung cancers [8]. In hematological malig-
nancies, studies show that increased BMI does not confer a
negative impact on the survival of obese multiple myeloma
patients [9]. Mixed results have been reported investigating the
effect of BMI on lymphoma prognosis. High BMI was associated
with a worse prognosis and a greater risk for disease recurrence
for non-Hodgkin’s lymphoma (NHL) patients receiving high-
dose chemotherapy and autograft [10]. Landgren et al. [11]
showed that 5-year cause-specific mortality rate was significantly
lower among obese and overweight patients with Hodgkin’s
lymphoma (HL). Two recent studies suggest that increased BMI
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is associated with significantly improved survival, one among
patients with intermediate-grade B-cell NHL receiving chemo-
therapy [12] and one among United States Veterans with diffuse
large B-Cell Lymphoma (DLBCL) [13]. Both of the studies were
retrospectively done with medical record review and with mixed
histology and/or mixed first-line therapies.

In this study, we evaluated the association between BMI at
study entry and failure-free survival (FFS) and overall survival
(OS) in three prospectively designed phase III Cooperative
Group trials, among patients with DLBCL (E4494), follicular
lymphoma (FL) (E1496) and HL (E2496).

patients and methods

patients and treatment

The study included patients enrolled on three NCI-sponsored, phase III clin-
ical trials coordinated by the Eastern Cooperative Oncology Group (ECOG).
In E4494, 546 eligible untreated DLBCL patients, 60 years or older, enrolled
between December 1997 to July 2001, were randomized to receive cyclo-
phosphamide, doxorubicin, vincristine, prednisone (CHOP) or rituximab
plus CHOP (RCHOP), all responding patients (n=352) went through a
second randomization to maintenance rituximab (MR) or observation
(OBS) [14]. In E1496, 387 eligible patients with advanced indolent lymph-
oma (282 follicular histology), enrolled from March 1998 to May 2003,
received cyclophosphamide, vincristine and prednisone (CVP), 311 (228
with follicular histology) with responding or stable disease were randomized
to observation (OBS) or rituximab [15]. In E2496, 794 eligible patients with
advanced stage or locally extensive HL, enrolled between April 1999 and
June 2006, were randomized to ABVD or Stanford V. Other details regarding
eligibility, treatment received and results have been previously reported [16].
Chemotherapy was administered based on body surface area (BSA) from
actual body weight, and vincristine was capped at 2 mg in E4494 and E1496.
Thirty-seven (5%) cases in E2496, three cases in E1496 with missing baseline
weight or height information were removed from the analysis (supplemen-
tary Figure S1, available at Annals of Oncology online). Only patients with
follicular histology from E1496 were included for this study.

measurements

BMI was calculated as weight (kilograms) divided by the square of height
(meters), using data at study entry. BMI was categorized according to the
WHO classification: underweight (BMI < 18.5 kg/m®), normal weight (BML,
18.5 to <25 kg/mz), overweight (BMI, 25 to <30 kg/mz) and obese (BMI,
>30kg/m?). Patients in the underweight group, consisting of 9 (2%)
DLBCL patients, 18 (2%) HL patients and 0 FL patients, were excluded from
further analysis due to low prevalence (Figure 1).

Baseline demographic/clinical factors and treatment data were obtained
from the original study. The primary outcome measures are FFS or progres-
sion-free survival (PFS) and OS. FFS/PES, though named differently in dif-
ferent studies, was both defined as the time from study entry to relapse,
progression, or death, whichever occurred first. Herein, FES is used in the
text. OS was measured from study entry to death of any cause.

statistical analysis

Baseline patient characteristics were checked among three BMI groups, with
the z* test for proportions and one-way analysis of variance for means, re-
spectively. The Kaplan-Meier method and the Cox proportional hazards re-
gression model were used to estimate survival curves, failure rate and hazard
ratios with 95% confidence intervals (CIs). Log-rank tests, stratified on initial
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trial stratification factors and treatment arms, were used to compare among
BMI groups. A multivariable Cox regression was used to further evaluate the
association between BMI and FFS/OS, adjusting for known baseline prog-
nostic factors. Possible two-way interaction between BMI and other factors
was checked. BMI was studied both as continuous variable and categorical
BMI groups. Cases with extreme BMI were removed from the analysis when
BMI was checked as continuous variable. Based on the rule of 1.5 inter-quar-
tile ranges, extreme BMI was defined as 50 or higher in all three data sets,
which includes 1 case in E4494, 14 cases in E2496 and 3 cases in E1496.
Two-sided P-values of 0.05 or less were considered statistically significant,
and of 0.1 or less suggestive of a trend.

To control for treatment during the rituximab era, the association was
also checked limiting to patients treated with rituximab: FL patients treated
on rituximab maintenance from E1496 and DLBCL patients treated on
RCHOP from E4494. To remove potential effect of disease-related weight
loss in BMI determination, a sensitivity analysis was carried out excluding
patients with significant weight loss at baseline.

In E4494, a significant interaction was identified between maintenance
therapy and induction therapy where MR improved the outcome after
CHOP but not after RCHOP. Therefore, an unbiased estimate by weighted
Cox regression, as previously reported [14], was used to compare FFS/OS
among BMI groups, by removing the effect of maintenance Rituximab. As a
significant interaction between sex and treatment arm was identified among
DLBCL patient [17], a separate analysis was carried out within each sex
stratified on treatment arms. We analyzed the male subset under RCHOP
treatment from E4494, in order to match the study cohort used in a recent
report [13].

results

diffuse large B-cell ymphoma

Among a total of 537 DLBCL patients, 38% were overweight
and 29% were obese. Obese group was significantly younger
(P=0.0002) than the normal and overweight groups.
Overweight and obese groups had a trend toward better per-
formance status compared with the normal weight group
(P=0.10). However, this trend disappeared if excluding patients
with significant disease-related weight loss at baseline (P = 0.24).
Other baseline factors and treatment received are similar among
three BMI groups (supplementary Table S1, available at Annals
of Oncology online). With a median follow-up of 9.4 years,
weighted Cox regression analysis (Figure 1, Table 1) indicated
that BMI groups are not significantly associated with FFS
(P=0.89) or with OS (P =0.64). The hazard ratio for mortality
was 0.85 (95% CI, 0.61-1.19) for overweight, and 0.89 (95% CI,
0.64-1.26) for obese, when compared with normal weight
(Table 1). Using continuous BMI in the univariate Cox model
also results in non-significant association with OS (P=0.59,
Table 1). When adjusting for known prognostic factors in the
multivariable Cox model, interaction between sex and induction
therapy (RCHOP versus CHOP) was found marginally signifi-
cant (P=0.09) and was retained in the model. BMI remains
non-significant in associating with OS outcome, both as con-
tinuous (P=0.96) and as categorical (P=0.52, overweight
versus normal weight; P=0.96, obese versus normal weight,
respectively).

The separate analysis within each sex (Figure 2A and B) did
not suggest any significant association of BMI with OS for either
females or males. The subset analysis within patients treated
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Figure 1. Failure-free survival (FFS, A) and overall survival (OS, B) by BMI groups, for DLBCL patients enrolled in the E4494 trial with (A1, B1) (by weighted
Cox regression model), for the HL patients in E2496 trial with (A2, B2) and the FL patients in E1496 trial with (A3, B3).

Table 1. Hazard ratio and 95% Cls for mortality associated with BMI as continuous variable and categorical variables, according to the Cox model

DLBCL (E4494)*

HL (E2496)

FL (E1496)

Hazard ration P-value

Hazard ration (95% CI) P-value

Hazard ration (95% CI) P-value

Univariate analysis

BMLI: continuous” 0.99 (0.97-1.02) 0.59
BMI groups
0.35

0.53

0.85 (0.61-1.19)
0.89 (0.64-1.26)

Overweight versus normal weight

Obese versus normal weight

Multivariable analysis
BMI:continuous” 1.00 (0.97-1.03)  0.96
BMI groups

Overweight versus normal weight

Obese versus normal weight

0.89 (0.63-1.26) 0.52

1.00 (0.69-1.41) 0.96

Age, sex, IPI, RCHOP versus
CHOP, B-symptom, Sex:
(RCHOP versus CHOP)

List of factors adjusted

0.58
0.67
0.41
0.96

1.01 (0.98-1.04)

1.22 (0.76-1.97)
1.01 (0.61-1.07)

0.77

0.80

1.09 (0.66-1.78) 0.74

0.92 (0.55-1.53) 0.74

Age, sex, ABVD/Stanford V, IPS, B-
symptom

1.00 (0.97-1.04)

0.44
0.08
0.04
0.84

1.02 (0.98-1.06)

0.57 (0.33-0.98)
0.95 (0.58-1.56)

0.26
0.32
0.71 (0.37-1.33) 0.28
1.37 (0.74-2.54) 0.31

Age, sex, B-symptom, FLIPI,

1.03 (0.98-1.08)

maintenance treatment (no, R or
OBS)

*By weighted Cox regression model.
YCases with extreme BMI (BMI > 50) were removed.

with RCHOP (Figure 2C and D) suggested a potential trend of

Hodgkin’s lymphoma

better survival probability with higher BMI among female

Among the total of 739 HL patients, 27% were overweight and
patients (P = 0.10), but not among male patients (P = 0.58).

29% were obese. Age was significantly higher (P =0.005) with
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higher BMI groups. Higher BMI groups have better perform-
ance status (P =0.01), less frequent B-symptoms (P =0.04) and
less bone marrow involvement (P = 0.07). Other baseline factors
are balanced, and actual treatment received was similar among
BMI groups (supplementary Table S2, available at Annals of
Oncology online). With a median follow-up of 6.4 years, there is
no significant association between BMI with FFS (P =0.30) or
with OS (P =0.67). The hazard ratio of OS was 1.22 (95% CI,
0.76-1.97) for overweight, and 1.01 (95% CI, 0.61-1.07) for
obese, when compared with normal weight. After adjusting for
known prognostic factors, BMI groups remained unassociated
(P=10.80) with OS outcome (Table 1). Continuous BMI is not
significantly associated with OS when used alone (P =0.58) or
after adjusting for known prognostic factors in the multivariable
Cox model (P =0.77, Table 1).

follicular lymphoma

Among the total of 279 FL patients, 38% were overweight and
37% were obese. The overweight group was significantly
younger (P=0.03) than the normal weight and obese groups.
Overweight and obese groups tended (P =0.08) to have more
male patients than normal weight groups. Other baseline
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factors were balanced, and actual treatment received was
similar among BMI groups (supplementary Table S3, available
at Annals of Oncology online). With a median follow-up of 8.5
years, there is no significantly association between BMI with
FFS (P =0.45). However, a trend toward better OS in the over-
weight group compared with the normal weight group, with 5-
year OS of 73%, 80% and 77% for normal weight, overweight
and obese groups, respectively (Figure 1). The hazard ratio of
mortality was 0.57 (95% CI, 0.33-0.98) for overweight, and
0.95 (95% CI, 0.58-1.56) for obese, when compared with
normal weight. However, the significant survival advantage of
overweight group was lost (P =0.28) adjusting for other base-
line factors. Continuous BMI was not associated with OS
(P=0.44) in the univariate Cox model, and remained non-
significant (P =0.26) after adjusting for other baseline factors
(Table 1).

As patients with missing FLIPI (n = 62, 22%) had more male,
less B-symptom presentation, better performance status and less
nodal groups compared with patients with FLIPI score, the
results from multivariable analysis might not be applicable to
the entire trial population. The subset analysis within n =114
patients treated with MR suggested no significant association
between BMI groups with FFS (P = 0.92) or with OS (P =0.36).
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Figure 2. Overall survival (OS) by BMI groups, for female patients (A) and male patients (B) stratified on treatment arms, female patients (C) and male

patients (D) treated on RCHOP, in the E4494 trial.
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sensitivity analysis

Data on B symptom (weight loss) were missing for 2, 25 and 0
cases from E4494, E2496 and E1496. Significant weight loss was
reported in 89 (17%), 136 (18%) and 29 (10%) in the above
three studies. Sensitivity analyses excluding those patients
resulted in similar findings, indicating that BMI categories did
not reach statistical significance, with P=0.91, 0.09 and 0.70 for
FFS, and P=0.51, 0.16 and 0.18 for OS among patients with
DLBCL, HL and FL, respectively.

discussion

Using the cohorts from three prospectively designed phase III
trials, we failed to find significant associations between BMI and
clinical outcomes both in terms of FFS and OS. Furthermore,
the survival curves are rather overlapped among BMI groups for
all three patient cohorts. The association remains non-signifi-
cant after adjusting for important baseline prognostic factors, or
limiting to patients who received rituximab treatment among
patients with DLBCL or FL. The sensitivity analyses excluding
patients with weight loss at baseline result in similar observa-
tions. When examining DLBCL patients within each sex and/or
within RCHOP treatment, BMI was not shown to be signifi-
cantly associated with survival among male patients with or
without rituximab, but suggested a potential trend that higher
BMI leads to longer survival among female patients treated with
rituximab.

Landgren et al. [11] showed in an investigation of 301 HL
patients that cause-specific survival was significantly better with
higher BMI groups, before and after adjusting for other clinical
factors. Treatment was based on BSA in both Landgren and
E2496, suggesting that dosing is not a factor that contributes to
the discrepant findings. The patients reported by Landgren et al.
were diagnosed and treated between 1973 and 1994; while
E2496 enrolled patients from 1999 to 2006. It is unclear whether
the different treatment era contributes to the discrepant
findings. Prognostic profiles (IPS, B-symptoms and Stage) were
better for obese and overweight patients in Landgren; however,
were not adjusted in the multivariable model.

Jones et al. [12] reported that improved survival is associated
with increased BMI among 728 patients with DLBCL or grade 3
FL. However, the association is seen with OS and not with PFS,
with a hazard ratio of 0.97 for continuous BMI with OS. They
did not observe OS difference between overweight and obese
groups, with a P-value of 0.052 between normal versus above-
normal groups. After adjusting for known prognostic factors,
the significant association only remains between the overweight
group and all others (including normal and obese patents).
However, a significantly improved OS was observed for higher
BMI groups (P<0.001) among over 2000 US veterans with
DLBCL, and the significance remained after adjusting for base-
line factors [13]. When limiting to only male patients with
DLBCL under RCHOP treatment from E4494, our analysis
shows no difference among BMI groups in terms of both PFS
and OS. The reason for discrepancies in findings is not clear. In
the report by Carson et al., three IPS factors (LDH, ECOG PS
and number of extra nodal sites) were not collected and
adjusted, and treatment plan was unknown.
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It is generally believed that higher relative dose intensity and
cumulative dosage, if tolerated, is likely associated with better
outcome [18]. The standard treatment plan is to dose the
patients based on BSA. Some believe this strategy leads to a rela-
tive ‘under-treatment’ for patients with normal or under-weight
[11]. Others reported more frequent dose reduction observed in
obese patients, which might actually receive lower relative
chemotherapy doses [19]. Based on available data among HL
patients from E2496, the rate of dose modification is not signifi-
cantly higher in the obese group (82%) compared with that in
normal (77%) and overweight groups (77%).

A previous study found that doxorubicin clearance was
reduced in the obese [20] while another study observed this phe-
nomenon in women but not men [21]. A recent report by
Muller et al. [22] suggests that higher weight of males contribute
to their faster rituximab clearance, thus they benefit less from
the addition of rituximab. The pharmacokinetics differences
between normal and overweight/obese people needs to be eluci-
dated. Another area of consideration is the systemic and micro-
environmental milieu in which tumors develop.

There are limitations in our analysis. Although the data were
from prospectively designed trials, the trials were not designed
to study the association of BMI with clinical outcome. All pat-
ients were treated according to the protocols; however, it does
not necessarily reflect how they would be treated in usual care
setting, especially for obese and overweight patients. Though we
found no difference in cycles of treatment received among BMI
groups, it would be desirable to study the actual dosage received.

The present analysis has several important strengths. First, we
evaluated patients with three major lymphoma histologies.
Second, we used data from prospectively designed phase III clin-
ical trials with uniform data collection and disease assessment,
which reduces unwanted data variation. Furthermore, the large
sample sizes for each histology and long follow-up provide a re-
liable evaluation of the association. Finally, as all patients were
treated on a clinical trial, weight/height, baseline prognostic fac-
tors and weight loses information were available for virtually all
patients, reducing sample bias and enables further investigation
of the association in the presence of other prognostic factors.

BMI is not associated with clinical outcome among patients
with DLBCL, FL and HL, based on our three large phase III
trials. The findings contradict some other previous reports on
similar investigations. The reasons might be multi-fold and
involve a complex interaction among treatment type, actual
dosage intensity and pharmacokinetics differences. Further
work will be required to understand the reasons for the observed
discrepancies among studies, to elucidate the effect of BMI on
treatment and survival.
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