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Abstract

Background Low skeletal muscle mass (LSMM) and/or, function associated with an increased risk of treatment-
related toxicities and inferior overall survival (OS) among adults with solid malignancies. However, the association
between LSMM and treatment-related toxicities among adults with haematologic malignancies remains unclear.
Methods Using a pre-published protocol (CRD42020197814), we searched seven bibliographic databases from incep-
tion to 08/2021 for studies reporting the impact of LSMM among adults ≥18 years with a known haematologic malig-
nancy. The primary outcome of interest was OS, and secondary outcomes included progression free survival (PFS) and
non-relapse mortality (NRM). These effect sizes were quantified in terms of hazards ratio (HR) along with 95% confi-
dence interval (CI) and pooled across studies using a DerSimonian–Laird random-effects model. Heterogeneity was
assessed using the Cochran’s Q and the I2 statistic. All hypothesis testing was two-sided with an alpha of 0.05.
Results Of 3791 studies screened, we identified 20 studies involving 3468 patients with a mean age of 60 years; 44%
were female and the most common malignancy was diffuse large B-cell lymphoma (42%). Most studies measured mus-
cle mass using single slice computed tomography imaging at the L3 level. The presence of LSMM was associated with
worse OS (pooled HR = 1.81, 95% CI = 1.48–2.22, P < 0.001) with moderate heterogeneity (Cochran’s Q,
I2 = 60.4%), PFS (pooled HR = 1.61, 95% CI = 1.28–2.02, P < 0.001) with moderate heterogeneity (Cochran’s Q,
I2 = 66.0%). Similarly, LSMM was associated with worse NRM (HR = 1.72, 95% CI = 1.34–2.22, P < 0.001) with little
evidence of heterogeneity (Cochran’s Q, I2 = 0.0%).
Conclusions LSMM is associated with worse survival outcomes among adults with haematologic malignancies.
Further research into understanding the underlying mechanism of this association and mitigating the negative effects
of LSMM among adults with haematologic malignancies is needed.
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Introduction

Sarcopenia, coined by Irwin Rosenberg in 1988, is defined as
a syndrome characterized by progressive and generalized loss
of skeletal muscle mass (SMM) and strength, associated with
adverse outcomes like physical disability, poor quality of life,
and death.1 Age-related muscle mass decline can begin as
early as the fourth decade of life and continues linearly with
age.2 Sarcopenia’s clinical significance in older adults has gar-
nered attention over the past 3 decades with multiple studies
associating it with increased likelihood of adverse outcomes
including falls, fractures, physical disability and all-cause
mortality.2,3

Despite longstanding knowledge of sarcopenia and its
prognostic value in the general population, its significance
among cancer patients was not realized until more recently.
In 2004, Shen et al. reported that a single cross-sectional im-
aging at the lumbar vertebral level can be used to accurately
measure total body muscle mass.4 Mourtzakis et al. later val-
idated this method among cancer patients using computed
tomography images acquired during routine cancer care.5

Since then, a number of authors have studied the impact of
low skeletal muscle mass (LSMM) in cancer populations
within a relatively short period, making it necessary to per-
form a comprehensive review to summarize the collective ev-
idence to date on the clinical significance of sarcopenia
among patients with cancer. To that end, systematic reviews
on the impact of sarcopenia among patients with solid tu-
mours have been published.6 These studies demonstrate that
the presence of LSMM correlates with worse survival in indi-
viduals diagnosed with solid tumours.6 However, to our
knowledge, only few older studies have focused among pa-
tients with haematologic malignancies.7,8 Given the varying
demographic characteristics, treatment regimens and life ex-
pectancies of patients with haematologic malignancies versus
solid tumours, a separate and updated review on the impact
of LSMM on adverse outcomes in this population is
warranted.

In this systematic review and meta-analysis, we summarize
the evidence to date on the prevalence and impact of LSMM
on adverse outcomes among adults with haematologic
malignancies.

Methods

This systematic review and meta-analysis was performed
in accordance with a previously published protocol
(CRD42020197814). Our findings are reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement for meta-analysis.9 The
checklist is provided in Table S1.

Search strategy and selection criteria

A systematic search of the literature was conducted by a
medical librarian (AAG) in Cochrane Library, Google Scholar,
Ovid Embase, Ovid MEDLINE, PubMed, Scopus, and Web of
Science Core Collection databases to identify relevant articles
published from the inception of each database to August 16,
2022. The search was peer-reviewed by a second medical
librarian using PRESS (Peer Review of Electronic Search
Strategies).10 Databases were searched using a combination
of controlled vocabulary and free text terms for sarcopenia,
SMM, and haematologic malignancies. The search was not
limited by publication type or year. Search strategies for all
databases used in this study can be found in Table S2.
CitationChaser was used to search the reference lists of
included studies to find additional relevant studies not re-
trieved by the database search.11

Selection criteria

After preliminary screening, the full text of potentially eligible
studies was reviewed independently by two authors (N. A.
and M. S. P.) to confirm final eligibility for qualitative and
quantitative synthesis based on the following inclusion
criteria: (a) studies evaluating muscle mass with or without
muscle function among adults ≥18 years diagnosed with a
haematologic malignancy (as defined by the World Health Or-
ganization); (b) involving measurements of muscle mass
using a validated tool including dual-energy X-ray absorpti-
ometry (DXA), computed tomography, magnetic resonance
imaging, or bioelectrical impedance analysis (BIA); and (c)
reporting the impact of LSMM on at least one clinical out-
come. Relevant clinical outcomes of interest included at least
one of the following: progression-free survival (PFS), overall
(OS) or cancer-specific survival and/or treatment related tox-
icity/adverse events. The exclusion criteria were (a) studies of
patients with non-haematologic malignancy, or a combina-
tion of both solid tumours and haematologic malignancies
that did not report outcomes separately for haematologic
malignancies; (b) studies published in an abstract form only;
(c) review articles, editorials, commentaries or basic research
articles; (d) case reports or case series with <5 patients; (e)
duplicate publications from the same patient cohort;
(f) clinical trials without published results; and (g) studies
without availability of full text in English.

Data extraction

Two authors (N. A. and M. S. P.) independently reviewed the
final eligible studies and extracted data sheet using the
Covidence extraction tool for the study characteristics, which
included the types of studies, number of participants,
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malignancies included, and methods used to define and mea-
sure LSMM. A third author (S. G.) included or excluded the
studies that required consensus by reviewing the study and
utilizing the study characteristics noted by the original two
authors (N. A. and M. S. P.). The subset of articles included
in the study was agreed upon by all authors. A separate
pre-piloted excel spreadsheet was used to extract the final
clinical outcome data, which included the effect sizes for
OS, PFS, and non-relapse mortality (N. R. M.).

Definition of low skeletal muscle mass

For this systematic review, we allowed studies that defined
LSMM based on measurement of muscle mass regardless of
muscle function/performance.1 Given the lack of a universally
agreed-upon cut-point for computed tomography (CT) mea-
sures of muscle mass below, which someone would be con-
sidered to be sarcopenic, we followed the sarcopenia
cut-point definitions used by individual studies.1

Definition of clinical outcomes

The primary efficacy outcomes included overall survival (OS),
defined as the length of time from the date of diagnosis or
start of treatment of the malignancy to date of death or last
contact if alive; progression-free survival (PFS), defined as
time from clinical trial random assignment to the date of
first-confirmed progression or date of death, whichever
happened first; and NRM, defined as death without relapse/
recurrence after treatment. We quantified the effect mea-
sure in terms of hazard ratio (HR) along with 95% confidence
interval (CI). If multiple publications were available from the
same study, the one with the longest available follow-up re-
sults was used to extract the summary effect.

Quality assessment

We used the Joanna Briggs Institute (JBI) Critical Appraisal
Tool to assess the quality of the 20 published studies included
in this systematic review.12 By following the JBI’s 11-question
checklist for cohort studies, two co-authors (N. A. and
M. S. P.) independently conducted a critical appraisal of the
included studies to determine the quality and extent of bias
in study design and analysis. The 11 categories address the
following domains: method of recruitment and selection bias;
consistency in the measurement of SMM; identification of
confounding variables and whether they were accounted
for through multivariable analyses; the validity and reliability
of the measurements of SMM and outcomes, including a
clear explanation of how death was determined; a
follow-up time point of at least 1 year with an event rate of
>10%; identification of significant losses to follow-up and

whether they were accounted for through Kaplan–Meier or
Cox regression analysis. Consensus was reached via discus-
sion among authors about any discrepancies and each study
was then given an overall appraisal score that conveyed inclu-
sion or exclusion, with a plan to exclude any study that had
three or more ‘no’ or ‘unclear’ quality categories.

Statistical analysis

All statistical analyses were conducted according to a
pre-published protocol. We extracted the study level baseline
characteristics (such as age, sex, and cancer type) to estimate
pooled summary measures. For studies that did not report
continuous variables in terms of means and standard devia-
tions, we estimated these measures using median, range
and sample size using a validated method suggested by Hozo
et al.13 We extracted study level OS, PFS, and NRM HRs along
with 95% CI comparing patients with LSMM versus patients
with normal SMM as the reference category. Subsequently,
we pooled relative log HRs across multiple studies using the
DerSimonian–Laird random effects mode. We chose to pool
effect size using random effects model, a priori, as we antic-
ipated the eligible studies to include heterogeneous popula-
tions with varying treatment regimens. However, to assess
the robustness of our overall pooled estimates, we used al-
ternative pooling methods including fixed effects model,
Henmi–Copas approximate Gamma model, profile likelihood
with Bartlett’s correction, Doi’s inverse variance heterogene-
ity model, restricted maximum likelihood estimation using
Kenward and Roger’s approximate correction to the covari-
ance matrix and degrees of freedom. We assessed study level
heterogeneity using Cochran’s Q and I2 statistic and explored
evidence of any substantial heterogeneity with appropriate
sensitivity/subgroup analysis. We conducted subgroup
analyses for patients with the three major categories of
haematologic malignancies, that is, leukaemia, lymphoma,
and multiple myeloma. To identify potentially influential
studies, we conducted a leave-one-out meta-analysis where
we computed overall effect size after removing one study
at a time. Lastly, we evaluated for the presence of publication
bias using funnel plot and Egger’s regression intercept. All
statistical analyses were performed using admetan and meta
package on STATA v16.0 (StataCorp LLC College Station Tx).
All P values were two-sided and the level of significance
was set at 0.05.

Results

Our systematic search yielded 7095 citations (Figure S5). After
removing duplicates, 4547 citations underwent title and ab-
stract screening, and 143 citations met the criteria for full text
review. Of these, 126 papers were excluded for no outcomes
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data, ineligible patient population, ineligible outcomes, con-
ference abstracts, duplicate study data, non-English language,
no original data, ineligible comparator, duplicate, or ineligible
settings (Table S3). Twenty studies involving 3468 patients
were selected for final qualitative and quantitative synthesis.

The pooledmean age of the patient populationwas 60 years
and 44%were females. Themost commonmalignancy was dif-
fuse large B-cell lymphoma (42%). The patients received vari-
ous treatment regimens including combination chemoimmu-
notherapy, and autologous or allogeneic haematopoietic cell
transplantation. Table 1 presents the characteristics of the
study populations across these 20 studies.

Quality of studies

Using the JBI tool, all 20 studies received an overall
high-quality rating. In the JBI tool for cohort studies, category

seven assesses the validity of the survival outcomes, and we
found that only two studies14,15 clearly reported that survival
was reported based on official national death records. Four
studies16–19 did not provide a statement on how death was
reported, and this ambiguity introduced bias. Quality assess-
ment of these studies is presented in Table 2.

Measurement of skeletal muscle mass

All 20 studies measured SMM by using CT images that were
obtained as a part of routine oncologic care. Overall, 80%
of the studies14–17,19–30 utilized cross-sectional images at
the level of L3 vertebral body to measure skeletal muscle
area. Only 15%31–33 used muscle measurements at other ver-
tebral body levels (T4, L1, and L4) and 5% used measure-
ments at the psoas muscle level.18 None of the studies used

Table 2 Quality assessment of included studies using the Joanna Briggs institute (JBI) critical appraisal checklist for cohort studies

Green colour signifies yes to the quality assessment question. Yellow colour signifies unclear.
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objective tests of muscle function/performance, such as
handgrip strength or gait speed, as recommended in the up-
dated European Working Group on Sarcopenia in Older Peo-
ple (EWGSOP2) definition.1

Cut-points used to define low muscle mass

Of the 20 studies, 55% used pre-existing sex-specific cut-
points from prior literature to define LSMM in their patient
population. Thirty per cent of studies14,15,17,19,21,28 used stan-
dardized and validated cut-offs by Martin 201334 and Prado
2009,35 which identified optimum cut-points of LSMM to be
<43 cm/m2 (BMI < 25 kg/m2) or <53 cm/m2 (BMI ≥ 25 kg/
m2) in males and <41 cm/m2 (regardless of BMI) in females.
Ten per cent of the studies20,26 used the pre-existing defini-
tion of LSMM by Lanic 201325 which was <55cm2/m2 for
males and <39 cm2/m2 for females, while another 10%22,27

used pre-existing cut-points from other literature. Five per
cent30 of the studies utilized cut-points that were defined
based on pre-existing census on cancer cachexia.

The remaining 45% of the studies in this review developed
internal data-driven cut-points, with 10%16,25 using the mini-
mum P value method, 10%31,33 categorizing the lowest quar-
tile of SMI in their patient population to be sarcopenic, 5%29

categorizing patients with ≤80% high-density muscle to be
sarcopenic, and 20%18,23,24,32 using receiver operator curve
analysis to identify sex-specific cut-offs for their population’s
CT measurements.

Impact of low skeletal muscle mass on overall
survival

Of the 20 studies reporting on the impact of LSMM on
all-cause mortality, all but three studies17,20,21 had HR point
estimates suggesting a detrimental impact of LSMM on sur-
vival. This was confirmed in our pooled analysis which
showed that LSMM was associated with a significantly in-
creased risk of all-cause mortality (pooled HR = 1.81 (95%
CI = 1.48–2.22, P value <0.001) (Figure 1). There was evi-
dence of moderate heterogeneity among the studies
(I2 = 60.4%; Cochran’s Q P value .003).

Figure 1 Forrest plot showing impact of low skeletal muscle mass on overall survival. As compared with those with normal skeletal muscle mass, pa-
tients with low skeletal muscle mass had worse overall survival (pooled hazard ratio 1.81; 95% CI 1.48–2.22), P value <0.001).
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Impact of low skeletal muscle mass on
progression-free survival

Overall, 13 studies reported PFS outcome data. Our
meta-analysis revealed that LSMM was associated with a sig-
nificantly increased risk of progression or death (pooled
HR = 1.61 (95% CI = 1.28–2.02, P value <0.001) (Figure 2).
Again, there was evidence of moderate heterogeneity (I2 sta-
tistic = 66.0%; Cochran’s Q P value 0.02).

Impact of low skeletal muscle mass on non-relapse
mortality

Three studies in allogenic stem cell transplant recipients re-
ported NRM as an outcome data. LSMM was associated with
an increased risk of NRM (pooled HR = 1.72; 95% CI = 1.34–
2.22, P < 0.001) with no evidence of heterogeneity (I2 0%;
Cochran’s Q P value 0.73) (Figure 3).

Evaluation of publication bias

We evaluated the presence of publication bias or small study
effects, visually by the use of funnel plots and statistically
using Egger’s regression intercept. Visually we found a largely
symmetric appearing funnel plot (supporting information)
showing no graphical evidence of small study effects; this
was confirmed quantitatively by Egger’s regression test,
where the regression intercept was not significantly different
from zero (β = 0.93; 95% CI �0.63 to 2.49, P value 0.26).

Sensitivity and subgroup analysis

To further explore the moderate level of heterogeneity seen
in our key results, we conducted a sub-group analysis based
on cancer type (myeloid, lymphoid, and other). Our results
showed a largely consistent relationship in terms of effect
size point estimates and direction on the impact of the LSMM
on outcomes regardless of malignancy type (supporting infor-

Figure 2 Forrest plot showing impact of low skeletal muscle mass on progression free survival. As compared with those with normal skeletal muscle
mass, patients with low skeletal muscle mass had worse progression free survival (pooled hazard ratio 1.61; 95% CI 1.28–2.02), P value <0.001).
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mation), albeit not statistically significant in the myeloma
subgroup. To assess the robustness of our findings, we used
alternative methods to estimate between study heterogene-
ity (T2), and our results were consistent regardless of the
pooling method (supporting information). Lastly, we found
no potential outliers with stable pooled hazard ratio esti-
mates using a leave-one-out meta-analysis approach
(supporting information).

Discussion

The findings of this systematic review and meta-analysis sug-
gest that the presence of LSMM in adult patients with
haematologic malignancies is associated with significantly
worse overall survival, progression-free survival, and
non-relapse mortality. This adverse prognostic impact of
LSMM appears to be consistent regardless of the type of
haematologic malignancy.

The results of this study highlight the importance of LSMM
in predicting adverse outcomes among patients with
haematologic malignancies. Whereas these findings are con-
sistent with the broader literature in the non-cancer
population,2,6 the consequences are likely much greater
among patients with cancer due to a high prevalence of
LSMM as reported before,36,37 and also seen in our study
population (reported prevalence ranging from 24% to 73%).
Prior to our study, two systematic reviews have been con-
ducted to summarize the existant literature on the impact
of LSMM on clinical outcomes among patients with
haematologic malignancies.7,8 Jia et al. summarized seven
studies reporting on the association between sarcopenia
and clinical outcomes among patients receiving
haematopoietic stem cell transplantation and concluded that
sarcopenia, defined as LSMM alone, was associated with 2

times higher odds of NRM and as well shorter OS.8 Mean-
while, Surov et al. reported that LSMM was associated with
a 2 times increased risk of all-cause mortality among patients
with haematologic malignancies.7 Whereas our findings are
in agreement with the above two studies, we have presented
a more updated and rigorous analysis of 20 individual studies
to comprehensively review the literature to date.

We observed that CT scans were uniformly used to quan-
tify muscle mass in all 20 included studies. This is not surpris-
ing because most cancer patients undergo CT imaging for di-
agnosis, treatment planning, or follow up providing a unique
opportunity to quantify muscle mass in these patients using
well established methods.4,5 Additionally, unlike traditional
methods such as BIA, or DXA, CT images provide direct quan-
tification of muscle mass and are therefore less prone to
measurement errors.38 We believe that the resulting unifor-
mity in measurement of muscle mass may have resulted in
an improved overall quality and validity of our analysis. Yet
we observed significant variation in the use of cut-points
for defining low muscle mass based on CT. It is worth noting
that consensus groups such as EWGSOP have proposed
cut-points for identifying low muscle mass using DXA or
BIA, but none for CT measurements.3 In our study, we found
that the cut-points provided by Prado et al.39 and Martin
et al.34 were the most commonly employed, but there was
significant variability with many studies using internal data
driven cut-points. We believe that such inconsistencies may
have resulted in high level of heterogeneity observed in our
pooled estimates.

Furthermore, we found that the existing literature on the
relevance of sarcopenia in oncology often does not include
a measurement of muscle function and instead only defines
sarcopenia relative to muscle mass measurements. This is in
sharp contrast to the newly updated EWGSOP2 criteria that
emphasizes muscle strength/performance as a critical com-
ponent of sarcopenia.1 This reductive, simplified definition ig-

Figure 3 Forrest plot showing impact of low skeletal muscle mass on non-relapse mortality. As compared with those with normal skeletal muscle
mass, patients with low skeletal muscle mass had worse overall survival (pooled hazard ratio 1.72; 95% CI 1.34–2.22), P value <0.001).
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nores the multi-faceted complexity of sarcopenia and does
not fully convey the breadth of its clinical impact among pa-
tients with cancer. A comprehensive evaluation of the clinical
impact of sarcopenia among patients with cancer should in-
corporate a measurement of muscle function, utilizing tech-
niques such as a dynamometer to assess hang grip strength.

The strengths of our systematic review include the narrow
focus of our research question with a unique patient popula-
tion as well as our clearly defined criteria-based selection of
relevant studies. Our selected studies were critically ap-
praised and concluded to be of high quality and validity.
The uniform methodological approach of our systematic re-
view objectively and comprehensively summarizes the cur-
rent literature to reduce researcher implicit bias. However,
there were limitations in our systematic review as well.
Firstly, in our screening and selection process, we excluded
conference abstracts and only included published,
peer-reviewed papers; this may have introduced potential
publication bias. Nevertheless, we made a conscious decision
to exclude abstracts due to potential for incomplete outcome
results and inability to comprehensive assess methodological
rigour and study quality. Secondly, we were unable to quanti-
tatively assess the impact of sarcopenia on treatment-related
toxicities due to lack of uniform reporting on this outcome.
Whereas few studies noted the presence of unfavourable
treatment-related effects that potentially led to treatment
discontinuation, these results were not numerically summa-
rized and thus could not be analysed objectively. Therefore,
the impact of sarcopenia on treatment-related toxicities in
patients with haematologic malignancies remains relatively
unclear at this time and future studies are needed to clarify
this further. Our study population is heterogeneous due to
the inclusion of different subtypes of haematologic malignan-
cies. Our pooled effect sizes for OS have significant heteroge-
neity and as such merely reflect an average impact of LSMM
across diverse haematologic malignancies. The degree of im-
pact of LSMM on treatment outcomes may vary by the
haematologic malignancy subtype, as suggested in our sub-
group analysis. Lastly, we cannot definitively conclude on a
causal association between sarcopenia and survival outcomes
largely due to uniformly retrospective nature of existing stud-
ies. Rigorous studies with prospective outcome ascertain-

ment as well as studies evaluating the impact of sarcopenia
reversal on such relevant outcomes may help clarify this
further.

In summary, our systematic review and meta-analysis
uniquely delves into the current evidence on the impact of
sarcopenia on haematologic malignancies and shows that sar-
copenia is associated with unfavourable survival outcomes
among adults with haematologic malignancies. These obser-
vations warrant future well designed prospective studies to
fully evaluate causality and underlying mechanisms and may
ultimately pave the way for mitigating interventions to even-
tually improve patient outcomes.
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