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Influence of Body Mass Index on Survival in Veterans With
Multiple Myeloma
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Learning Objectives

Describe the association between baseline BMI, weight loss, and survival in MM.

Explain the importance of BMI and baseline weight loss as part of the standard history obtained in

patients with MM.

KABSTRACT

Purpose. We investigated the association between body mass
index (BMI) at the time of multiple myeloma (MM) diagnosis
and overall survival in a cohort of patients within the Veterans
Health Administration system. We also evaluated the associa-
tion between weight loss in the year prior to diagnosis and
survival.

Patients and Methods. Prospective analysis was performed
on a retrospectively assembled cohort of 2,968 U.S. veterans
diagnosed and treated for MM between September 1, 1999,
and September 30, 2009, with follow-up information through
October 22, 2011. Cox modeling controlling for patient- and
disease-related prognostic variables was used to analyze the
data.

Results. Underweight patients (BMI <18.5 kg/m?) had in-
creased mortality, whereas patients who were overweight

(BMI 25-29.9 kg/m?) and obese (BMI =30 kg/m?) had lower
mortality compared with healthy-weight patients (BMI 18.5—
24.9 kg/m?). Weight loss =10% of baseline in the year before
diagnosis was also associated with increased mortality and
made the association between increased BMI and survival
nonsignificant.

Conclusion. Disease-related weight loss may be an important
and heretofore unknown indicator of poor prognosis in MM.
Assessment of weight loss prior to MM diagnosis should be-
come a standard component of the clinical history in patients
with newly diagnosed MM. Further research may identify re-
lationships between disease-related weight loss and currently
used prognosticfactorsin MM, further defining the role of this
clinical factor in prognostic stratification. The Oncologist 2013;
18:1074-1079

Implications for Practice: Weightlossof 10% or moreinthe yearleading up to multiple myeloma diagnosis was seenin nearly one
out of four United States veterans with newly diagnosed multiple myeloma. Patients who lost weight had increased mortality
comparedtothose whodid notlose weight. Thisis similar to whatis seenin other malignancies, such as non-Hodgkin’s lymphoma,
where weight loss before diagnosis is routinely determined. Assessment of weight loss in the year leading up to a diagnosis of
multiple myeloma should become part of the standard medical history in patients with multiple myeloma. Further research will
identify if weight loss is associated with known prognostic factors in multiple myeloma, such as disease cytogenetics and severity.

INTRODUCTION

In 2010, it was estimated that more than two-thirds of the
adult population of the U.S. was either overweight or obese
based on body massindex (BMI) [1]. Although opinions dif-
fer on whether the population prevalence of obesity is sta-
ble or increasing [1, 2], for the foreseeable future, most
adult cancer patients will be overweight or obese. Elevated
BMI has been associated previously with an increased risk

of death, with many of the excess deaths attributable to
cancer [3, 4].

Along with an increased risk of solid tumor malignancies,
elevated BMl increases the risk of death from many hemato-
logic malignancies, including the common leukemias, non-
Hodgkin lymphoma (NHL), and multiple myeloma (MM) [5]. In
general, elevated BMI can influence disease-specific survival
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Newly diagnosed cases of multiple myeloma: 5,013
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Figure 1. Consort diagram for multiple myeloma cases diag-
nosed in U.S. veterans between 1998 and 2009.

by modifying disease incidence, survival after diagnosis, or
both [4]. Consequently, the influence of BMI on mortality in
the hematologic malignancies may vary at different time
points in the disease process. In acute promyelocytic leuke-
mia, for example, elevated BMI before diagnosis is associated
with increased disease incidence, and elevated BMl is associ-
ated with an increased risk of relapse after treatment [6—8]. Ele-
vated BMI is also associated with an increased incidence of
diffuse large B-cell lymphoma [9], but patients who are over-
weight or obese at the time of diagnosis demonstrate improved
survival compared with those with a healthy-weight BMI [10].

Substantial evidence demonstrates an association be-
tween elevated BMI before diagnosis and increased MM inci-
dence and death, but the impact of BMI at the time of
diagnosis has not been clearly defined [4, 11-15]. Because
MM is generally considered to be anincurable malignancy, itis
conceivable that increased incidence alone drives the in-
creased risk of death observed in cohort studies. Given the
high population prevalence of obesity, a clearer understand-
ing of how BMI influences survival after MM diagnosis would
provideinsightinto optimizing care of MM patients. We inves-
tigated the association between BMI at the time of MM diag-
nosis and overall survival (OS) in a cohort of U.S. veterans
diagnosed and treated within the Veterans Health Adminis-
tration (VHA) system.

MATERIALS AND METHODS

Study Population and Design

We obtained data on patients with newly diagnosed MM be-
tween September 1, 1999, and September 30, 2009, from the
VHA central cancer registry. Institutional review boards at
both the St. Louis VHA Medical Center and Washington Uni-
versity School of Medicine approved the study prior to identi-
fication of the study cohort. A total of 5,013 patients with a
diagnosis of MM were identified based on the International
Classification of Diseases for Oncology third revision code
9732/3. Patients with extramedullary or solitary plasmacy-
toma were not included. Data were obtained from all 21 re-
gional VHA districts throughout the U.S.

Patient records were linked to administrative data on
height, weight, International Classification of Diseases ninth
revision (ICD-9) codes for comorbid conditions, vital status,
and pharmaceutical utilization. The Romano adaptation of the
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Figure 2. Kaplan-Meier curves of U.S. veterans diagnosed with

multiple myeloma from 1998 to 2009, body massindex at diagno-

sisand overall survival (n = 2,968). Log-rank p < .001.
Abbreviation: BMI, body mass index.

Charlson comorbidity index was calculated using ICD-9 codes
based on comorbid conditions present at the time of diagnosis
[16]. Patients without date-of-death information were as-
sumed to be alive at the time of the last death recorded within
the cohort, October 22,2011. Thisassumptionis supported by
previous work demonstrating that more than 97% of death
events are captured in VHA vital status files [17, 18].

Because of concerns that some patients with a diagnosis of
MM may have been misclassified in the setting of only monoclo-
nal gammopathy of undetermined significance or smoldering
myeloma, those patients who did not receive treatment ata VHA
facility within 6 months of diagnosis were excluded. Patients
without weight measurement within 1 month of diagnosis or lab-
oratory and/or biopsy confirmation of MM were also excluded,
resulting in an analytic cohort of 2,968 patients (Fig. 1).

Measurements

Height was determined based on the most frequently re-
corded height. Weight at diagnosis was defined as the value
measured closest to but within 1 month of MM diagnosis. Out-
lier weights of <45 kg or >180 kg were either verified or cor-
rected based on review of patient records using the U.S.
Department of Veterans Affairs Compensation and Pension
Records Interchange software system. BMI was calculated as
weight in kilograms divided by height in meters squared and
categorized as defined by the World Health Organization as
“underweight” (BMI <18.5 kg/m?), “normal weight” (BMI
18.5 to 24.9 kg/m?), “overweight” (BMI 25.0 to 29.9 kg/m?),
and “obese” (BMI =30.0 kg/m?) [19]. The normal-weight BMI
category was considered thereferentgroupinallanalyses. Age at
diagnosis was used as a continuous variable in all analyses. OS
was defined as the time between the date of MM diagnosis and
the date of death or the end of the study follow-up period.

Statistical Analyses

Univariate analyses were performed using chi-square tests for
categorical variables and analysis of variance tests for contin-
uous variables. OS was estimated using Kaplan-Meier meth-
ods, and comparisons were made using the log-rank statistic.
Cox proportional hazards modeling was used to estimate the
association between BMI at diagnosis and OS while controlling
for potential confounding variables. The proportional hazards
assumption was tested using Schoenfeld residuals. Violations
of the proportional hazards assumption were addressed with
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Table 1. Demographic and clinical characteristics stratified by body mass indexamong U.S. veterans with multiple myeloma

diagnosed from 1998 to 2009

Body mass index groups

Demographic and clinical Overall <18.5 18.5-24.9 25-29.9 230
characteristics n=2,968 n=285 n=2972 n=1,156 n=755 pvalue
Age, mean (range) 68.2 (27-92) 69.3 (41-90) 69.6 (31-89) 68.4 (27-92) 66.1(33-90) <.0001°
Male, % 98.0 96.5 98.3 98.3 97.4 .343F
Race, %

White 71.4 58.8 68.8 72.9 73.6

Black 28.6 41.2 31.2 27.1 26.4 .005°
Comorbidities, Charlson score, 2.6 2.5 2.5 2.4 2.7 .057°
mean
Weight, kg, mean 84.8 53.6 70.3 85.4 106.2 <.0001°
Height, cm, mean 176.5 177.2 176.4 176.6 176.4 .769?

?Analysis of variance test.
PChi-square test.

the addition of a time-dependent covariate. An « significance
level of <0.05 was considered statistically significant. To ad-
dress potential variable interaction effects, interaction terms
were inserted into each model and tested for significance. All
statistical analyses were performed using SAS version 9.2 (SAS
Institute, Inc., Cary, NC, http://www.sas.com).

RESULTS

Baseline demographic and clinical characteristics of the ana-
lytic cohort are presented in Table 1. Kaplan-Meier analysis
demonstrated increased mortality in the underweight cate-
gory and decreased mortality in the overweight and obese
categories, compared with the normal-weight BMI group (Fig.
2). Median survival time for the entire cohort was 28.6
months. When considered by BMI category, median survival
was 14.3 months for the underweight group, 23.7 months for
the normal-weight group, 31.7 months for the overweight
group, and 35.7 months for the obese group. Obese patients
were significantly younger than those in the other BMI groups,
and there were more black patients in the underweight and nor-
mal-weight BMI groups compared with the overweight and

Table 2. Hazard ratios for mortality among multiple
myeloma cases diagnosed among U.S. veterans from 1998 to
2009 with body mass index at diagnosis (n = 2,968)

Cox proportional hazard model Hazard ratio 95% Cl

Covariates
Underweight (BMI <18.5 kg/m?) 1.64 1.30-2.08
Normal-weight (BMI 18.5-24.9 kg/m?) (reference)
Overweight (BMI 25-29.9 kg/m?) 0.82 0.75-0.91
Obese (BMI =30 kg/m?) 0.75 0.67-0.84
Age 1.03 1.02-1.03
Black 0.95 0.86-1.04
=12 months
Comorbidity 1.14 1.11-1.17
>12 months
Comorbidity 1.07 1.05-1.10

Abbreviation: BMI, body mass index.
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obese groups. Charlson comorbidity score demonstrated atrend
toward a higher mean score in the obese group (p = .057).

Cox modeling was then performed to evaluate the influ-
ence of BMI on mortality while controlling for age, race, and
Charlson comorbidity score. Comorbidity score violated the
proportional hazards assumption and was considered as a
time-dependent variable stratified at 12 months from diagno-
sis date. The proportional hazards assumption was tested for
all other variables, and no others were in violation. Hazard ra-
tios (HRs) and 95% confidence intervals (Cls) from the Cox
analysis are presented in Table 2. After controlling for other
variables, the underweight group had higher mortality (HR:
1.64;95% Cl: 1.30-2.08), whereas the overweight group (HR:
0.82; 95% Cl: 0.75—0.91) and the obese group (HR: 0.75; 95%
Cl: 0.67—0.84) had lower mortality, compared with the nor-
mal-weight BMI group.

To examine whether the inverse association between BMI
and OS was constant during the time leading up to diagnosis,
we identified patients with weight information available 1
year before diagnosis =3 months (n = 1,983) and performeda
Cox analysis using BMI measured 1 year before diagnosis.
These patients had a higher median age of 71 years (range:
27-92 years) and had a higher mean comorbidity score (3.0)
compared with the overall cohort. This finding was not unex-
pected because older patients with more comorbidities visit
the physician more often. Results of the Cox analysis are pre-
sented in Table 3. Patients who were underweight 1 year be-
fore MM diagnosis had a nonsignificant increase in mortality
compared with those with a normal-weight BMI 1 year before
diagnosis (HR: 1.27; 95% Cl: 0.71-2.27), and those who were
overweight 1 year before diagnosis had decreased mortality
of borderline significance (HR: 0.87; 95% Cl: 0.76—0.99). Sur-
vival among those who were obese 1 year before diagnosis
was not significantly different from those in the normal-
weight group (HR: 0.93; 95% CI: 0.81-1.07). To further under-
stand why obese BMI 1 year before diagnosis was not
significantly associated with improved survival, we performed
asecond Coxanalysis on the same subgroup (n = 1,983) using
BMI at diagnosis. The underweight group had increased mor-
tality (HR: 1.71; 95% Cl: 1.23-2.40), the overweight group
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Table 3. Hazard ratios for mortality among multiple
myeloma cases diagnosed among US veterans from 1998 to
2009 with BMI 1 year before diagnosis (n = 1,983).

Hazard ratio 95%Cl

Cox proportional hazard model

Covariates
Underweight (BMI less than 18.5kg/m?) 1.27 0.72,2.27
Normal-weight (BMI 18.5 to 24.9 kg/m?) (reference)
Overweight (BMI 25 to 29.9 kg/m?) 0.87 0.76,0.99
Obese (BMI greater than or equal to 30 kg/m?) 0.93 0.81,1.07
Age 1.03 1.03,1.04
Black 0.99 0.88,1.11
Less than or equal to 12 months
Co-morbidity 1.16 1.12,1.19
Greater than 12 months
Co-morbidity 1.07 1.04,1.10

Abbreviations: BMI, body mass index; Cl, confidence interval.

showed a nonsignificant trend toward decreased mortality
(HR:0.90;95% Cl:0.79-1.01), and the obese group had signif-
icantly decreased mortality compared with the normal-
weight group (HR: 0.80; 95% Cl: 0.70—0.92). Taken together,
these findings suggest that the association between BMI and
survival is not constant during the time leading up to MM di-
agnosis. A potential explanationis that disease-related weight
loss may cause migration of poorer prognosis patients into
lower BMI groups by the time of diagnosis.

An additional analysis was performed to evaluate the in-
fluence of clinically significant weight loss (=10% of baseline
weightin the year leading up to diagnosis) on OS. Of the 1,983
patients with weight information 1 year before diagnosis, 451
(23%) lost =10% of their baseline weightinthe yearleading up
to diagnosis. Those who demonstrated this degree of disease-
related weight loss had significantly higher mortality (HR:
1.52; 95% Cl: 1.34-1.72) compared with those who did not.
When stratified by BMI at diagnosis, 57% of the underweight
group, 36% of the normal-weight group, 18% of the over-
weight group, and 12% of the obese group lost =10% of base-
line weight in the year prior to diagnosis. After controlling for
disease-related weight loss, age, race, and comorbiditiesin a
Cox analysis, being overweight or obese at the time of diagno-
siswas no longer significantly associated with decreased mor-
tality (overweight: HR: 0.98; 95% Cl: 0.86—-1.11; obese: HR:
0.89;95% Cl: 0.77-1.02).

Inrecent years, survival for patients with newly diagnosed
MM has improved with the addition of novel agents such as
immunomodulating drugs (thalidomide and lenalidomide)
and the proteasome inhibitor bortezomib to treatment para-
digms. Consequently, we performed sensitivity analyses to ex-
amine how treatment affected our observations through
insertion of treatment variables into the multivariate Cox
model while controlling for age, race, and Charlson comorbid-
ity score. Treatments were considered in the following cate-
gories: dexamethasone monotherapy; low-dose melphalan;
high-dose melphalan with autologous transplantation; bort-
ezomib; thalidomide; lenalidomide; and a composite variable
of doxorubicin, etoposide, or vincristine. The associations be-
tween BMI and mortality in the primary cohort (n = 2,968)
changed trivially because underweight patients continued to
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have increased mortality (HR: 1.58; 95% Cl: 1.25-2), whereas
overweight patients (HR: 0.84; 95% Cl: 0.76—0.92) and obese
patients (HR: 0.76;95% Cl: 0.68—0.85) had reduced mortality.
Among the 1,983 patients with weight information from 1
year before diagnosis, after controlling for treatment, dis-
ease-related weight loss continued to be associated with in-
creased mortality (HR: 1.5; 95% CI: 1.32-1.69). This suggests
that disease-related weight loss remains a significant predic-
tor of mortality regardless of treatment assignment.

DiscussioN

This study is the first to analyze the association between BMI at
the time of diagnosis and OS in MM patients. Disease-related
weight loss may be relatively common in patients with newly di-
agnosed MM [20]. We observed that MM patients who are over-
weight or obese at the time of diagnosis had better OS compared
with those who have a normal-weight BMI. After we controlled
for disease-related weight loss through insertion of a weight loss
variable into the multivariate Cox model, the primary predictor of
outcome was disease-related weight loss. This suggests that dis-
ease-related weight loss is a major driver of the poorer survival
seen in patients with underweight or normal-weight BMI. Similar
to patients with lymphoma or lung cancer [21-23], patients with
newly diagnosed MM and significant disease-related weight loss
have a poorer prognosis.

Fromaclinical perspective, weightis often firstassessed at
the time of MM diagnosis, and it is clear that elevated BMI at
the time of MM diagnosis is associated with a better overall
prognosis. This observation is true after controlling for poten-
tial confounding by age, race, and comorbidity score but only if
BMl is considered at that single point in time. When BMI at di-
agnosisis considered along with weightlossintheyearleading
up to diagnosis, disease-related weight loss dominates the as-
sociation and BMI loses significance. This suggests that dis-
ease-related weight loss may be an important prognostic
variable in patients with MM. Moreover, significant changes
in BMI were observed in 23% of patients, suggesting that dis-
ease-related weight loss is a common manifestation of poor-
prognosis disease in veterans with MM.

The advantage of the clinical use of weight loss as a prog-
nostic variable is the ease with which it can be assessed when
obtaining a clinical history, similar to the routine assessment
of weight loss in patients with lymphoma. In contrast, some of
the prognostic variables in the Durie-Salmon staging system
and the International Staging System (ISS) are associated with
considerable cost or delay related to their assessment [24,
25]. We do not know whether the association between dis-
ease-related weightloss and survival would remain significant
after controlling for disease stage using one of these staging
systems. Answering that question will require further study.
Retrospective assessment of ISSin a large, multiyear observa-
tional cohort such as this one is not possible because of the re-
liance on laboratory testing performed at diagnosis.

The mechanism by which disease-related weightlossdrives a
poorer prognosis cannot be determined from a population-
based study; however, because MM is a malignancy of terminally
differentiated B-cells, it is logical to consider whether the mecha-
nisms are similar to those seen in the B-cell lymphomas. In both
Hodgkin lymphoma and NHL, significant weight loss in the
months leading up to diagnosis is known as a “B-symptom” and is
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associated with poorer prognosis [21, 22]. B-symptoms in NHL
are associated with elevated serum levels of inflammatory cyto-
kines, such as tumor necrosis factor and interleukin-6 (IL-6) [26—
28]. In turn, both tumor necrosis factor and IL-6 have been
independently associated with poorer progression-free survival
and OS in NHL. The association between IL-6 levels and poorer
survival in MM is well established [29]. It seems logical that pa-
tients with disease-related weight loss in MM may have more ag-
gressive disease or higher disease burden associated with higher
levels of inflammatory cytokines, which are also associated with
cancer cachexia [30].

Our study has several strengths. First, the VHA database al-
lows determination of objective measurements of weight 1 year
before diagnosis; these data are not available in most cohorts
constructed at the time of MM diagnosis. Second, the large num-
ber of patients treated at multiple facilities represents a diversity
of practice patterns, enhancing the generalizability of results. Fi-
nally, the VHA maintains detailed and accurate records on pa-
tient vital status, even when care is provided outside the VHA
system, ensuring adequate ascertainment of death events.

This study also has several limitations. First, our results
may not be generalizable to women because a considerable
majority of MM patients treated in the VHA system (and in-
cludedinthis study) are men. Second, we were unable to mea-
sure ISS for the patients who met study inclusion criteria
because many did not have information on the baseline 3, mi-
croglobulin level. Third, although we attempted to reduce the
inclusion of patients who would now be diagnosed with smol-
dering myeloma or monoclonal gammopathy of undeter-
mined significance by including only those who received
treatmentfor MM, itis possible that patients with these disor-
ders were treated based on older disease definitions, particu-
larly those diagnosed before 2003 [31]. We also did not have
information on cytogenetics, an important prognostic factor
in MM [32]. There are no studies looking at how BMI and/or
disease-related weight loss may be related to differences in
the cytogeneticabnormalities associated with survivalin MM,
and the relationship between weight loss and disease cytoge-
netics could be explored further. Third, the VHA provides care
to veterans regardless of ability to pay, eliminating the differ-
ences in insurance status that are common outside the VHA sys-
tem. Finally, we did not have data on other possible confounders
that may influence survival such as education, marital status, em-
ployment status, current occupation, and income.

An incidental finding in this study was the time-variable
nature of the association between comorbidity and mortality.
The stronger association between comorbidities and death
seen in the first year after diagnosis suggests interaction with
treatment. Further study is warranted to determine whether
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