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                                      Retrospective Study of Body Weight in Patients with 
Multiple Myeloma through Diff erent Stages of the 
Disease

tory state associated with obesity, hyperinsuline-
mia, excess of insulin-like growth factor-1 
(IGF-1), and altered metabolism of steroid hor-
mones   [ 5 ]  . In MM, large meta-analyses of epide-
miologic studies from analyzing associations 
between this cancer and body weight concluded 
that obesity is a risk factor for MM   [ 3   ,  6   ,  7 ]  . The 
most recent and comprehensive meta-analysis 
included 15 prospective cohort studies from var-
ious areas of the world, with relative risk (RR) 
estimates for the association between body mass 
index (BMI) and MM incidence or mortality. It 
concluded that the risk of MM is signifi cantly 
elevated among obese patients, with a RR of 1.21 
(95 % CI, 1.08–1.35), and that the RR of MM mor-
tality in these patients was 1.54 (95 % CI, 1.35–
1.76)   [ 6 ]  . The hypothesis that obesity is a risk 
factor for MM has also been supported by the 
association between excess body weight and 
increased risk of monoclonal gammopathy of 
undetermined signifi cance (MGUS), the precur-
sor state of MM   [ 8 ]  . It has been proposed that the 
excess risk of MM among obese patients could be 
related to the production of interleukin-6 (IL-6)  

         Introduction
 ▼
   Multiple myeloma (MM) is a rare cancer, because 
it represents 1 % of all malignancies. Its annual 
incidence is approximately 5/100 000   [ 1 ]  . Little is 
known regarding the body weight status of MM 
patients both at diagnosis and during the course 
of the disease. In particular, it is unclear whether 
the current epidemic of obesity aff ects even MM 
patients, or, instead, they develop progressive 
weight loss and cachexia during the terminal 
phase of their disease.
  Excess body weight is a well-known risk factor 
not only for diabetes mellitus and cardiovascular 
disease, but even for cancer   [ 2   ,  3 ]  . In fact, epide-
miological evidence indicates that approximately 
20 % of all cancers are related to excess body 
weight   [ 4 ]  , including 20 % of breast and colon 
cancer cases, and about 40 % of kidney and 
endometrial cancer cases   [ 5 ]  . Biologic mecha-
nisms underlying the association between excess 
weight and cancer have not been completely elu-
cidated, but several processes have been involved, 
including the presence of a chronic proinfl amma-
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                                      Abstract
 ▼
    Background:     Little is known regarding body 
weight changes in patients with multiple mye-
loma (MM) during the course of their disease, 
and the infl uence of obesity in the overall sur-
vival (OS) of patients aff ected by this cancer.
    Methods:     We retrospectively collected clinical 
data from 318 MM patients, and analyzed their 
weight and body mass index (BMI) at various 
points throughout the course of the disease, 
including baseline, pre- and post-peripheral 
blood stem cell transplant (PBSCT), and time of 
death.
    Results:     At the time of diagnosis, median BMI 
was 28.1 ( ± 5.7 SD; range, 15.3–51.8). The major-
ity of MM patients were either overweight or 

obese, both at the time of initial diagnosis (80 %) 
and in the terminal phase of the disease (66 %). 
Only 5 % of patients had malnutrition at the time 
of death. Median body weight was 81.5 and 
79.4 kg before and 6 weeks after high-dose chem-
otherapy and PBSCT (p < 0.001). Kaplan-Meier 
estimates of OS showed similar results between 
patients with normal weight and obese patients.
    Conclusions:     The majority of MM patients, at 
least in our cohort of U.S. residents, are either 
overweight or obese. Despite the common notion 
that the terminal phase of cancer is associated 
with cachexia, most MM patients did not experi-
ence a signifi cant and progressive weight loss. 
PBSCT was associated with a statistically signifi -
cant but clinically negligible weight loss. Obesity 
did not seem to infl uence overall survival in MM.
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– a known growth factor of neoplastic plasma cells – by the adi-
pocytes   [ 9 ]  , or to adiponectine, a hormone regulating glucose 
metabolism and fatty acid oxidation levels   [ 10   ,  11 ]  .
  In this study, we evaluated the BMI of MM patients during the 
course of the disease, including baseline, after high-dose chemo-
therapy and peripheral blood stem cell transplantation (PBSCT), 
and at the time of death. We also retrospectively analyzed the 
infl uence of BMI in the survival outcomes of MM.

    Materials and Methods
 ▼
   After approval from our Institutional Review Board, we identi-
fi ed and reviewed data of all patients with a diagnosis of MM 
followed at the Penn State Cancer Hershey Cancer Institute 
between January 2006 and December 2011. We included in our 
analysis only patients who were diagnosed and directly followed 
at our Institution, and excluded those seen for second opinion 
and on occasional basis, for which weight measurements on the 
day of diagnosis (defi ned as the day of fi rst bone marrow biopsy) 
and follow-up were not available. Weight and height were not 
self-reported, but objectively measured, and routinely checked 
at each clinic appointment. Patients were weighted at diff erent 
times of the day, with only a gown or “light” clothing. We used 
the body mass index (BMI) (weight in kg/height in m 2 ) as the 
objective method of quantifying the body fat, and we cate-
gorized it according to the established WHO criteria: 

BMI < 18.5 = “underweight”; 18.5–24.9 = “normal”; 25–29.9 = 
“overweight”;  ≥ 30 = “obese”   [ 12   ,  13 ]  .
  Statistical analysis was conducted using Minitab 16 Statistical 
Software 2010 (Minitab, Inc., State College, PA). Changes of body 
weight over time were assessed by paired T-Test. The method of 
Kaplan and Meier was used to compute the survival curves and 
to estimate median survival. Overall survival (OS) was calculated 
from the time of MM diagnosis. The diff erences in survival 
curves were tested with the log-rank method. Values of p  <  0.05 
were considered statistically signifi cant.

    Results
 ▼
        ●  ▶     Table 1   shows the characteristics of 318 evaluable patients 
with MM. None of the disease characteristics were statistically 
diff erent between the groups of obese and non-obese patients. 
At the time of diagnosis, the median weight and BMI of the 
whole group were 81.7 kg ( ± 19.8 SD) and 28.1 ( ± 5.7SD; range, 
15.3–51.8), respectively. Three patients (1 %) were underweight, 
60 (19 %) had normal weight, 138 (43 %) were overweight, and 
117 (37 %) were obese. Among the latter, class I, II, and III (mor-
bid obesity) were found in 70 (22 %), 31 (10 %), and (5 %) of 
patients, respectively. A histogram representation of the BMI at 
baseline is shown in      ●  ▶     Fig. 1a  . After induction therapy, 188 
(59 %) patients underwent PBSCT, either upfront, i. e., within 12 
months from diagnosis (147 pts), or late, as a salvage strategy 
during the course of the disease (41 pts). PBSCT was of autolo-
gous type in 177 patients (94 %). Median weight was 81.5 kg 
( ± 18.7 SD) and 79.4 ( ± 18.2 SD) on the day of PBSCT and 6 weeks   Table 1    Baseline characteristics of 318 patients with multiple myeloma. 

    BMI  < 30 (n = 201)    BMI ≥ 30 (n = 117)  

   Age at diagnosis       
   Median, years (range)    60 (21–89)    60 (42–88)  
   Sex, Male     114 (57 %)    68 (58 %)  
   Race       
   Caucasian    185 (92 %)    104 (89 %)  
   African-American    11 (5 %)    11 (8 %)  
   Other    5 (2 %)    2 (2 %)  
   Paraprotein       
   IgG, IgA    142 (71 %)    93 (79 %)  
    Kappa or lambda light 

chain  
  50 (25 %)    18 (15 %)  

   Nonsecretory/other    9 (4 %)    6 (5 %)  
   ISS stage       
   I    67/171 (39 %)    40/99 (40 %)  
   II    44/171 (26 %)    28/99 (28 %)  
   III    60/171 (35 %)    31/99 (31 %)  
    % PCs in BM at diagnosis       
   Median ( ± SD)    42 % ( ± 28 %)    40 % ( ± 34 %)  
   High-risk cytogenetics  1     31/153 (20 %)    20/83 (24 %)  
   Treatment       
   Corticosteroids    183 (91 %)    109 (93 %)  
   Thalidomide    60 (29 %)    46 (41 %)  
   Lenalidomide    143 (71 %)    90 (77 %)  
   Bortezomib    175 (87 %)    97 (83 %)  
   Carfi lzomib    8 (4 %)    6 (5 %)  
   PBSCT    112 (56 %)    76 (65 %)  
   IV Bisphosphonates    171 (85 %)    97 (83 %)  
 BM = bone marrow; PBSCT = peripheral blood stem cell transplant; PC = plasma cell; 
ISS = International Staging System; IV = intravenous. Percentages have been rounded 
and may not total to 100 % 
  1   Defi ned as: hypodiploidy/complex karyotype or chromosome 13 abnormalities at 
metaphase cytogenetics, or translocations t(4;14), t(14;16), or del(17p) at fl uores-
cence in situ hybridization (FISH) 

    Fig. 1    Histogram of body mass index (BMI) in patients with multiple 
myeloma, at the time of diagnosis (318 patients)  a , and within 4 weeks 
from the time of their death (73 patients)  b . 
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later (at the time of post-transplant follow-up in the outpatient 
clinic) (     ●  ▶     Fig. 2a  ). This decrease of the median body weight by 
2.1 kg was statistically signifi cant (p  < 0.001 at paired t test). 
Among 182 evaluable patients, PBSCT was associated with a 
weight loss of 5–10 % and  > 10 % in 56 (31 %) and 10 (5 %) patients, 
respectively. At the last database follow-up, 245 patients were 
alive and 73 dead. Among the latter, median body weight at 
diagnosis and within 4 weeks of death was 80.7 (SD 21) and 76.5 
(SD 21) kg, respectively (p = 0.001) (     ●  ▶     Fig. 2b  ), with a diff erence 
of 4.2 kg (95 % C.I, 1.83–6.62 kg). In a cohort of 73 living patients 
matched for time from diagnosis, median body weight was 85.5 
kg (SD 23) (p = 0.014) (     ●  ▶     Fig. 2c  ), which represents a diff erence 
of 9.05 kg from the median in the cohort of dead patients (95 % 

C.I., 1.9–16.2 kg). At the time of death, 4 (5 %) patients were 
underweight, 21 (29 %) had normal weight, and 48 (66 %) were 
either overweighted (30 pts) or obese (18 pts). Median BMI 
measured within 4 weeks of last follow-up was 28.1 ( ± 5.9 SD) 
and 26.5 ( ± 6.4 SD) kg among alive and dead patients, respec-
tively (p = 0.03).      ●  ▶     Fig. 1b   shows the histogram representation of 
the weight of MM patients within 4 weeks from the time of their 
death.
       After a median follow-up of 28 months, median OS of the whole 
cohort of MM patients was not reached. Comparison of Kaplan-
Meier estimates of both overall survival (OS) and progression-
free survival (PFS) in 117 patients with BMI at baseline  < 30 vs. 
201 patients with BMI 30 or higher (i. e., obese), did not fi nd a 
statistically signifi cant diff erence ( p > 0.05  at log-rank test) 
(     ●  ▶     Fig. 3  ). Proportional hazards regression, using age and ISS 
stage as baseline covariates, did not modify the above results.

     Discussion
 ▼
   Our study showed that the majority of patients with MM are 
overweight or obese, and they remain so even during the course 
of their disease. Although terminally ill cancer patients are tra-
ditionally believed to experience a phase of tissue wasting and 
cachexia   [ 14   ,  15 ]  , our data show that the weight loss accompa-
nying the terminal phase of MM is relatively small, and the 
majority of our patients dying of progressive and refractory MM 
had a BMI  > 25 kg/m 2 . Within 4 weeks of death, our MM patients 
has a median body weight loss of about 4.2 kg compared with 
their weight at diagnosis, and a diff erence of 9.05 kg when com-
pared with the median weight of living patients matched for 

    Fig. 2    Body weight (Kg) in 182 myeloma patients who underwent 
autologous peripheral blood stem cell transplant (PBSCT), measured on 
the same day of PBSCT and 6 weeks after  a ; Body weight in 73 myeloma 
patients who died with relapsed/refractory disease, measured at the time 
of diagnosis (defi ned as the day of fi rst bone marrow biopsy) and within 
the last 4 weeks of their life  b ; Body weight of the same 73 dead patients 
compared to a cohort of other 73 myeloma patients matched for time 
from diagnosis  c . 
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    Fig. 3    Kaplan-Meier estimates of overall survival (OS) and progression-
free survival (PFS) in patients with multiple myeloma, according to 
their BMI at diagnosis. OS and PFS are calculated from the time of initial 
diagnosis. 
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time of diagnosis. Despite these diff erences, only 5 % of dying 
MM patients were underweight. Another surprising fi nding of 
our study is that high-dose chemotherapy and PBSCT were not 
associated with a signifi cant weight loss. This is counterintui-
tive, because the immediate post-transplant period is usually 
associated with lack of appetite, nausea, vomiting, and oral 
mucositis, all factors that may prevent food intake and adequate 
nutrition. We speculate that PBSCT supportive care, with mod-
ern antiemetic regimens and total parenteral nutrition (TPN) in 
patients who are unable to ingest food, is mainly responsible for 
this weight stability. Our data showed that the median weight 
loss was about 2 kg over 6 weeks post-PBSCT. This was highly 
signifi cant from the statistical point of view, but clinically insig-
nifi cant, in our opinion.
  Another fi nding of our study is that obesity is not associated 
with an inferior survival outcome in MM (but, obviously, limita-
tion of our sample size could have precluded the detection of 
small diff erences in survival). Evidence for obesity aff ecting clin-
ical outcomes in cancer is mixed: some studies reported that 
obesity adversely impacts on OS (e. g., breast cancer), whereas 
other studies found no eff ect (e. g., hematologic malignancies 
treated with allogeneic PBSCT)   [ 4   ,  16 ]  . Theoretically, obesity 
could aff ect outcomes in various potential ways, for example by 
leading to altered pharmacokinetics of chemotherapeutic 
agents, or by erratic dosing of chemotherapy, due to variation in 
dose adjustment methods (e. g., calculating based on ideal body 
weight vs. adjusted body weight). Vogl et al. studied the eff ect of 
obesity on outcomes of MM undergoing autologous PBSCT, and 
found that obesity did not seem to signifi cantly aff ect OS, a result 
that refl ects our fi ndings   [ 17 ]  . We do not know whether obesity 
is a relevant cofactor in aff ecting clinical outcomes in MM. How-
ever, we could not fi nd signifi cant diff erences in the use of novel 
agents and PBSCT between patients with normal BMI and those 
with BMI > 30 (     ●  ▶     Table 1  ), which, at least, suggests that obesity 
does not refrain oncologists from the successful use of modern 
and aggressive chemotherapies.
  Limitations of our study include its retrospective nature and the 
lack of a control cohort. More importantly, it includes only U.S. 
residents, and therefore it cannot refl ect the true body weight 
and BMI of MM patients in the rest of the world. In a recent 
study conducted in our geographical area, using data from 1 342 
adult women enrolled in the Central Pennsylvania Women’s 
Health Study, 28 % of the sample was classifi ed as overweight, 
and 26 % as obese   [ 18 ]  . These percentages are signifi cantly lower 
than those shown in our MM patients, but we cannot make com-
parisons, even because those patients were all females, and data 
could be inaccurate, because weight was self-reported in that 
study. Other limitations are the lack of body weight data before 
the diagnosis of MM (making impossible to assess whether MM 
is associated with weight loss before its diagnosis), and data 
regarding the infl uence of corticosteroids on body weight. These 
drugs, known to potentially induce weight gain, are often used 
in the treatment of MM (in fact,  > 90 % of our patients received 
either prednisone or dexamethasone as part of their chemother-
apy regimens). The strength of our study consists of reporting 
data of patients followed at various points throughout the course 
of the disease. Moreover, weight and height were objectively 
measured, whereas, in other studies, these data were self-
reported   [ 19         – 22 ]  . This is a relevant aspect, as self-reported 
weights tend to underestimate the true BMI   [ 23 ]  .

  In conclusion, we found that most MM patients are overweight 
or obese, and they remain so during the various stages of the 
disease. Obesity did not appear to produce a negative impact on 
survival of MM patients. Our results were confi ned to US 
patients, and they may not be valid for all MM patients living in 
the rest of the world, but we should also acknowledge that the 
prevalence of obesity is progressively increasing worldwide.

    Confl ict of Interest
 ▼
   None declared.
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