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Abstract
Background: Data are inconsistent on the association between
body mass index (BMI) at time of cancer diagnosis and prognosis.
We used data from 22 clinical treatment trials to examine the
association between BMI and survival across multiple cancer types
and stages.
Methods: Trials with 5 years of follow-up were selected.
Patients with BMI < 18.5 kg/m2 were excluded. Within a disease,
analyses were limited to patients on similar treatment regimens.
Variable cutpoint analysis identiﬁed a BMI cutpoint that maximized differences in survival. Multivariable Cox regression analyses compared survival between patients with BMI above versus
below the cutpoint, adjusting for age, race, sex, and important
disease-speciﬁc clinical prognostic factors.
Results: A total of 11,724 patients from 22 trials were
identiﬁed. Fourteen analyses were performed by disease site
and treatment regimen. A cutpoint of BMI ¼ 25 kg/m2 maximized survival differences. No statistically signiﬁcant trend

across all 14 analyses was observed (mean HR ¼ 0.96; P ¼
0.06). In no cancer/treatment combination was elevated BMI
associated with an increased risk of death; for some cancers
there was a survival advantage for higher BMI. In sex-stratiﬁed
analyses, BMI  25 kg/m2 was associated with better overall
survival among men (HR ¼ 0.82; P ¼ 0.003), but not women
(HR ¼ 1.04; P ¼ 0.86). The association persisted when sexspeciﬁc cancers were excluded, when treatment regimens were
restricted to dose based on body surface area, and when earlystage cancers were excluded.
Conclusion: The association between BMI and survival is not
consistent across cancer types and stages.
Impact: Our ﬁndings suggest that disease, stage, and genderspeciﬁc body size recommendations for cancer survivors may be
warranted. Cancer Epidemiol Biomarkers Prev; 26(1); 21–29. 2016 AACR.
See all the articles in this CEBP Focus section, "The Obesity
Paradox in Cancer: Evidence and New Directions."

Introduction

to be an important factor associated with survival outcomes,
we need a much better understanding of cancer patient
populations at risk for poor BMI-related outcomes. Once
this is known, it will be possible to develop and test interventions to improve cancer prognosis among speciﬁc highrisk populations.
Higher BMI at the time of a cancer diagnosis has been
associated with poorer survival for speciﬁc cancer types, including breast cancer (2–5), prostate cancer (6–8), leukemia (9),
and oral cancer (10). However, the data are inconsistent for
breast cancer (11) and pancreatic cancer (12, 13), and no
associations have been observed in ovarian cancer (14), colorectal cancer (15), lymphoma (14), pancreatic cancer, or esophageal cancer (16). In contrast, higher BMI at diagnosis has been
associated with better prognosis in acute myeloid leukemia
(17), multiple myeloma (18), head and neck cancers (19), and
among women with non-Hodgkin lymphoma (9). There are
scant data on the effects of BMI at diagnosis among other
populations of cancer patients, and few analyses have made
comparisons across multiple cancer types or across different
stages of cancer diagnosis.
We analyzed the association between baseline BMI and cancer
survival using data from 22 clinical trials of common cancer
treatments conducted across 14 cancer types and stages within
SWOG, formerly known as the Southwest Oncology Group, a
member of the National Cancer Institute's National Clinical Trials
Network (1UG1CA189974-01).

In 2012, an estimated 69% of the U.S. adult population
was overweight (body mass index [BMI]  25 kg/m2), and
35% of the population was obese (BMI > 30 kg/m2; ref. 1).
Overweight and obesity are not only risk factors for multiple
cancers but are now potentially prognostic factors associated
with cancer survival. Given the high prevalence of overweight
and obesity in the United States, and the potential for BMI
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Materials and Methods
Selection of cohorts and data collection
Previously published SWOG phase II and III clinical trials with
5 years of follow-up, BMI at trial enrollment, and survival data
were selected for inclusion. Baseline and survival data were
collected according to study-speciﬁc case-report forms. All trials
included in this analysis were approved by local Human Investigations Committees and all patients provided written informed
consent.
Analytic approach
Overall survival was analyzed by BMI for 14 common treatments across multiple cancers. Underweight patients (BMI <
18.5 kg/m2) were excluded given they comprised a small
proportion (2%) of total patients and may have had a qualitatively different health status. Trials of similar histology and
stage were combined to increase power to detect potential
outcome differences by BMI. Within a disease, analyses were
limited to patients on similar treatment regimens. For a given
treatment regimen, study arms of similar histology and stage
were combined to increase power. The 14 cancer/treatment
combinations deﬁning the datasets are shown in Supplemen-

tary Table S1, including trials of early stage (n ¼ 4) and
advanced (n ¼ 18) disease.
Identiﬁcation of BMI cutpoint
To identify a BMI cutpoint that would best differentiate
between groups, we examined the predictive value of BMI for
overall survival as a binary indicator variable across a range (22–
35 kg/m2) of potential BMI cutpoint values. BMI cutpoints, which
deﬁned a subgroup with <10% of overall patients, were excluded
due to power considerations. For each treatment analysis, the c2
statistic associated with the effect of the BMI indicator variable on
survival in a multivariable regression model was generated. Survival times across the 14 analyses were iteratively truncated in oneyear increments from year 1 of follow-up to year 10 of follow-up,
to allow a fair comparison across the diverse set of cancer types
with different durations of survival. The BMI cutpoint was identiﬁed as that level which maximized the average c2 associated with
the effect of BMI on outcome, and was used as the base case for the
subsequent survival analyses.
Statistical analysis of survival
Using the identiﬁed BMI cutpoint, overall survival was analyzed by BMI status above and below the cutpoint within each

Table 1. BMI distributions by cancer type/treatment and sex in 22 SWOG trials (n ¼ 11,724)
Females
Overweight
Obese
Normal
2
Cancer type
(25–29.9 kg/m2),
(30 kg/m2),
(18.5–24.9 kg/m ),
n%
n%
n%
common treatment
AML
250
159
166
Ara-C/DNR
43%
28%
29%
Bladder
65
26
22
BCG
58%
23%
19%
Breast
489
526
579
CAF x 6
31%
33%
36%
Breast
157
165
162
CMF x 6
32%
34%
33%
Breast
788
949
1,386
ACþPaclitaxel
25%
30%
44%
Colorectal
122
88
76
5-FU
43%
31%
27%
NHL
67
38
56
CHOP
42%
24%
35%
NSCLC
56
37
26
Carboplatin/Paclitaxel
47%
31%
22%
NSCLC
67
32
22
CisplatinþVinorelbine
55%
26%
18%
Ovarian
100
75
66
Paclitaxel
41%
31%
27%
Prostate
NA
NA
NA
Docetaxel
Prostate
NA
NA
NA
Combined ADT
Renal
37
21
24
a-IFN
45%
26%
29%
Sarcoma
126
75
70
Imatinib
46%
28%
26%
TOTAL, N
2,324
2,191
2,655
Percentage based on counts
32%
31%
37%
42%
29%
29%
Percentage based
on study-speciﬁc ratesa

Normal
(18.5–24.9 kg/m2),
n%
263
38%
197
33%
NA

Males
Overweight
(25–29.9 kg/m2),
n%
273
40%
276
47%
NA

Obese
(30 kg/m2),
n%
148
22%
119
20%
NA

NA

NA

NA

NA

NA

NA

161
42%
95
39%
95
37%
128
50%
NA

143
37%
98
40%
108
42%
86
34%
NA

83
21%
49
20%
52
20%
41
16%
NA

73
21%
309
25%
81
45%
136
40%
1,538
34%
37%

137
39%
548
44%
69
38%
126
37%
1,864
41%
40%

138
40%
394
31%
31
17%
75
22%
1,130
25%
23%

Abbreviations: 5-FU, 5-ﬂuorouracil; AC, doxorubicin, cyclophosphamide; ADT, androgen deprivation therapy; AML, acute myelogenous leukemia; ara-C, cytarabine;
BCG, Bacillus Calmette-Guerin; CAF, cyclophosphamide, doxorubicin, and 5-ﬂuorouracil; CHOP, cyclophosphamide, hydroxydaunomycin, oncovin, and prednisone;
CMF, cyclophosphamide, methotrexate, and 5-ﬂuorouracil; DNR, daunorubicin; NHL, non-Hodgkin lymphoma; NSCLC, non–small cell lung cancer.
a
Calculated by giving each study-speciﬁc rate equal weight, not weighted according to the size of the study sample.
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Adjustment variables in the regression models
Regression models incorporated major clinical prognostic factors for each disease, plus demographic factors age (continuous),
race (black vs. other; white vs. other), and sex (where appropriate).
Each analysis was stratiﬁed by study-speciﬁc treatment arm to
account for possible temporal differences, potential differences in
administration/dose, and differences in patient populations not
captured by the other prognostic factors. Two-sided P values are
reported.

3

2

Mean χ2

cancer/treatment cohort. Overall survival was deﬁned as the time
between study registration and date of last contact (censored) or
death due to any cause. Estimates of overall survival were derived
using Kaplan–Meier estimates (20). Multivariable analyses using
Cox regression were performed (21). The base case analyses were
based on overall survival truncated at 5 years, which across a
diverse set of cancers and prognoses, likely represents the window
of follow-up during which treatment has its greatest impact on
outcomes. We evaluated whether patients with a higher BMI
experienced a different overall survival, and whether patterns of
overall survival by BMI status differed by patient sex.
An omnibus test (i.e., P value) of the global trend across studies
was based on a one-sample t test of the study-speciﬁc (signed) c2
values representing the statistical signiﬁcance for the BMI indicator variable in multivariable regression models. Secondary analyses included examination of the BMI cutpoint of 30 kg/m2. To
establish whether there was a durable association between baseline BMI and survival, conditional survival analysis examined
survival patterns in the subset of patients who survived at least
one year.
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Figure 1.
Mean c2 by BMI cutpoint level. Results for different amounts of allowed followup (1–10 years). The average of all results by cutpoint. Each observation in the
plot represents the average c2 statistic for the association of BMI status and
overall survival for a given BMI cutpoint, averaged across the 14 different
treatment analyses. The dashed lines indicate results for different amounts of
allowed follow-up (1–10 years). The solid heavy line shows the average of all
results by cutpoint, and indicates that a BMI level of 25 kg/m2, which
distinguishes normal weight patients from overweight patients, maximizes the
association of BMI and overall survival.

Results
Cancer/treatment cohorts
Analyses of the association of BMI and outcome were conducted for 14 different treatments based on 11,724 patients from
22 unique trials. Dataset sizes ranged from 241 ovarian cancer
patients receiving paclitaxel to 3,145 breast cancer patients receiving doxorubicin, cyclophosphamide, and paclitaxel. Supplementary Table S1 provides disease, study, and regression covariate
descriptions for each cancer/treatment cohort. Details on the
eligibility criteria for each of the trials have been published
previously (22).
Distribution of BMI scores
Table 1 shows the distribution of BMI scores within analyses
and averaged over all analyses. On the basis of raw totals, 68% of
women and 66% of men were overweight or obese. Using percentages based on study-speciﬁc rates, 58% of women and 63% of
men were overweight or obese.
Identiﬁcation of BMI cutpoint
Figure 1 shows the c2 statistic for each BMI cutpoint from 22
to 35 kg/m2. Results indicate that a BMI of 25 kg/m2 maximized
the association of BMI and overall survival. The remainder of
the primary analysis utilizes a BMI cutpoint of 25 kg/m2 as the
base case.
Overall survival by BMI status
Figure 2 shows Kaplan–Meier curves for each of the 14
analyses with survival truncated at 5 years, using a BMI cutpoint

www.aacrjournals.org

of 25 kg/m2. The HRs, 95% conﬁdence intervals, and P values
for overall survival by disease/treatment combination are
shown in the forest plot in Fig. 3, in ascending order of the
HR. Patients with elevated BMI had a lower risk of death for
those treated with Bacillus Calmette-Guerin for bladder cancer
(P ¼ 0.02), treated with imatinib for gastrointestinal stromal
tumor (P ¼ 0.006), treated with carboplatin þ paclitaxel for
non–small cell lung cancer (P ¼ 0.01), and treated with
androgen deprivation therapy for prostate cancer (P ¼ 0.01).
In no cancer/treatment combination was elevated BMI associated with a statistically signiﬁcantly higher risk of death. The
simple (unweighted) overall mean HR across all cohorts was
0.96 (P ¼ 0.06), indicating a nonsigniﬁcant trend of a lower
risk of death among patients with elevated BMI in this set
of 14 groups of trials. While not statistically signiﬁcant, the
HR for the analyses of breast and ovarian cancer consistently
show a detrimental association of elevated BMI with survival.
A sensitivity analysis using 3 levels for BMI (BMI < 25 vs.
BMI 25–29.9 vs. BMI  30) as an ordinal categorical variable
generated similar results in terms of the magnitude and direction of the association of BMI and overall survival (data not
shown).
Patterns of overall survival by sex
Figure 4A illustrates forest plots for the association of BMI and
overall survival grouped by sex. For males, elevated BMI tended to
be protective for overall survival (mean HR ¼ 0.82; P ¼ 0.003),
and for females, elevated BMI tended to be neither protective nor
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Figure 2.
Kaplan–Meier survival curves, by cancer and treatment. Dashed line, BMI  25 kg/m2; solid line, BMI < 25 kg/m2. Kaplan–Meier survival curves of 14 separate cancer
and treatment combinations using data from 22 different SWOG clinical trials. Abbreviations: 5-FU, 5-ﬂuorouracil; AC, doxorubicin, cyclophosphamide; ADT,
androgen deprivation therapy; AML, acute myelogenous leukemia; ara-C, cytarabine; BCG, Bacillus Calmette-Guerin; CAF, cyclophosphamide, doxorubicin,
and 5-ﬂuorouracil; CHOP, cyclophosphamide, hydroxydaunomycin, oncovin, and prednisone; CMF, cyclophosphamide, methotrexate, and 5-ﬂuorouracil; DNR,
daunorubicin; GIST, gastrointestinal stromal tumor; NHL, non-Hodgkin lymphoma; NSCLC, non–small cell lung cancer; P, paclitaxel.

harmful for overall survival (mean HR ¼ 1.04; P ¼ 0.86). Results
within male and female subgroups were similar when the analysis
was limited only to regimens with dose based on body surface
area (BSA; Fig. 4B) and when sex-speciﬁc analyses were excluded
(Fig. 4C).
Survival patterns conditioned on surviving 1 year
We examined the survival patterns among patients who survived 1 year (Supplementary Fig. S1 A). There was no evidence
that BMI  25 kg/m2 at baseline was better or worse among those
who survived 1 year. The mean HR was 1.01 (P ¼ 0.20). Similar
to the analyses in all patients, there appeared to be sex-speciﬁc
variation in the HR patterns. We further examined the interaction
of BMI and sex among those who survived one year (Supplementary Fig. S1B and S1C). Consistent with analyses presented above,
elevated BMI was protective on average for males (mean HR ¼
0.85; P ¼ 0.03) and neither protective nor harmful for females
(mean HR ¼ 1.19; P ¼ 0.21).
Survival patterns by obesity (BMI  30 kg/m2) status
To understand the associations between being obese at diagnosis and cancer survival, we also examined patterns of survival
based on a BMI cutpoint of 30 kg/m2. Obese patients had an

24 Cancer Epidemiol Biomarkers Prev; 26(1) January 2017

elevated risk of death among those treated with cytarabine and
daunorubicin for acute myelogenous leukemia (HR ¼ 1.18; P ¼
0.02) and those treated with cyclophosphamide, doxorubicin,
and 5-ﬂuorouracil for breast cancer (HR ¼ 1.34; P ¼ 0.03). In no
other cancer/treatment combinations was elevated BMI associated with a statistically signiﬁcantly higher or lower risk of death
(Supplementary Fig. S2). The overall mean HR across all cohorts
was 1.00, indicating no evidence of a trend toward higher or lower
risk of death across these 14 groups of trials (P ¼ 0.71).
We examined whether patterns of survival according to a BMI
cutpoint of 30 kg/m2 differed by patient sex. In a similar fashion as
observed for a BMI cutpoint of 25 kg/m2, obesity was associated
with better overall survival for males (mean HR ¼ 0.88; P ¼ 0.04)
but neither better nor worse overall survival for females (mean HR
¼ 1.05; P ¼ 0.28; Supplementary Fig. S3 A). These results were
generally consistent within male and female subgroups when the
analysis was limited only to regimens with dose based on BSA
(Supplementary Fig. S3 B) and when sex-speciﬁc analyses were
excluded (Supplementary Fig. S4).
Survival among patients with advanced cancer
To remove the possibility that cancer stage confounded the
association between BMI and survival, we restricted the analyses
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Renal
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Ovarian
Paclitaxel
Breast
AC + Paclitaxel
Breast
CMF x 6

0.69
0.73
0.76
0.79
0.81
0.88
0.89
0.98
1.04
1.05
1.18
1.18
1.23
1.27

0.02
0.006
0.01
0.01
0.13
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0.47
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0.52
0.65
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0.42
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Overall mean HR = 0.96 (P = 0.06)
Figure 3.
Association of BMI and overall survival, based on BMI ¼ 25 kg/m2 cutpoint. A forest plot displaying HR estimates across 14 different cancer and treatment
combinations. HR < 1 indicates that BMI  25 kg/m2 is associated with decreased risk of death, while HR > 1 indicates that BMI  25 kg/m2 is associated
with increased risk of death. Abbreviations: 5-FU, 5-ﬂuorouracil; AC, doxorubicin, cyclophosphamide; ADT, androgen deprivation therapy; AML, acute myelogenous
leukemia; ara-C, cytarabine; BCG, bacillus Calmette-Guerin; BMI, body mass index; CAF, cyclophosphamide, doxorubicin, and 5-ﬂuorouracil; CHOP,
cyclophosphamide, hydroxydaunomycin, oncovin, and prednisone; CMF, cyclophosphamide, methotrexate, and 5-ﬂuorouracil; DNR, daunorubicin; GIST,
gastrointestinal stromal tumor; NHL, non-Hodgkin lymphoma; NSCLC, non–small cell lung cancer; P, paclitaxel.

to patients with advanced stage cancers. In these analyses, the
results were consistent with the earlier analyses showing that
among men, BMI  25 kg/m2 was protective (mean HR ¼
0.84; P ¼ 0.007) and among women, there was no association
between the BMI cutpoint and overall survival (mean HR ¼ 1.03;
P ¼ 0.61; Fig. 5).

Discussion
In an analysis of 22 clinical trials representing 14 different
cancer/treatment combinations, the association between BMI
and survival was not consistent across cancer type or stage.
There was no statistically signiﬁcant evidence that BMI at a
cutpoint of 25 kg/m2 was associated with overall survival.
However, there was good evidence that the relationship
between BMI and cancer survival differed by sex. On average,
elevated BMI was associated with better overall survival in
males, but neither better nor worse overall survival in females.
This association was maintained when sex-speciﬁc cancers
were excluded, when treatment regimens were restricted to
dose based on BSA, and when early-stage cancers were excluded. The results remained consistent when a BMI cutpoint of
30 kg/m2 was examined and when analyses were restricted to
individuals who survived at least one year following trial
enrollment. The latter analysis emphasizes the potentially
durable impact of BMI on long-term survival.
The majority of cancers included in this analysis were of
advanced stage. The literature on the association between BMI
and survival among individuals with advanced staged cancers is
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sparse and inconsistent. One reason for the inconsistency may be
due to the timing of BMI assessment. A prior meta-analysis shows
that timing of BMI assessment affects observed associations
between BMI and colorectal cancer survival (23). Our analysis
uses BMI data collected at trial enrollment, which is advantageous
because it allows for examination of BMI as a prognostic factor
assessed prior to treatment.
We observed no association between BMI and cancer survival among breast cancer patients, which is somewhat inconsistent with prior studies that reported an inverse association
between BMI at breast cancer diagnosis and survival (3, 5,
11). However, each of the individual breast cancer trials
included in this analysis showed a nonsigniﬁcant relationship
in the same direction as prior studies. It is possible that the
use of cutpoints at 25 and 30 kg/m2 masked the potential
association of very high (class II or III) obesity and worse
survival, as suggested by an observational study in the After
Breast Cancer Pooling Project, which showed an association
of BMI and survival when class II or III obesity was attained
(24). It is further possible that our analysis was underpowered
and that a meta-analysis would be needed to better deﬁne this
association.
We observed that men with advanced prostate cancer who
had a higher BMI at trial enrollment had better survival. These
results are inconsistent with some prior observational studies
where higher BMI among prostate cancer patients was associated with poorer survival (6, 7, 25). It should be noted that in
our analyses the trial of androgen deprivation therapy and the
trial of chemotherapy for hormone-refractory prostate cancer
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Figure 4.
Association of BMI and overall survival, by sex and regimens, based on BMI ¼ 25 kg/m2 cutpoint. Forest plots displaying HR estimates across 14 different
cancer and treatment combinations. HR < 1 indicates that BMI 25 kg/m2 is associated with decreased risk of death, while HR > 1 indicates that BMI  25 kg/m2
is associated with increased risk of death. A, Forest plots by sex; B, Analyses restricted to treatment regimens using doses based upon body surface
area, by sex; and C, Analyses excluding sex-speciﬁc analyses, by sex. Abbreviations: 5-FU, 5-ﬂuorouracil; AC, doxorubicin, cyclophosphamide; ADT,
androgen deprivation therapy; AML, acute myelogenous leukemia; ara-C, cytarabine; BCG, Bacillus Calmette-Guerin; BSA, body surface area; CAF,
cyclophosphamide, doxorubicin, and 5-ﬂuorouracil; CHOP, cyclophosphamide, hydroxydaunomycin, oncovin, and prednisone; CMF, cyclophosphamide,
methotrexate, and 5-ﬂuorouracil; DNR, daunorubicin; GIST, gastrointestinal stromal tumor; NHL, non-Hodgkin lymphoma; NSCLC, non–small cell lung
cancer; P, paclitaxel.

both had similar ﬁndings, raising the possibility that the
mechanism by which BMI affects survival may be independent
of treatment effects. Prior studies have shown that obese
patients with prostate cancer may be underdosed (26), which
could account for poorer survival. However this is unlikely to
be the explanation for our ﬁndings as underdosing would be
uncommon in the clinical trial setting.
Perhaps our most provocative ﬁnding is that baseline BMI had a
different association with survival for female and male patients.
The ﬁnding held after removing potential confounding factors
from the analyses, including sex-speciﬁc cancers, treatments not
dosed on BSA, and early-stage cancers that may have had a better
prognosis. Differences between sexes may be related to differences
in the biology of the disease, or may be related to chemotherapy
dosing, distribution, or tolerance. The role of muscle may be
important in explaining sex differences. Prior studies have shown
that muscle mass is associated with better cancer prognosis (27,
28). The ratio of muscle to fat is higher for men than women at
each BMI category (29, 30), which may explain in part the
interaction between sex and BMI with respect to survival outcomes. These differences need to be explored in future
investigations.
The strength of this analysis is the systematic examination of the
relationship between baseline BMI and survival across multiple
cancer types and stages using a consistent analytic approach. As all
participants were enrolled in a therapeutic clinical trial, and each
cancer–drug combination was analyzed separately, the study
design removes course of treatment as a prognostic factor and
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potential confounder. Prior studies have noted that the choice
of BMI cutpoints and categories affects study results and inferences (31, 32). We used an innovative method to identify a
meaningful analytic cutpoint to discriminate between BMI
groups. The ﬁnding with respect to better overall survival for
elevated BMI patients in males was remarkably consistent, regardless of which subsets of studies were examined. Despite these
strengths, there are also limitations. We do not have data on BMI
prior to diagnosis, during treatment, or in the posttreatment
phase. These measures collected systematically would allow for
a better understanding of whether change in weight following
diagnosis is associated with cancer prognosis. The analyses also do
not account for lifestyle behaviors or circumstances that could
affect the relationship between BMI and survival, and we had no
data on comorbidities or body composition. These measures
would allow for better understanding of potential targets for
modiﬁable behaviors and risk factors. We do not have data on
breast cancer subtypes, which has been associated with prognosis
(2, 33). It is possible as well that some of the individual analyses
were underpowered to detect differences between BMI groups.
Our analysis was based on comparing two groups of patients
based on speciﬁed single cutpoints. However, it is possible that
more complicated relationships between BMI and survival exist
(such as a quadratic or U-shaped relationship using multiple
cutpoints). Finally, as these are trial patients, compared with
nontrial patients they likely have fewer comorbid conditions,
especially severe comorbidities and end-organ damage, potentially limiting the generalizability of the ﬁndings.
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Figure 5.
Association of BMI and overall survival, advanced cancers only, based on BMI ¼ 25 kg/m2 cutpoint. Forest plots displaying HR estimates across 14 different cancer and
treatment combinations, restricting analyses to patients with advanced cancers. HR < 1 indicates that BMI  25 kg/m2 is associated with decreased risk
of death, while HR > 1 indicates that BMI  25 kg/m2 is associated with increased risk of death. A, Forest plots restricted to men; B, Analyses restricted to
women. Abbreviations: 5-FU, 5-ﬂuorouracil; AC, doxorubicin, cyclophosphamide; ADT, androgen deprivation therapy; AML, acute myelogenous leukemia;
ara-C, cytarabine; BCG, Bacillus Calmette-Guerin; CAF, cyclophosphamide, doxorubicin, and 5-ﬂuorouracil; CHOP, cyclophosphamide, hydroxydaunomycin,
oncovin, and prednisone; CMF, cyclophosphamide, methotrexate, and 5-ﬂuorouracil; DNR, daunorubicin; GIST, gastrointestinal stromal tumor; NHL, non-Hodgkin
lymphoma; NSCLC, non–small cell lung cancer; P, paclitaxel.

These ﬁndings should be considered within the context of
ﬁndings on BMI and overall mortality risk in the general
population. National Health and Nutrition Examination Survey (NHANES) data show a U-shaped association between BMI
and overall mortality (32, 34). Overweight status is associated
with the lowest risk of mortality, grade 1 obesity (BMI 30–35
kg/m2) is unassociated with mortality and underweight and
grades 2 (BMI 35–40 kg/m2) and 3 (BMI 40 kg/m2; refs. 32,
34) are associated with higher mortality. Furthermore, the risk
associated with obesity was found to be age dependent, with
the effect of obesity on mortality being lower among older
individuals. There has been a great deal of discussion on how to
interpret these ﬁndings; one issue is the possibility that illnessrelated weight loss may bias observational studies (35–37).
Analyses of men from the Baltimore Longitudinal Study of
Aging ﬁnd that weight loss prior to death begins 9 years before
death and for cancer-related deaths weight loss accelerated
signiﬁcantly 3 years prior to death (38). Therefore, it is possible
that prior to enrollment into the trials analyzed here, subjects at
highest risk of mortality were already experiencing weight loss.
Another issue to be considered is that obesity is associated with
comorbidities that may have excluded subjects from entering
the trials and that the obese individuals entering the trials may
have been systematically healthier for noncancer risks than
obese individuals overall.
The American Cancer Society (ACS) and American Institute
for Cancer Research (AICR) guidelines for cancer survivors
recommend being as lean as possible without being underweight (39, 40). Our ﬁndings are observational and therefore
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do not provide deﬁnitive proof that BMI is causally related
to cancer survival. Nonetheless, our ﬁndings, for men in particular, are inconsistent with this recommendation. In fact,
these results suggest that recommendations for body size
and weight management following a cancer diagnosis may
be disease, stage, and even gender speciﬁc. The ACS and AICR
guidelines are intended to apply across all cancer types, and
are based upon hypothesized carcinogenesis mechanisms related to hormonal, inﬂammatory, and oxidative stress pathways.
Our results suggest that more tailored recommendations
may be in order. This could be particularly true in cancers
with long survival times, wherein patients may be at risk for
other BMI-associated diseases, including cardiovascular and
metabolic disorders. Studies are needed to test the effects
of weight management strategies in speciﬁc high-risk patient
populations.
In summary, our ﬁndings suggest that the association between
BMI and cancer survival is not consistent across all cancer types
and stage, and that sex-related factors may interact with BMI and
affect cancer survival. Higher BMI at the time of a cancer diagnosis
may be protective for men. Among women there was much more
variability in the association between BMI and overall survival.
These ﬁndings suggest that the effect of BMI may be different for
different cancer types, and that body size recommendations for
cancer survivors that are disease, stage, and gender speciﬁc may be
warranted.
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