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Abstract

Sarcopenia, defined as loss of muscle mass, can occur with aging. We conducted a single-center
retrospective analysis to evaluate the impact of muscle quality in multiple myeloma (MM), a
hematologic cancer of older adults, undergoing autologous hematopoietic cell transplantation
(autoHCT). Healthy muscle was quantified by measuring the percent of high-density muscle
within the L3 psoas muscle using a novel computed tomography method in 142 eligible patients.
Early post-transplant complications were assessed in the first 100 days after transplant.
Sarcopenia, defined as <80% high-density muscle, was found in 72 (51%) patients. Sarcopenic
obesity, defined as sarcopenia and a BM1>30, was found in 32 (23%) patients. One or more early
complications occurred in 22 (16%) patients. Cardiovascular events accounted for 36% of all
complications. Patients with sarcopenia had more cardiac complications (12.5%) than patients
without (2.9%, p=0.03). Multivariate analysis revealed increased BMI at transplant, but not
sarcopenia, was associated with worse OS (hazard ratio: 1.11, 95% confidence interval: 1.02-1.22,
p=0.02). Our analysis suggests that sarcopenia is prevalent in MM and associated with increased
early post-transplant cardiovascular complications in MM. Obesity, regardless of sarcopenia, is
associated with worse survival in MM. Our study generates hypothesis-generating data to risk-
stratify patients being considered for autoHCT.
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Introduction

Sarcopenia, a reduction in muscle mass, composition, quality, and/or strength, is common in
older adults® 2 and is associated with chronic disease states, fatigue, falls and overall
mortality.l: 3 Sarcopenic obesity is the combination of sarcopenia and increased fat mass?
and has been associated with poor clinical outcomes.* The presence of sarcopenic obesity in
cancer has been studied in several solid tumors,* but its effect in hematologic cancers is
underexplored.>: 6

Multiple myeloma (MM) is the second-most common hematologic malignancy affecting
nearly 30,000 new individuals annually in the United States.” New treatments, including
novel therapies and the optimal use of autologous hematopoietic cell transplantation
(autoHCT) have significantly improved the outcomes of MM patients.® Nevertheless, these
treatments can increase toxicity burden, sometimes precluding the ability of patients to
complete therapies and/or tolerate future exposures to treatments. The median age at
diagnosis of MM in the U.S. is 69 years with a majority of MM patients aged 65-74 years,
which increases their risk of sarcopenia and makes symptom burden and management
particularly important in this incurable chronic disease.’

Given that increasing age, a risk factor for sarcopenia, and obesity are risk factors for MM,°
we hypothesized that sarcopenia and sarcopenic obesity are prevalent in MM patients. The
primary objectives of this study were to determine the prevalence of sarcopenia and
sarcopenic obesity in MM patients undergoing autoHCT, to determine any significant
correlations between sarcopenic obesity and baseline patient-, disease- and treatment-related
characteristics, and to assess the impact of sarcopenia and obesity on early post-transplant
course, progression-free, and overall survival.

Subjects and Methods:

Patients:

Measures:

This IRB-approved single-center retrospective study included all MM patients who had a
first autoHCT between January 2013 and December 2017 and underwent a computerized
tomography (either CT or PET/CT) scan within 6 months prior to transplant. Figure 1 shows
a flow chart of patient selection.

Muscle mass and composition: Sarcopenia was assessed employing a CT image
containing the psoas muscle at the third lumbar vertebral level (L3). Previous studies have
shown that evaluation of the psoas muscle at the L3 level well approximates overall body
composition.1% The Advantage Workstation Volume Viewer software was used to calculate
the cross-sectional area of the psoas muscle at L3 level and the histogram feature was used
to assess the percentage of fat, low density muscle, and high-density muscle within the
psoas. Fat was defined as attenuation less than —29 Hounsfield Units (HU), low-density
muscle was defined as attenuation between —29 and +29 HU, high-density muscle
attenuation was defined as attenuation >+29 HU.
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Definitions of sarcopenia and sarcopenic obesity: Patients with < 80% high density
muscle were categorized as sarcopenic. This cutoff was determined using a sensitivity
analysis that provided the best cut-point by muscle density. Patients were classified as
sarcopenic obese if sarcopenia was accompanied by BMI > 30.

Clinical Variables of Interest: Chart reviews were conducted for each patient in the
study in order to collect baseline characteristics and post-transplant complications. The
variables considered in this analysis included age at transplant, sex, BMI at transplant, stage
of disease using International Staging System (ISS) and Revised International Staging
System (R-ISS), presence of bone lesions, Hematopoietic Cell Transplant- Comorbidity
Index (HCT-CI), and Karnofsky Performance Status (KPS).

To assess early post-transplant outcomes, we chose the following transplant-related
complications, all occurring within the first 100 days post-transplant as parameters for our
evaluation: unplanned hospitalization, total days spent in hospital, discharge to a
rehabilitation facility, ICU transfer, cardiovascular events defined by heart failure or
arrhythmia, renal failure necessitating dialysis, respiratory failure requiring intubation, and
sepsis. Overall survival (OS) was defined as time from transplant to last follow up or death.
Progression free survival (PFS) was defined as time from transplant to last follow up or
relapse. Age at transplany, BMI at transplant, Karnofsky performance status, and outpatient
transplant were considered in the multivariate analysis for OS and PFS. Due to a relatively
low number of events (relapse and death), we were unable to include variables of potential
interest such as stage of disease, HCT-CI, pre-transplant disease status, and conditioning
melphalan dose into the multivariate analysis. Alive patients were censored at last follow up.

Statistical Analysis:

Psoas area measurements were indexed to the total psoas area and presented as percent high-
density muscle. Patients were divided into two cohorts distinguished by <80% and >80%
high-density muscle. Demographic and disease characteristics were summarized using
descriptive statistics and compared between the study cohorts using t-test and Wilcoxon-
Mann-Whitney test for continuous and ordinal measures, respectively, and chi-square tests
for categorical outcomes. Survival curves were estimated using the Kaplan-Meier method
and compared between groups via the log-rank test. The cumulative incidence of
engraftment was estimated using the Nelson-Aalen estimate with death without engraftment
as competing risk. Cox proportional hazards model was fitted with percent high-density
muscle (<80 versus >80) as the main effect for the primary endpoint, overall survival (OS).
Owing to the small sample size, only BMI at transplant, sarcopenia, KPS and outpatient
transplant were considered in the multivariable analysis. Progression-free survival (PFS) was
also analyzed similarly as a secondary endpoint. Analyses were performed using SAS 9.4
(SAS Institute, Cary, NC).
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Patient characteristics:

Sarcopenia:

Baseline characteristics of the study population are described in Table 1. The median age at
transplant was 62.4 years, ranging from 38.2 to 78.7 years, 65% were male. Median BMI at
transplant was 28.9 kg/m2, ranging from 17.8 to 46.1 kg/m2. According to the BMI
classification, 59 (42%) patients were obese (BMI > 30), 56 (39%) were overweight (25 <
BMI < 30), 26 (18%) were normal weight (18.5 < BMI < 25), and 1 (<1%) was underweight
(BMI < 18.5).

Sarcopenia was found in 72 (51%) patients. Sarcopenic obesity was found in 32 (23%)
patients. There were no significant baseline characteristics between the groups with and
without sarcopenia.

Sarcopenia and Early Post-Transplant Events:

Early post-transplant complications among patients with and without sarcopenia are
displayed in Table 1. One or more adverse events were found in 22 (16%) patients. Any
complication (adverse events, ICU transfer, or unplanned hospitalization) occurred in 39
(27.5%) patients. Cardiovascular events were the most common, accounting for 36% of all
adverse events. Patients with sarcopenia exhibited more cardiac complications (12.5%) than
patients without sarcopenia (2.9%) (p=0.03). There were no significant differences in other
complication rates between patients with and without sarcopenia.

Association with Survival:

The median follow-up of survivors with sarcopenia (27.2 months, range 12.4-71.3) or those
without sarcopenia (33.0, range 12.8-74.3) was similar (p=.09). On multivariate analysis,
sarcopenia was not associated with overall mortality (Table 2). However, increasing BMI at
transplant was associated with worse OS (hazard ratio: 1.11, 95% confidence interval: 1.02—
1.22, p=0.02). Sarcopenia, BMI at transplant, KPS, and outpatient transplant were tested in
the multivariate analysis for OS. We additionally looked for an interaction between BMI at
transplant and sarcopenia and this was not significant (hazard ratio 0.94, 95% confidence
interval 0.77-1.13, p=0.50). Sarcopenia, BMI at transplant, nor age at transplant were
associated with PFS, hazard ratio 1.20, 95% confidence interval 0.67-2.06, p=0.58, hazard
ratio 1.02, 95% confidence interval 0.97-1.08, p=0.40, and hazard ratio 10.1, 95%
confidence interval 0.97-1.08, p=0.68 respectively.

Discussion:

In this study of sarcopenia in MM patients undergoing autoHCT we make the following
observations: 1) ) Sarcopenia was observed in 51% and sarcopenic obesity was observed in
23% of MM patients undergoing autoHCT, 2) despite the low rate of day 100 complications,
autoHCT patients with sarcopenia were more likely to have cardiovascular complications, 3)
Obesity was associated with reduced overall survival.
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Sarcopenia and sarcopenic obesity have been associated with poorer outcomes in many
clinical conditions.# 5 11. 12 Sarcopenia has been associated with dose-limiting toxicity,
surgical complications, extended hospitalization, physical disability, and decreased survival.*
A recent study evaluating the significance of sarcopenia in lymphoma patients via CT
analysis of muscle within the L3 vertebral level showed that sarcopenia was associated with
higher non-relapse mortality, more complications, and more days spent in hospital among
men who underwent autologous stem cell transplant for different types of lymphoma.>
Similarly, we report that sarcopenia is associated with higher incidence of cardiovascular
complications in MM patients undergoing autologous stem cell transplant. Previous studies
have reported that sarcopenia was independently associated with higher prevalence of
cardiometabolic risk factors and established atherosclerotic cardiovascular disease, even in
otherwise “healthy” populations.13-15 Although the detailed mechanism requires further
investigation, it has been hypothesized that the decrease in myocytes, a cell type whose
endocrine role involves the secretion of myokines with beneficial cardiovascular effects,
seen in sarcopenia could contribute to the association with poorer cardiovascular status in
these patients.14 Other studies hypothesize that both sarcopenia and cardiovascular disease
share common pathways such as insulin resistance, decreased physical activity, and/or a
high-inflammatory state that contribute to the development of both conditions.1® Similar
pathology may be at play here, supporting the relationship between sarcopenia and post-
transplant cardiovascular complication in MM patients.

We report a 51% prevalence of sarcopenia in our study. We did not find an association with
sarcopenia and overall survival. A 2018 study evaluating sarcopenia in lymphoma patients
undergoing autologous or allogeneic HCT by assessing muscle composition at the L3
indexed to height reported similar prevalence of sarcopenia (47-55%) similar to that
reported here. Sarcopenia was also not related to clinical outcomes post-autologous
transplant in that population.18 Within MM, the evidence regarding sarcopenia and survival
is unclear. One study found that morphometric analysis of the psoas muscle using CT is
predictive of OS in MM patients with spinal metastases.1” Another study evaluating
sarcopenia in MM patients by assessing total psoas area found that sarcopenia did not
predict overall survival in that cohort.18 The use of differing methods to evaluate sarcopenia
may explain these inconsistent findings within the MM literature. Some studies have used
total psoas area while others have used high-density area indexed to a standard (either height
or total psoas area). These differences in methodology could account for the mixed evidence
regarding the significance of sarcopenia in MM currently laid out in the literature.

Given that obesity and age are both risk factors common to both MM and to sarcopenia, we
hypothesized there would be high rates of sarcopenia in MM patients.3 @ Aging leads to
changes in body composition such as increase in visceral fat and reduced muscle mass.3 MM
is a cancer of older adults with 30% of patients being over the age of 75.% Obesity is
associated with increased incidence of MM and mortality from MM.® Obesity may also
potentiate the development of sarcopenia.3 The considerable roles that age and obesity play
in disease processes led us to hypothesize that sarcopenia would be prevalent in MM.
Contrasting our hypothesis are study results from Japan showing that low subcutaneous
adipose tissue measured on CT was associated with decreased overall survival in a small
study of newly diagnosed MM patients.1® These conclusions may stem from the fact that
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these studies are conducted in very different patient populations. For example, rates of
obesity in Japan and obesity-related consequences differ greatly from those in the United
States. While we did not find an association between sarcopenia and survival in MM, our
data did show a negative association of obesity in MM. Similar to our study, Mishra et al
report an increased fat index in patients undergoing allogeneic HCT was associated with
worse overall survival.20 It has been postulated that obesity perpetuates a high-inflammatory
state as adipocytes release inflammatory markers that could contribute to inferior 0S.21 In
contrast, other studies, report an association between obesity and improved survival,
potentially due to larger energy stores. Specific to myeloma, Vogl et al describe an
association between higher BMI and improved PFS, OS, and risk of progression thought to
be potentially related to how anti-myeloma treatments distribute throughout the body in
obese patients.22 This phenomenon has been described as the obesity paradox.23 These data
suggest that body composition at either extreme could play a role in the disease process,
response to treatment, and outcomes.

MM patients undergo rigorous treatment regimens including chemotherapy with steroids,
autoHCT, as well as post-transplant continuous maintenance therapy. These interventions,
though life prolonging, are likely to affect body composition. It is well known that steroids
increase body fat as well as contribute to muscle atrophy, weakness, and fatigue.24 Recent
literature identifies chemotherapy itself as a direct contributor to sarcopenia. Proposed
mechanisms include: 1) impaired food intake with reduction in vitamin D, omega 3 fatty
acids and protein, 2) reduced physical activity secondary to fatigue, 3) the direct effect of
chemotherapy or targeted agents on muscle, and 4) malabsorption secondary to mucositis or
treatment related pancreatic insufficiency.2® Lifestyle interventions can modify sarcopenia.
26-29 The goals of these interventions are to decrease fat mass, improve fat-associated
dysregulation of metabolism and inflammation, increase muscle mass, and improve muscle
strength and physical function.2” Studies show that low-calorie, high-protein diets in
conjunction with physical activity with a focus on aerobic exercise resistance training are
well-established interventions that have significantly improved muscle strength and
composition and also decrease fat mass.26-28 Other novel therapies under investigation
include pharmacologic therapies such as myostatin inhibitors and testosterone, among
others.26: 28 Ongoing studies are needed to see if pharmacological therapies also have a role
in the treatment of sarcopenia.2® Although various studies have identified ways to modify
sarcopenia, interventions aimed at modifying sarcopenia in patients with MM have not been
explored.2’

Our study is limited by a relatively small sample size, low incidence of post-transplant
complications, and an arbitrary definition of sarcopenia. Further investigation is needed to
better characterize the prognostic significance of sarcopenia and sarcopenic obesity in this
population. Future directions to achieve this will incorporate gender and aged-matched
controls to better define sarcopenia caused by MM, analyzing serial scans to assess how
changes in body composition affect disease course in the longer term, and expanding our
study population. We conclude that sarcopenia and sarcopenic obesity are prevalent in MM
patients undergoing autoHCT. This study illustrates that even though MM patients
undergoing autoHCT have an inherently low rate of early post-transplant complications,
cardiovascular events, the most common early post-transplant complication, are significantly
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more common among MM patients with sarcopenia. Obesity, regardless of sarcopenia, is
associated with worse overall survival in MM. Our study generates hypothesis-generating
data to risk-stratify patients being considered for autoHCT.
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Multiple myeloma patients receiving firstautoHCT Jan 2013 — Dec 2017
N=445

l

CT/PET-CT done within 6 months prior to transplant
N=176

l

First autoHCT for myeloma with no tandem transplant
N=168

Page 10

No CT or PET-CT within 6 months prior to transplant, N=269

Received tandem transplant, N=8

Further exclusions on chart review due to mis-coded diagnosis, N=14
- Plasma cell leukemia, N=8

- POEMS Syndrome, N=4

- Monoclonal gammopathy of renal significance, N=1

- Follicular lymphoma, N=1

Patients whose scans were reviewed for sarcopenia measurements
N=154

Final analysis population
N=142

Figure 1.
Flow chart of study population

Exclusions during imaging analysis, N=12

- Images with too much artifact, N=4

- Images did not contain L3 vertebrae, N=5

- HardwareatL3 level, N=2

- Tumorinfiltration into psoas at L3 level, N=1
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Baseline characteristics and outcomes

Table 1.

| Sarcopenia N=72 |

No Sarcopenia N=70 | P value

Median Age at Transplant (range) | 63.3 (38.2-78.6) | 59.7 (43.8-78.7) | 0.7
Male (%) | 46 (63.99) | 46 (65.79%) | 08
Race (White) (%) | 63 (87.5%) | 59 (84.3%) | 0.6
Median BMI at Transplant (range) | 29.0 (21.5-46.1) | 28.8 (17.8-40.8) | 0.1
Time from Diagnosisto Transplant | 5.4 (0.7-30.2) | 5.4 (3.3-27.6) | 0.6
Stage (1S9) 0.5
1SS-1 25 (36.8%) 22 (33.3%)

1SS-11 27 (39.7%) 25 (37.9%)

1SS-111 16 (23.5%) 19 (28.8%)

BoneLesions | 63 (87.5%) | 56 (80.0%) | 0.2
Median HCT-CI | 1.0 (0.0-8.0) | 1.0 (0.0-7.0) | 0.7
KPS 48 (66.7%) 44 (62.9%) 0.6
=90

Linesof Induction 0.2
1 59 (81.9%) 63 (90.0%)

2 13 (18.1%) 7 (10.0%)

Pre-transplant disease status 0.3
>VGPR 44 (61.1%) 37 (52.9%)

<PR 28(38.9%) 33 (47.1%)

Melphalan dose 0.6
140 mg/m2 9 (12.5%) 11 (15.7%)

200 mg/m2 63 (87.5%) 59 (84.3%)

Outpatient Transplant | 21 (29.2%) | 18 (25.7%) | 0.6
Day 100 complications | | |
Any Complication | 24 (33.3.%) | 15 (21.4%) | 0.3
Any Adverse Event * | 14 (19.4%) | 8 (11.4%) | 0.2
ICU Transfer | 3(3.5%) | 2 (2.9%) | 0.7
Cardiovascular Event | 9 (12.5%) | 2 (2.9%) | 0.03
Renal Failure | 2299 | 0.0%) | 02
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| Sarcopenia N=72 | No Sarcopenia N=70 | P value
Respiratory Failure | 0 (0.0%) | 0 (0.0%) | NA
Sepsis | 6 (8.3%) | 7 (10.0%) | 07
Unplanned hospitalization | 17 (23.6%) | 11 (15.7%) | 0.2
Total days spent in hospital | 12.0 (0.0-40.0) | 12.0 (0.0-43.0) | 08
Dischar geto rehab fadility | 3(42) | 4(57) | 07
Median f/u as survivors (months) | 27.2 (12.4-71.3) | 33.0 (12.8-74.3) | 0.09

*
Any adverse event describes any patient experiencing cardiovascular event, renal failure, respiratory failure, sepsis, or ICU transfer. If one patient
experienced more than one adverse event, it is reported as one adverse event by this definition.

Similarly, any complication (CV, renal, respiratory, sepsis, ICU transfer, unplanned hospitalization) is reported as complication per patient. If one
patient experienced more than one complication, it is reported as one in this category.
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Table 2.

Multivariate analysis of overall survival

Hazard Ratio | ConfidenceInterval | Pvalue
Sarcopenia 1.28 0.47-3.48 0.63
Outpatient Transplant | 0.47 0.13-1.73 0.26
KPS 1.24 0.43-3.56 0.69
BMI at Transplant 111 1.02-1.22 0.02
Ageat Transplant 1.05 0.98-1.12 0.14
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