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Abstract

Introduction: Gynaecology cancers, including ovarian (OC), endometrial (EC), and cervical
(CC), are prevalent with high mortality. Sarcopenia is found in 38.7% of cancer patients,
adversely affecting prognosis. Computed tomography (CT) is performed routinely in
oncology, yet CT assessments of sarcopenia are not commonly used to measure prognosis.
This systematic review and meta-analysis aimed to evaluate the prognostic potential of pre-
treatment sarcopenia assessments on overall survival (OS) and progression free survival
(PFS) in gynaecology cancer.

Methodology: Four electronic databases were systematically searched from 2000 to May
2020 in English: Ovid Medline, EMBASE, Web of Science, and CINAHL plus. Titles and
abstracts were screened, eligible full-texts were reviewed, and data from included studies
was extracted. Meta-analyses were conducted on homogenous survival data, heterogenous
data were narratively reported.

Results: The initial search yielded 767 results; 27 studies were included in the systematic
review (n=4286), all published between 2015-2020. Meta-analysis of unadjusted results
revealed a negative effect of pre-treatment sarcopenia on OS in OC (HR:1.40, 1.20-1.64,
P<0.0001) (n=10), EC (HR:1.42, 0.97-2.10, P=0.07) (n=4) and CC (HR:1.10, 0.93-1.31,
P=0.28) (n=5), and a negative effect on PFS in OC (HR:1.28, 1.11-1.46, P=0.0005) (n=8),
EC (HR:1.51, 1.03-2.20, P=0.03) (n=2) and CC (HR:1.14, 0.85-1.53, P=0.37) (n=2).
Longitudinal analysis indicated negative effects of muscle loss on survival. Overall, there
was a high risk of bias.

Conclusion: Pre-treatment sarcopenia negatively affected survival in gynaecology
cancers. Incorporating such assessments into cancer management may be
beneficial. Heterogeneity in sarcopenia assessments makes data interpretation challenging.
Further research in prospective studies is required.
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Introduction

Cancer is responsible for one in eight deaths worldwide (1). Ovarian cancer (OC) has the
highest mortality amongst gynaecology malignancies (2). Eighty percent of cases are
diagnosed at advanced stage (3), increasing the likelihood of malnutrition and bowel
obstructions, and reducing overall survival (OS) (4).

Meanwhile, cervical cancer (CC) is the fourth most common female cancer in terms of
incidence and mortality (5). About 13% of patients are diagnosed with advanced disease;
associated with poor prognosis (6).

Endometrial cancer (EC) is the most common gynaecological cancer in high-income
countries (7,8). With 5-20% of patients asymptomatic, this increases the chance of later
diagnosis (9) and lower 5-year survival rates (15-58%) (10).

Malnutrition is a state of nutritional status in which a deficiency, excess, or imbalance of
energy and other nutrients cause measurable adverse effects (11). Cachexia is disease-
related malnutrition resulting from the systemic inflammation that occurs in response to an
underlying disease, like cancer (12). Over 50% of cancer patients experience cachexia (13),
and nearly one third of cancer deaths are due to cachexia (14).

Malnutrition is prevalent in gynaecology malignancies (15, 16) and is associated with
increased length of hospital stay (LOS), complications, and morbidities (4, 17, 18). At least
20% of gynaecology cancer deaths may be attributable to malnutrition rather than the
disease (19). The challenge with malnutrition in oncology is the lack of standard methods for
timely detection and treatment (12).

Nutritional deterioration in cancer is multifactorial (20). Metabolic changes, induced directly
from the tumour and indirectly from the cancer treatment, inhibit the utilisation of nutrients
and accelerate nutritional decline (19, 21-23).

A key contributor to the negative outcomes of cancer-associated malnutrition is reduction in
muscle mass (24). Sarcopenia is a muscular disorder characterised by the progressive loss
of muscle mass, strength, and function. Sarcopenia is associated with poor treatment
tolerance, increased complications, worse quality of life (QoL), and prognosis (25-27).
Cancer is a major cause of sarcopenia, with 20-70% of cancer patients described as
sarcopenic (20). A systematic review of 35 cancer studies identified 38.6% of patients with
pre-treatment sarcopenia (28). For OC, Aust et al. (29) reported 39% and Huang et al. (30)
found 33.8% had pre-treatment sarcopenia. Meanwhile, Ganju et al. (31) found 54% of EC
patients, and Lee et al. (32) reported 51% of CC patients had pre-treatment sarcopenia.
Evidently, sarcopenia is prevalent in gynaecology malignancies.

The test used to identify sarcopenia depends on patient mobility and accessibility of
resources. CT images of the third lumbar vertebra (L3) are the standard for measuring body
composition and identifying sarcopenia (33). The skeletal muscle index (SMI), skeletal
muscle density (SMD), and muscle attenuation (MA) are calculated from CT and commonly
used to identify sarcopenia (31, 34). Psoas muscle measurements are also used, though
this is controversial (33).

To date, there are no universally defined cut-off points for sarcopenia measured by CT,
despite it being a well-recognised approach (35). Prado et al. (36) was the first to establish
sex-specific cut-offs for SMI by CT, now commonly used in sarcopenia studies.

Using sarcopenia assessments to predict cancer prognosis is fairly novel, yet holds great
potential. A systematic review of 37 cancer studies found low SMI was associated with
worse outcomes (37). Additionally, a systematic review of 35 cancer studies established
sarcopenia was an independent predictor of postoperative complications, chemotherapy-
induced toxicity, and poor OS (28).

In light of this, the main objective of this systematic review and meta-analysis is to identify all
studies that measure pre-treatment sarcopenia by CT in patients with gynaecology
malignancies, and its association with OS and PFS. Gynaecology malignancies encompass
some of the most common and debilitating female cancers. Malnutrition and sarcopenia are
prevalent in gynaecology cancer and have detrimental impacts on survival. Moreover, CT
scans are routine in diagnosis, staging, and monitoring of gynaecology cancer, so these




could be used to concurrently assess body composition without placing additional burden on
patients or adding to care costs (33). The aim is therefore to highlight the importance of
incorporating nutritional assessments, including sarcopenia assessments, into gynaecology
cancer management, to identify malnutrition as early as possible.

Methods

Eligibility Criteria

The PICOTS (population, index, comparator, outcome(s), timing, setting) system was used
to identify the inclusion/exclusion criteria of this review (Appendix 1) (38). Observational
studies of ovarian (OC), cervical (CC), or endometrial cancer (EC) patients (primary or
secondary) undergoing treatment were included. The prognostic factor of interest was pre-
treatment sarcopenia assessments (skeletal muscle or psoas muscle measurements) and
the primary outcome was overall survival (OS). Studies published only as an abstract or not
available in English were excluded. Studies must not have altered treatment based on
sarcopenia assessment results.

Search strategy

A scoping review was carried out to identify the available literature and finalise the research
guestion. A comprehensive search strategy was developed for the systematic search with
three key components; sarcopenia, gynaecology cancer, prognosis (Appendix 2). The
search was limited to identify articles studying adults and published from 1% of January 2000
until 31* of May 2020. The search was conducted using four electronic databases; Ovid
Medline, EMBASE, Web of Science and CINAHL plus. Additional references were identified
through hand searching.

Study Selection

After the search was conducted and references collected, duplicates were removed.
Screening of titles and abstracts was carried to remove studies outside the inclusion criteria.
Full-text screening was carried out to remove studies where the abstract was not sufficient to
permit inclusion (Figure 1). This was done independently by the first author, then the fourth
author reviewed each step of the process.

Data Extraction

The first author extracted the following data from the included studies and collected it using
Microsoft Excel (version 16.16.24):

° General information (first author, year of publication, type of study, location, duration
of study, country, continent, sample size)

) Patient characteristics (age, cancer site, cancer stage, treatment undertaken, BMI)

° Pre-treatment sarcopenia assessment (timing, imaging method, muscle

measurement, cut-off, prevalence of sarcopenia)

Duration of follow up

Outcomes (definitions and methods of measurement)
Overall survival

Progression free survival

1/3/5-year survival estimates

Post-treatment complications

Length of stay

Longitudinal analysis

o Change in sarcopenia and effect on survival outcomes

Statistical Analysis, Heterogeneity and Quality Assessment

Analysis was carried out by the first author. Microsoft Excel was used for descriptive
statistics, and Review Manager 5 for meta-analysis. A generic inverse variance random-
effects model was used to pool unadjusted hazard ratios (HR) for OS (overall survival) and
PFS (progression free survival). Most studies provided this from cox-proportional regression
analysis. Where studies did not publish the HR and standard error (SE), data from results
reported in text, tables, and Kaplan-Meier (K-M) curves were retrieved, and an established
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calculator based on statistical methods for recovering survival data was used (Appendix 3).
It was intended to pool HRs from multivariable analysis, as adjusted results reveal the
prognostic value of the factor independent of other prognostic factors (38). However, as it is
recommended that adjusted results should only be used if very similar covariates have been
adjusted for, multivariable analysis could not be used (Appendix 4).

Meta-analyses were conducted separately for each cancer with subgroup analysis of
sarcopenia assessments. Sensitivity analyses were carried out to explore hypotheses, not to
form definitive conclusions.

Statistical heterogeneity was quantified using the I° statistic (I° >50% = moderate
heterogeneity; 12 >80% = considerable heterogeneity) (39). The quality of the studies (risk of
bias) was assessed using the Quality of Prognostic Studies (QUIPS) tool (40).

Publication bias was assessed using funnel plots and Egger’s and Begg’s tests (78-80). A
funnel plot was created where effect sizes were more than 10 (81). This is a scatter plot of
the effect estimates from individual studies against a measurement of the study’s sample
size or precision. Resemblance of a symmetrical inverted funnel supports that findings are
due to sampling variation alone; thus, absence of bias (81).

Results

Included Studies

The search yielded 767 results, reduced to 513 after duplicate removal. Overall, 27 studies
were included (Figure 1).

Table 1 presents details of included studies (29-32, 35, 41-62). Studies were published
between 2015-2020, with data collection between 2000-2017. Sample sizes ranged from 55
(60) to 323 patients (41). Studies comprised female patients aged 15-91.5 years with
ovarian (OC), cervical (CC), or endometrial cancer (EC) from American, European and
Asian cohorts. Follow up time ranged from 12 to 165 months.

Some studies by similar groups of authors partially used the same populations. To avoid
duplication in meta-analysis, the study with the greatest number of participants was used for
results reported in overlapping studies.

Patient Characteristics

A total of 4286 female patients with a mean age range of 50.5-65.9 years were included.
Fourteen studies included only OC patients (8 endometrial ovarian cancer), six EC, and six
CC. One study (55) included a combination of CC (55%), EC (26.8%), and OC (16.4%).
Sarcopenia Assessments

All studies used a CT scan at L3 or 4 to quantify skeletal or psoas muscle area, which were
used to determine measurements for sarcopenia assessment. The majority of studies (n=23)
used an automatic software and HU range of -29-150 (Appendix 5). All CT scans were
carried out pre-treatment, though proximities to treatment varied.

This review revealed 12 types of muscle quantity and quality assessments, several studies
used multiple measurements to assess sarcopenia.

Sarcopenia Cut-off Values

Several SMI (skeletal muscle index) and SMD (skeletal muscle density) cut-offs were
derived from previously established cut-offs (36, 63-65). Others were self-determined by
cohort tertiles or statistical methods (Appendix 6).

Pre-treatment Sarcopenia Prevalence

Nineteen studies reported the prevalence of sarcopenia by low SMI (mean: 38.3%, range:
11-66%) (Table 1, Appendix 7). Eight studies reported low SMD prevalence (mean: 39.3%,
range: 21.1-80%). The prevalence of low Pl (psoas muscle index) was reported in two
studies (mean: 53.7%, range: 50-57.5%). The highest mean prevalence of sarcopenia by
SMI and SMD were both found in EC (Appendix 7).

Survival Outcomes Measured

Overall survival (OS) was reported in 25 studies, two did not report OS but reported 1-year
survival (1YS) (44, 56). Progression free survival (PFS) was reported in 17 studies, details of



the measurements grouped under PFS can be found in Appendix 8. Other survival
outcomes measured included 3-year survival (3YS), 3-year PFS (3Y PFS), 5-year survival
(5YS) and 5-year PFS (5Y PFS).

Quality Assessment of Included Studies
Overall, there was a high risk of bias for 3 out of the 5 categories according to the QUIPS
tool (Appendix 9-10).

Univariable Overall Survival Results

Twenty studies reported unadjusted results for the effect of pre-treatment sarcopenia on the
primary outcome OS (12 OC, five EC and five CC). For five studies, HRs and SEs were
estimated from K-M results.

Nattenmuller et al. (55) included all three cancers, so, where results were only available for
the whole cohort, these were reported narratively. Results published separately for the
different cancers were extracted for meta-analysis.

Ataseven et al. (41) did not report recoverable survival data for SMI and OS, and Conrad et
al. (43) did not report sufficient data for CMI (central muscle index) and OS, hence neither
were included in meta-analysis. Muscle assessments analysed as continuous variables were
not included in meta-analysis.

Gillen et al. (45) compared patients with and without chemotherapy, thus were excluded
from meta-analysis. However, multivariable results adjusted for the treatment so were
reported narratively.

After removal of duplicate data and exclusion of non-homogenous studies, 17 were included
in meta-analysis (ten OC, four EC, five CC).

Ovarian Cancer

Meta-Analysis of Univariable Results

Pooled results of ten OC studies showed a statistically significant overall negative effect of
pre-treatment sarcopenia on OS (HR:1.40, 1.20-1.64, P=<0.0001, 1°=55%) (Figure 2).
Subgroup analyses of sarcopenia assessments showed all subgroups, apart from one
(IMAT), had a negative effect on OS. Sarcopenia by SMI was the largest subgroup (n=8),
and exhibited a negative effect on OS (HR:1.28, 0.96-1.70, P=0.09, 1°’=58%). The SMD
subgroup showed a significant negative effect (HR:1.63, 1.26-2.10, P=0.0002, 1°=59%). Low
PV (psoas volume) showed the largest negative effect, though one study was in this
subgroup (HR:2.88, 1.30-6.41, P=0.009).

Sensitivity Analysis of Univariable Results

Sensitivity analysis showed a similar statistically significant negative effect of sarcopenia on
OS in studies where sarcopenia assessments were reported <60 days before treatment
(HR:1.36, 1.15-1.60, P=0.0002, 1°=53%) (Appendix 11). Analysis of studies on EOC patients
also showed a statistically significant negative effect, though wider CI's suggest increased
heterogeneity and less reliability (HR:1.61, 1.29-2.01, P<0.0001, 1°=61%) (Appendix 12).
Narrative Reporting of Univariable Results not Included in Meta-Analysis

Ataseven et al. (41) results revealed no significant difference between low SMI and non-
sarcopenic patients (p>0.05). Further, Conrad et al. (43) reported low CMI patients had
similar OS to non-sarcopenic.

Endometrial Cancer

Meta-Analysis of Univariable Results

Pooled results of four EC studies showed an overall negative effect of pre-treatment
sarcopenia on OS (HR:1.42, 0.97-2.10, P=0.07, 1°=56%) (Figure 3). The point estimates
were all relatively small, ClI's fairly long, and statistical heterogeneity moderate, giving less
confidence that these results reflected the true effect. Subgroup analysis showed lower
heterogeneity between subgroups (1°=44.5%), and all assessments had a negative effect
apart from SMG (skeletal muscle gauge).



Sensitivity Analysis of Univariable Results

Sensitivity analysis of studies that reported sarcopenia assessments were taken <60 days
pre-treatment resulted in a significant negative effect on OS with low heterogeneity
(HR:1.63, 1.05-2.52, P=0.03, 1>=33%) (Appendix 13). The removal of one study (55) reduced
12 by H20%, suggesting that study provided considerable heterogeneity.

Cervical Cancer

Meta-Analysis of Univariable Results

Pooled results of five CC studies produced a marginally negative effect of pre-treatment
sarcopenia on OS (HR:1.10, 0.93-1.31, P=0.28, 1°=22%) (Figure 4). The I*> suggests a low
proportion of the variation in results were due to heterogeneity, which increases certainty.
Four studies crossed the line of no effect, likely due to imprecision given the size of the Cl’s.
Further, Nattenmuller et al. (55) was weighted 54.3% of analysis and was the only study with
HR <1, largely influencing the summary estimate.

Subgroup analysis showed little heterogeneity between the sarcopenia assessments
(1’=13.7%). The largest negative effect was from low Pl (HR:1.57, 0.74-3.30, P=0.24,
1°=56%), though the heterogeneity was moderate between the two studies.

Multivariable Overall Survival Results

Fourteen studies reported multivariable analysis for pre-treatment sarcopenia and OS.
Results are reported narratively in Appendix 14-17.

Ovarian Cancer

Nine studies reported multivariable analysis for pre-treatment sarcopenia and OS (Appendix
14). Three studies found SMI was an independent predictor and five found SMD was an
independent predictor. Though, references 30 and 46 contained some of the same
population.

Endometrial Cancer

Four studies reported multivariable analysis for pre-treatment sarcopenia and OS (Appendix
15). One study found sarcopenia (low SMI and SMD combined) was an independent
prognostic factor (31).

Ovarian, Endometrial, and Cervical Cancer

Nattenmuller et al. (55) found low SMI in OC, CC, and EC had a slight tendency towards
worse OS in the first adjusted model, whilst a slight tendency towards better in the second.
The CI's were tight, suggesting reliable results (Appendix 16).

Cervical Cancer

One study reported multivariable analysis and revealed low Pl was an independent predictor
for OS (Appendix 17).

Univariable Progression Free Survival Results

Fifteen studies reported univariate results for pre-treatment sarcopenia and PFS, and 12
were included in meta-analysis (eight OC, two EC, two CC). For four studies, HRs and SEs
were estimated from K-M results.

Ovarian Cancer

Meta-Analysis of Univariable Results

Pooled results of eight OC studies showed a statistically significant negative effect of pre-
treatment sarcopenia on PFS (HR:1.28, 1.11-1.46, P=0.0005, 1°=28%) (Figure 5). Low
statistical heterogeneity was supported by the narrow and overlapping CI’s, permitting
confidence in results.

Subgroup analysis implied no statistical heterogeneity between sarcopenia assessments
(1’=0%). The SMI subgroup was the largest (n=7) and presented a statistically significant
negative effect on PFS (HR:1.30, 1.03-1.64, P=0.03, I2=46%). The largest HR, favouring
lower PFS, was in the PV subgroup which contained one study (HR:2.00, 1.11-3.60,
P=0.02).



Sensitivity Analysis of Univariable Results

Sensitivity analysis of EOC patients showed a similar pooled negative effect (HR:1.33, 1.15-
1.54, P=0.0001, 1>=26%) (Appendix 18). Analysis of studies that reported sarcopenia
assessments were carried out <60 days pre-treatment showed a similar negative effect
(HR:1.24, 1.07-1.44, P=0.003, 1°=12%). Heterogeneity was lower, perhaps because few
studies were included (Appendix 19).

Endometrial Cancer

Meta-Analysis of Univariable Results

Meta-analysis of two EC studies showed a statistically significant negative effect of
sarcopenia on PFS (HR:1.51, 1.03-2.20, P=0.03, 1°=0%) (Figure 6). These results showed
no statistical heterogeneity overall, or between subgroups, which increase the certainty that
the effect estimates reflected the true effect. The subgroup Cl's were quite wide, but all HRs
were on the right side of the plot, indicating a consistently negative effect across the studies.
Cervical Cancer

Meta-Analysis of Univariable Results

Meta-analysis of two CC studies showed a negative effect of pre-treatment sarcopenia on
PFS (HR:1.14, 0.85-1.53, P=0.37, 1>=0%) (Figure 7). One study (54) was weighted a
substantially larger part of the analysis than the other, as shown by the size of the point
estimates. Matsuoka et al. (54) also had much smaller Cl’'s, giving more certainty in the
results.

Multivariable Progression Free Survival Results

Eight studies reported multivariable analysis for pre-treatment sarcopenia and PFS. Results
are reported narratively in Appendix 20-21.

Ovarian Cancer

Six studies reported multivariable results (Appendix 20). Three revealed SMI, and one found
SMD, were independent predictors for PFS.

Endometrial Cancer

Three studies reported multivariable results and none revealed sarcopenia assessments
were independent predictors of PFS (Appendix 21).

Univariable One Year Survival Results

Endometrial Cancer

Two studies analysed the effect of sarcopenia on 1YS (44, 56). Rodrigues and Chaves (56)
reported K-M analysis from which SMI data was recovered, but SMD data was not sufficient
so is reported narratively.

Meta-Analysis of Univariable Results

Meta-analysis of univariable data from two studies revealed a strong, statistically significant,
negative effect of pre-treatment low SMI on 1YS (HR:2.55, 1.75-3.71, P=<0.00001, 1°=0%)
(Appendix 22).

Narrative Reporting of Univariable Results not Included in Meta-Analysis

De Paula et al. (44) established low SMD was an independent predictor of lower 1YS
(HR:2.03, 1.09-3.78, P=0.025), while Rodrigues and Chaves (56) found low SMD was
significantly associated with lower 1YS (p=0.01).

Multivariable One Year Survival Results

Endometrial Cancer

De Paula et al. (44) conducted adjusted analysis which upheld that low SMI was an
independent prognostic factor for reduced 1YS (HR:2.23, 1.19-4.20, P=0.012). Rodrigues
and Chaves (56) created a combined model of SMI and SMD for multivariate analysis, and
found this was independently associated with 1YS (HR:5.31, 1.71-16.51, P=0.004).



Three Year Survival Results

Endometrial Cancer

Ganju et al. (31) reported a 29% 3YS rate for patients with low SMI and SMD, versus 75%
for non-sarcopenic patients.

Cervical Cancer

Yoshikawa et al. (62) reported a 33% 3YS rate for pre-treatment low Pl patients, versus 66%
for non-sarcopenic patients. Lee et al. (52) analysed 3-year DRFS (Distant recurrence free
survival) and found neither low SMI nor SMD were associated with this outcome (p>0.05).

Five Year Survival Results

5YS was analysed by K-M analysis in five studies (Appendix 23).

Ovarian Cancer

Huang et al. (30) found a statistically significant lower 5YS rate in pre-treatment sarcopenic
patients, than non-sarcopenic (SMD P=0.04, SMI P=0.03, SMG P=0.005) (Appendix 23).
They established statistically significantly lower 5Y-PFS rates in patients with pre-treatment
low SMI (P=0.01) and SMD (P=0.04), but not SMG (P=0.20).

Huang et al. (46) found statistically significantly lower 5YS rates in low SMD patients
(p=0.02), not SMI (p=0.08), and statistically significantly lower 5Y-PFS rates in low SMI
(p=0.03), not SMD (p=0.24). However, some of these results are duplications due to
population overlap.

In contrast, Kim et al. (47) found no significant difference in 5YS rates, in fact, non-
sarcopenic had lower 5YS rates than sarcopenic.

Endometrial Cancer

Lee et al. (51) found 5YS and 5Y-PFS were lower in sarcopenic patients, but not statistically
significant (Appendix 23).

Cervical Cancer

Lee et al. (32) found 5YS rates were slightly lower in the sarcopenic patients compared to
non-sarcopenic, but not statistically significant (Appendix 23).

Complications Results

Four studies analysed the risk of post-operative complications in sarcopenic and non-
sarcopenic patients using t-tests, x* or log-rank tests, and found no statistically significant
differences. Rutten et al. (57) additionally used a binary logistic regression model to predict
major complications in OC. They found low SMI and PI were not significantly predictive,
while low SMD was. Conrad et al. (43) performed a ROC analysis to determine the
predictive value of CMI for complications in OC, but found no association.

Length of Stay (LoS) Results

Four studies assessed LoS. Two found that sarcopenic patients had longer LoS (35, 57),
while two found non-sarcopenic patients had a slightly longer LoS (43, 50). There were no
statistically significant differences using t-tests, x* or log-rank tests.

Change in Sarcopenia Over Treatment and Survival Results

Nine studies analysed the effect of the change in sarcopenia over treatment on survival
(Appendix 24). Meta-analysis could not be performed due to heterogeneity.

Ovarian Cancer

Huang et al. (46) reported that SMI loss, not SMD, was an independent predictor for a lower
OS (HR:1.04, 1.01-1.08, P=0.002) and PFS (HR:1.04, 1.01-1.06, P=0.003). Meanwhile,
Bronger et al. (42) found no significant effect of SMI or SMD loss on OS (p>0.05). Rutten et
al. (58) found SMA (skeletal muscle area) change was an independent predictor of reduced
OS (HR:1.698, 1.038-2.778, P=0.035), but PA (psoas muscle area) change had no effect
(HR:0.979, 0.06-1.49, P=0.921).

Endometrial Cancer

Lee et al. (51) reported that SMI loss had no effect, while SMD loss >5% was an
independent prognostic factor for lower OS (HR:11.08, 2.43-50.58, P=0.002) and PFS



(HR:8.24, 2.32-29.23, P=0.001). Further, SMG loss was an independent predictor of
reduced OS (HR:10.63, 2.45-46.21, P=0.002) and PFS (HR:11.36, 2.67-48.35, P=0.001).
Cervical Cancer

Lee et al. (32) reported in univariable analysis that SMD and SMI loss had negative effects
on OS, while SMI loss >10% was an independent prognostic factor (HR:6.02, 3.04-11.93,
P<0.001). Lee et al. (52) reported SMI loss >5% was an independent predictor of worse 3Y-
DRFS (HR:6.31, 3.18-12.53, P=<0.001). Sanchez et al. (60) reported SMI loss >10% had a
tendency towards reduced OS (HR:2.572, P=0.06). Kiyotoki et al. (48) found SMA loss
>15% had negative effect on OS (HR:2.892, 0.744-11.24, P=0.125) and PFS (HR:1.619,
0.527-4.971, P=0.4). But, PA loss >15% was an independent predictor of reduced OS
(HR:8.52, 2.16-33.59, P=0.002) and PFS (HR:6.0, 1.91-18.87, P=0.002).

Publication bias

Testing for publication bias has low sensitivity when meta-analysis is based on fewer than
10 effect size. Therefore, 5 meta-analyses were tested (Appendix 25). The funnel plots were
symmetrical and supported by non-significant Egger's and Begg’s tests in sarcopenia and
OS in OC (p=0.120 and p=0.221, respectively), sarcopenia measured <60 days before
treatment and OS in OC (p=0.148 and p=0.542, respectively), and sarcopenia and PFS in
EOC (p=0.101 and p=0.052, respectively). With regards to PFS in OC and OS in EOC,
publication bias was possibly present due to small study effects because although the funnel
plot indicated asymmetry and Egger’s test was significant (PFS in OC p = 0.022, OS in EOC
p = 0.036), Begg’s test was not (PFS in OC p =0.112, OS in EOC p = 0.131) (Appendix 25).

Discussion

Summary of Main Findings and Relation to Existing Literature

This systematic review and meta-analysis demonstrated that pre-treatment sarcopenia had
a negative effect on OS and PFS in gynaecology cancer, but was not a unanimous
independent prognostic factor. This is the first meta-analysis to include all types of
sarcopenia assessments and assess their effect on survival in gynaecology cancer. It is also
the first to review the effect of the change in muscle over treatment on survival outcomes,
generating novel findings.

In ovarian cancer (OC), pre-treatment sarcopenia had a statistically significant overall
negative effect on overall survival (OS) in meta-analysis of univariate results. Low SMD
(skeletal muscle density) had the largest, statistically significant, negative effect on OS in
subgroup meta-analysis of univariate results. SMD was also an independent prognostic
factor for OS in five studies (29, 30, 41, 46, 49) and SMI (skeletal muscle index) in three
(30, 42, 46). For progression free survival (PFS), pre-treatment sarcopenia had a statistically
significant overall negative effect in meta-analysis of univariate results. Low SMI had the
largest, statistically significant, negative effect and was an independent prognostic factor in
three studies (30, 42, 46). One study found SMD was an independent prognostic factor (46).
In endometrial cancer (EC), pre-treatment sarcopenia had an overall negative effect on OS
in meta-analysis of univariate results. Low SMI and SMD combined had the largest,
statistically significant, negative effect in subgroup meta-analysis, and was an independent
prognostic factor for OS in one study (31). Pre-treatment sarcopenia had an overall,
statistically significant, negative effect on PFS in meta-analysis of univariate results.

In cervical cancer (CC), pre-treatment sarcopenia had an overall negative effect on OS and
PFS in meta-analysis of univariate results. Low PI (psoas index) was an independent
prognostic factor in one study (62).

Pre-treatment low SMI had a statistically significant negative effect on 1-year survival (1YS)
in meta-analysis of univariate results for EC. Similarly, 3-year survival (3YS), 5-year survival
(5YS) and 5-year progression-free survival (5Y PFS) rates were mostly lower in sarcopenic
compared to non-sarcopenic patients. Pre-treatment sarcopenia did not have significant
effects on complications or LoS (length of stay).
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Loss of muscle mass and quality over treatment had negative effects on survival. One OC
study found SMI loss, not SMD, was an independent prognostic factor for lower OS and PFS
(46). SMA loss was an independent prognostic factor for lower OS in two OC studies (58,
59). In one EC study, SMD and SMG (skeletal muscle gauge) loss were independent
prognostic factors for lower OS and PFS (51). In CC, muscle mass loss was an independent
prognostic factor in 3 studies (32, 48, 52) (Appendix 26).

Skeletal Muscle Mass

The existing literature supports the finding that pre-treatment low SMI has negative effects
on survival in OC. One meta-analysis of eight studies found a significant negative effect of
SMI on OS (34), while another meta-analysis of six studies reported a non-significant
negative effect of low SMI on OS (66). McSharry et al. (67) reported a negative effect of low
SMI on 3YS and 5YS from meta-analysis of four studies. Moreover, a review of nine studies
concluded that sarcopenia was important in predicting survival, but the quality of evidence
was low (27).

Systematic reviews on sarcopenia in CC and EC are lacking. However, a recent meta-
analysis of 13 studies on primary OC, EC, and CC, and found that sarcopenia was
associated with lower OS and PFS in the three cancers combined (68).

Skeletal Muscle Quality

A meta-analysis of 40 cancer studies found low SMD was significantly associated with lower
OS in gynaecology cancer (69). This supports the current review and is upheld by other
meta-analyses (34, 66) that found statistically significant negative effects of low muscle
guality measurements on OS in OC. McSharry et al. (67) also reported normal MA (muscle
attenuation) was associated with significantly improved 3YS and 5YS, compared to low MA.
These suggest low muscle quality may be a more consistent prognostic factor than muscle
guantity for OS in OC, but the quality of evidence was low.

Skeletal Muscle Mass and Quality Combined

The evidence of the coexistence of muscle mass and quality loss in cancer elucidates why
assessing combined muscle measurements are advantageous (56). Hence, SMG was
derived (70). In the current review, SMG was a better predictor than SMI in one study (30),
and another (31) found that low SMI and SMD combined was an independent prognostic
factor for OS. Research on the potential of combining SMI and SMD as a prognostic factor in
gynaecology oncology is required.

Psoas Muscle Assessments

In the current meta-analysis, sarcopenia by psoas measurements showed negative effects
on survival outcomes. Rutten et al. (58) argue that PA (psoas area) is an unreliable
sarcopenia assessment in gynaecology oncology as it has weak correlations with SMA
(skeletal muscle area), and a lack of association with survival. Though, the opposite effect
was found in a cohort of colorectal cancer patients (71).

The misrepresentation of PA may be down to its vulnerability to degenerative diseases of
the lumbar spine, which causes deterioration of trunk and psoas muscle (72). This muscle
atrophy is not directly due to cancer-related sarcopenia, so measurements of this area are
misleading (58). Furthermore, PA at L3 only represents <10% of SMA, so changes are less
visible (24). Psoas sarcopenia assessments may have some prognostic suitability, though
further investigation is required.

Change in Muscle over Treatment

As sarcopenia is a complex and progressive condition, longitudinal studies would give a
more comprehensive picture of skeletal muscle changes, which impact outcomes (32). Yet,
few studies have investigated the effect of the change in muscle composition over treatment
on gynaecology cancer survival. In the current review, most OC and CC longitudinal studies
found loss of muscle mass was significantly associated with poorer OS and PFS, while
muscle quality loss was not. However, methodologies varied substantially.

A patients’ muscularity at one time-point is affected by several factors including age, sex,
ethnicity, and tumour treatment (67, 73-74). Thus, inconsistent findings for sarcopenia and



11

OS reflect that muscle was only assessed at baseline. Further research is necessitated to
understand the effect of muscle composition change on outcomes in gynaecology tumours.

Risk of Bias and Study Limitations

The studies in this review were classified as high risk of bias for several reasons.
Predominantly, the observational and retrospective nature of the studies makes it impossible
to eliminate selection bias and confounding factors.

A major limitation is that several studies did not carry out multivariate analysis if univariate
produced statistically insignificant results. Selective reporting on treatment, sarcopenia
assessments, and factors adjusted for in analysis, was another limitation. The follow up time
varied across studies, and there was a lack of information on patients lost in follow up.
Inclusion of all FIGO stages could be a limitation, as advanced cancer patients would be at
higher mortality risk than early stage.

There are several causes of heterogeneity which limit the generalisation of data including
sarcopenia assessments, cut-offs, nutritional status, tumour, treatments, and other strong
prognostic factors. Due to heterogeneity, meta-analysis of adjusted results was not
completed, despite adjusted results providing important information for prognostic reviews.
Though, this is also a strength as it prevented comparison of dissimilar data and
misinterpretation of results.

Strengths and Implications for Practice

This research is extremely valuable as it is the first meta-analysis to include all types of
sarcopenia assessments and assess their effect on survival in gynaecology cancer. It is also
the first to review the effect of the change in muscle over gynaecology cancer treatment on
survival outcomes, generating novel findings.

There are many strengths to this review, including the large number of studies, variety of
regions, and extensive meta-analysis with subgroup analysis. This study examined CT for
sarcopenia assessments as it is routine in gynaecology oncology care for staging and
check-ups, so places no extra burden or extra costs. Using CT will also identify patients at
risk of poor treatment tolerance and survival, while potentially having a normal BMI.

Conclusions and Future Research

This meta-analysis provides evidence that pre-treatment sarcopenia has a statistically
significant negative effect on OS and PFS in ovarian and endometrial cancers. This research
has identified that skeletal muscle quality measures may be more important in predicting
gynaecology survival outcomes. Additionally, it establishes that measuring the change in
muscle mass over gynaecology cancer treatment may be more advantageous than a single
baseline assessment. Nonetheless, there remains considerable variation in sarcopenia cut-
offs and assessment methods, making interpretation for clinical practice challenging.

Future assessments require consensus on cut-off values. More large-scale longitudinal trials
using CT images at several time points to assess muscle change over treatment, in
concomitance with cancer progression and treatment monitoring, are needed, and should
include QoL indicators. Prospective studies combining muscle function tests with CT scans
would provide a more comprehensive analysis of sarcopenia. Finally, gynaecology cancer
can be long-lasting, requiring several treatment interventions, thus assessments of
sarcopenia must be regular to ensure early identification and should be incorporated into
cancer management.

Overall, this research has highlighted that the incorporation of sarcopenia assessments into
the gynaecology cancer management pathway, may have beneficial effects on survival
through identifying those with increased risk of poor outcomes, who require multimodal
interventions.
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Table. 1. Characteristics and main findings for the 27 included studies

Study Country | Time Single | Sample Mean Cancer FIGO Treatment Timing of Pre-T Sarcopenia cut-offs Prevalence Follow Outcomes | Main Findings
or Size (£SD) Site Stage Pre-T muscle of Pre-T up
Multi- age assessme- | assess- sarcopenia (month)
centre (years) nt ments (%)
from CT '
Ataseven Germany | 2011 - | Single 323 57.5 EOC -1 PDS, adjuvant <60 days SMA, SMI <38.5 cm?/m? 294 54 oS Pre-T low SMD, not SMI,
et al. 2018 2016 (£19.7) ChT Pre-T SMI, SMI <39.0 cm?/m? 33.7 was an independent
SMD SMI <41.0 cm?/m? 471 prognostic factor for lower
SMD <32 HU Z1: OS.
Austetal. | Austria 2004 - | Single 140 60 (£13) EOC -1V PDS, adjuvant <30 days SMI, SMI <41.0 cm?m? 28.9 73 OS, PFS Pre-T low SMD, not SMI,
2015 2012 ChT Pre-T SMD SMD <39.0 HU 35.0 was significantly
SMI <41cm?m? + SMD associated with reduced
<39 HU 20.0 OS and PFS.
Brongeret | Germany | 2003 - | Single 128 62 EOC -1V | PDS, adjuvant Median 39 SMA, SMI <38.5 cm?/m? 1.0 120 OS, PFS, Pre-T low SMiI was an
al. 2017 2013 (£15.1) ChT weeks from | SMI Long OS independent predictor of
diagnosis low OS and PFS.
Conradet | Texas 2007 - | Single 102 55 (x11) | OC -1V | PDS, adjuvant Pre-T CMI CMI <2.8 cm?/m? 53.9 NR OS, PFS, Pre-T low CMI was not
al. 2018 2015 ChT (median Comp, LoS | associated with OS or
26) PFS.
De Paula Brazil 2008 — | Single 232 64.3 EC -1V PDS, adjuvant <30 days SMI, SMI <38.9 cm?/m? 258 12 1YS Pre-T HRSMI was
etal. 2019 2015 (£9.6) ChT Pre-T SMD significantly associated
with reduced 1YS.
Ganju et Kansas 2007 — | Single 64 Median EC 1=V TH, adjuvant Day of SMI, SMI <41.0 cm?/m? 44.0 128 0S, 3YS Having both low SMI and
al. 2020 2017 61.0 EBRT treatment SMD SMD <41.0 HU + BMI low SMD pre-T was
<25 kg/m? NR significantly associated
SMD <33.0 HU + BMI with poorer OS compared
>25 kg/m? NR with having either
SMD <37.0 HU 80.0 individual factor.
SMI <41.0 cm?m? + SMD
<37.0 HU 32.8
Gillen et Oklaho- 2006 - | Multi 78 61.5 EC -1 | ChT Pre-T PA PA <15.0 cm? 50.0 NR OS, PFS Pre-T PA was not
al. 2019 ma 2012 (£9.5) (mean significantly associated
45.1) with OS or PFS.
Huang et Taiwan 2008 — | Single 147 54.5 EOC {1} PDS, adjuvant Median 7 SMA, SMI <39.1 cm?m? 34.0 63.2 OS, PFS, Pre-T low SMI and SMD
al. 2020a 2017 (£10.5) ChT days Pre-T | SMI, SMD <35.5 HU 327 5YS, 5Y- were independent
SMD, PFS predictors of poor OS.
SMG
Huang et Taiwan 2008 - | Single 139 54.4 EOC 1] PDS, adjuvant Pre-T SMA, SMI <39.2 cm?/m? 33.8 64.2 OS, PFS, Pre-T low SMD, SMI, and
al. 2020b 2017 (£10.3) ChT SMI, SMD <35.5 HU 33.1 5YS, 5Y- SMI loss during treatment,
SMD PFS, were independent
Long OS, predictors of poor OS and
PFS, 5YS, PFS.
5Y-PFS
Kim et al. Korea 2019 - | Single 197 57.5 ocC -1V | 754% PDS + Baseline SMA, SMI <39.0 cm?/m? 425 60 0s, No significant association
2020 2017 (£10.6) adjuvant ChT, SMI disease between pre-T SMI and
24.5% recurrence, | OS or recurrence.
neoadjuvant 5YS
ChT + PDS
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Study Country | Time Single | Sample Mean Cancer FIGO Treatment Timing of Pre-T Sarcopenia cut-offs Prevalence Follow Outcomes | Main Findings
or Size age Site Stage Pre-T muscle of Pre-T up
Multi- (years) assessme- | assess- sarcopenia (month)
centre (xSD nt ments (%)
from CT
Kiyotoki et | Japan 2004 - | Single 60 528 CcC 1=V EBRT, BrT or <7 days SMA, SMA <90.29 cm? 55.0 104 0S8, PFS, Pre-T PA was not
al. 2018 2014 (£14.3) CCRT Pre-T PA PA <10.07 cm? 53.3 Long OS, significantly associated
PFS with OS or PFS.
PA loss >15% was an
independent predictor of
OS and PFS.
Kumar et Rochest- | 2006 - | Single | 296 64.6 EOC -1V | PDS,87% with | <30 days SMA, SMI <39.0 cm?/m? 446 NR OS, PFS Pre-T low SMD was
al. 2016 er 2012 (£10.6) adjuvant ChT pre-T SMI, SMI <39.0 cm?/m? + BMI (mean significantly associated
SMD >25 kg/m? 18.9 33.2) with worse OS, not PFS.
SMD <33.4 HU NR
Kuroki et Washing- | 2005- | Single 122 65.9 EC 1=V TH, 53% with <60 days Pl Pl <4.33 cm?%m? 50.0 NR OS, RFS, Pre-T low Pl was
al. 2015 ton 2009 (£10.4) adjuvant Pre-T Pl <4.33 cm?m?+ BMI (mean LoS, Comp | significantly associated
ChT/RT/CRT >30 kg/m? 220 32.8) with decreased RFS, not
0s.
Leeetal. Taiwan 2004 - | Single | 245 63 cc -1V RT or CCRT Pre-T SMI, SMI <41.0 cm?/m? 51.8 152.3 0S, 5YS, Pre-T low SMI and SMD
2018 2009 (£12.7) SMD SMD <41.0 HU + BMI Long OS, were not significantly
<25 kg/m? NR 5YS associated with lower OS.
SMD <33.0 HU + BMI SM loss during treatment
>25 kg/m? NR was an independent
SMD <37.0 HU 63.9 prognostic factor for
reduced OS.
Leeetal. Taiwan 2008 — | Multi 131 54.3 EC i TH, adjuvant <14 days SMA, SMI <39.3 cm?/m? 33.6 17 OS, PFS, Pre-T low SMI and SMD
2019 2016 (+9.6) CRT Pre-T SMI, SMD <35.1 HU 33.6 5YS, 5Y- were not significantly
SMD, SMG <1408.1 (no units) NR PFS, associated with decreased
SMG Long OS, OS or PFS.
PFS, 5YS, SMD loss during
5Y-PFS treatment was significantly
associated with poorer
survival outcomes.
Leeetal. Taiwan 2004 - | Multi 278 62.5 cc 1=V RT or CCRT Pre-T SMI, SMI <36.3 cm?/m? 33.1 93.1 3Y-DRFS, SMI loss >5% was
2020 2017 (£5.8) SMD SMD <30.7 HU 331 Long 3Y- independently associated
DRFS with worse 3Y-DRFS,
SMD loss was not.
Matsubara | Japan 2002 - | Single 92 50.9 EOC -1V PDS or IDS, Pre-T SMA, SMA <92.92 cm? 50.0 144 0S, PFS Pre-T low PV was
etal. 2019 2017 (£18.4) adjuvant ChT PA, PA <9.96 cm? 50.0 significantly associated
PV PV <195.6 cm® 50.0 with poorer PFS and OS,
pre-T PA and SMA were
not.
Matsuoka Japan 2004 - | Single 236 58.8 cc -1V 34% RT, Pre-T SMA, SMI <36.55 cm?/m? NR 165 OS, PFS Pre-T low Pl and SMI
etal. 2019 2018 (£18.2) 66% CCRT SMI, Pl <3.9 cm?/m? NR were not significantly
Pl associated with OS or
PFS.
Nakayama | Japan 2006 - | Single 94 58.2 ocC 1=V PDS, adjuvant <7 days SMI, SMI <30.88 cm?/m? 66.6 NR OS, DFS, No significant association
etal. 2019 2013 (x17.2) ChT Pre-T IMAC Comp, between pre-T SMI and
LoS OS or DFS.
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Study Country | Time Single | Sample Mean Cancer FIGO Treatment Timing of Pre-T Sarcopenia cut-offs Prevalence Follow Outcomes | Main Findings
or Size age Site Stage Pre-T muscle of Pre-T up
Multi- (years) assessme- | assess- sarcopenia (month)
centre (£SD) nt ments (%)
from CT
Nattenmul | Germany | NR Single 189 62.9 CC,EC, 1=V Surgery, with Pre-T SMI, SMI <41.0 cm?/m? 348 77 oS Pre-T SMI was not
<leretal. (£13.5) oC CRT IMFA significantly associated
2018 with OS in all patients. In
CC patients there was a
significant association.
Rodrigues | Brazil 2008 - | Single 208 64.2 EC B\ 53% surgery, <30 days SMI, SMI <42.4 cm?/m? 50.0 12 1YS Low pre-T SMD and
and 2014 (£9.5) 32% surgery Pre-T SMD SMD <30.0 HU NR HRSMI were significantly
Chaves, with adjuvant associated with reduced
2018 ChT, 1YS.
15% palliative SMI and SMD combined
treatment was independently
associated with 1YS.
Rutten et Netherla- | 2000 - | Multi 216 63.1 ocC =1V PDS, 29% with | <60 days SMI, SMI <38.73 cm?/m? 324 NR OS, Comp, | Low pre-T SMI and SMD
al. 2017a nds 2015 (£0.8) secondary IDS Pre-T SMD, SMD <33.67 HU NR (mean LoS were significantly
IMAT IMAT <3.51 cm?/m? NR 56.4) associated with lower OS,
Pl <4.65 cm?/m? NR Pl was not.
Rutten et Netherla- | 2004 — | Single 150 64.8 oC =1 Neoadjuvant Pre-T SMA, NR NR NR Long OS SMA loss, not PA loss,
al. 2017b nds 2017 (£13.6) ChT, IDS PA (median was independently
23.4) associated with lower OS.
Rutten et Netherla- | 2000 - | Single 123 66.5 ocC =1 Neoadjuvant Pre-T SMA, SMI <41.5 cm?/m? 50.4 126.6 0S8, Long Pre-T SMl and SMA were
al. 2016 nds 2014 (£0.8) ChT, IDS SMI, oS not significantly
IMAT associated with OS.
Loss of SMA was an
independent prognostic
factor for lower OS.
Sanchez Mexico 2013 - | Single 55 50.5 cc =1 CCRT <14 days SMI SMI <38.5 cm?m? 333 NR Long OS + | Loss of >10% SMI was
etal. 2019 2014 (x11.4) Pre-T disease significantly associated
recurrence with disease recurrence.
Staley et North 2000 - | Single | 201 60.7 EOC B\ ChT Within 3 SMA, SMI <41.0 cm?/m? 59.2 NR OS, PFS Pre-T SMI was not
al. 2020 Carolina 2017 (£19.5) months of SMI significantly associated
diagnosis with OS or PFS.
Yoshika- Japan 2004 — | Single | 40 56.9 cc NR CCRT Pre-T Pl Pl <3.72 cm?/m? 57.5 91 0s, 3Ys Pre-T low Pl was an
waetal. 2017 (£13.4) independent prognostic
2020 factor for lower OS.

Abbreviations: BMI — body mass index, BrT — brachytherapy, CC — cervical cancer, CCRT — concurrent chemotherapy, ChT — chemotherapy, CMI — core muscle index, Comp —
complications, CRT — chemoradiotherapy, DRFS — disease recurrence free survival, EBRT - pelvic external beam radiation, EC — endometrial cancer, EOC — epithelial ovarian
cancer, HRSMI — high radio-density skeletal muscle index, IDS — interval debulking surgery, IMAC — intramuscular adipose tissue content, IMAT — intramuscular adipose tissue,
Long — longitudinal LoS — length of stay, NR — not reported, OC — ovarian cancer, OS — overall survival, PA — psoas muscle area, PDS — primary debulking surgery, PFS —
progression free survival, Pl — psoas muscle index, Pre-T — Pre-treatment, PV — psoas muscle volume, RFS — recurrence free survival, RT — radiotherapy, SMA — skeletal muscle
area, SMD - skeletal muscle density (includes measures of muscle attenuation (MA)), SMG — skeletal muscle gauge, SMI — skeletal muscle index, TH — total hysterectomy,

1/3/5Y PFS — 1/3/5 year progression free survival, 1/3/5 YS — 1/3/5 year survival.
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Figures

Figure 1. Flow diagram depicting the selection process for the studies.
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Figure 2. Forest plot of univariable results for pre-treatment sarcopenia (using seven different
sarcopenia assessments: SMI, SMD, PA, PV, PI, IMAT, SMA) and overall survival in ovarian
cancer patients. The forest plot showed a pooled significant negative effect of sarcopenia on
overall survival (HR:1.40, 1.20-1.64, P<0.0001). Abbreviations: Cl — confidence intervals, HR —
hazard ratio, IMAT — intramuscular adipose tissue index, OS — overall survival, PA — psoas area, Pl —
psoas index, PV, psoas volume, SMA - skeletal muscle area, SMD — skeletal muscle density
(includes measures of muscle attenuation (MA)), SMI — skeletal muscle index.
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Figure 3. Forest plot of univariable results for pre-treatment sarcopenia (using five sarcopenia
assessments: SMI, SMD, PI, SMG, SMI+SMD) and overall survival in endometrial cancer
patients. The forest plot showed a pooled negative effect of sarcopenia on overall survival
(HR:1.42, 0.97-2.10, P=0.07). Abbreviations: CI — confidence intervals, HR — hazard ratio, OS —
overall survival, Pl — psoas index, SMD — skeletal muscle density (includes measures of muscle
attenuation (MA)), SMG - skeletal muscle gauge, SMI — skeletal muscle index.
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i L=  Chi? = = = SR = I } } |
Heterogeneity Tau® = 0.14; Chi® = 15 85, df = 7 (P = 0031 |I° = 56% 5ol o1 1 ) 100

Test for owerall effect; £ = 1.79 (P = 0.07)

- R 5 Favours [Higher OS] Favours [Lower OS]
Test for subaroun differences: Chi® = 7.21. df = 4 (F = 0.131 I° = 44.5%
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Figure 4. Forest plot of univariable results for pre-treatment sarcopenia (using five sarcopenia
assessments: SMI, SMD, PI, PA, SMA) and overall survival in cervical cancer patients. The
forest plot showed a pooled negative effect of sarcopenia on overall survival (HR:1.10, 0.93-1.31,
P=0.28). Abbreviations: Cl — confidence intervals, HR — hazard ratio, OS — overall survival, PA —
psoas area, Pl — psoas index, SMA — skeletal muscle area, SMD — skeletal muscle density (includes
measures of muscle attenuation (MA)), SMI — skeletal muscle index.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 SMI
Lee etal 2018 01222 0.23981 7.5% 1.13 [0.63, 2.03] b
Matsuoka et al, 2013 01187 0.2447 105% 112 [0.70, 1.82] I
MNattenmuller et al. 2018 -0.041% 00179 543% 0.96 [0.92, 0.99] |
Subtotal (95% CI) 72.3% 0.96 [0.93, 0.99]
Heterogeneity Tau? = 0.00; Chi> = 0.73, df = 2 (P = 0.70); I = 0%
Teast for overall effect: 2 = 227 (P = 0.02)
3.1.2 SMD
Lee et al 2018 02646 03261 6.5% 1.44 [0.76, 2.73] -
Subtotal (95% CI) 6.5% 1.44 [0.76, 2.73] -'-
Heterogeneity. Mot applicable
Tast for overall effect: Z = 1.12 (F = 0.26)
313 P
Matsuoka et al. 2013 01621 0.2241 12.1% 1.18 [0.76, 1.82] -
Yoshikawa et al. 2020 09517 0.4705 33% 0 259[1.03 651]
Subtotal (95% CI) 15.4% 1.57 [0.74, 3.30] e
Heterogeneity, Tau? = 0.18; Chi® = 2.30, df = 1 (P = 0.13); I* = 56%
Test for overall effect: 2 = L18 (P = 0.24)
3.1.4 PA
Kivotoki et al. 2018 02262 05011 2.9% 139052, 2.70]) R
Subtotal (95% CI) 2.9% 1.39 [0.52, 3.70] il
Heterogeneity. Mot applicable
Test for overall effect: 2 = 065 (P = 0.51)
3.1.5 SMA
Kivatoki et al. 2018 0.4449 05025 2.9% 156 [0.58, 4.18] s —
Subtotal (95% CI) 2.9% 1.56 [0.58, 4.18]
Heterogeneity, Not applicable
Teast for overall effect: 2 = 0.89 (P = 0.28)
Total (95% CI) 100.0% 1.10 [0.93, 1.31]
Heterogeneity. Tau? = 0.01; Chi® = 893, df = 7 (P = 0.26), I = 22% b1 o T % oo
Test for overall effect; 2 = LOS (P = 0.28) Favours [Higher OS] Favours [Lower OS]

Test for subaroun differences: ChiZ = 4 64 df = 4 (P = 0321 12 = 12 7%
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Figure 5. Forest plot of univariable results for pre-treatment sarcopenia (using six sarcopenia
assessments: SMI, SMD, PA, PV, IMAT, SMA) and progression free survival in ovarian cancer
patients. The forest plot showed a pooled significant negative effect of sarcopenia on overall
survival (HR:1.28, 1.11-1.46, P=0.0005). Abbreviations: Cl — confidence intervals, HR — hazard
ratio, IMAT — intramuscular adipose tissue index, PFS — progression free survival, PA — psoas area,
PV — psoas volume, SMA — skeletal muscle area, SMD — skeletal muscle density (includes measures
of muscle attenuation (MA)), SMI — skeletal muscle index.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 SMI
Aust et al 2015 01222 023271 6.7% 1.12[0.71, 1.80] —_—
Bronger et al. 2017 0.9708 03856 2.9% 2.64[1.24, 5.62]
Huang et al. 2020a 05822 02212 7.4% 1.79 (1,18, 2.76] —_—
Kirm et al. 2020 -0.129 01707 10.6% 0.88 [0.63, 1.23] -
Fumar et al. 2016 0.2624 0.1764 10.2% 130 [0.92, 1.84] T
Makayama et al. 2019 0,412 04221 2.5% 151 (066, 3.45] [ E—
Staley et al. 2020 0.1755 0.1958 8.8% 1.19[0.81, 1.75] -
Subtotal (95% CI) 49.1% 1.30 [1.03, 1.64] L3

Heterogeneity, Tau? = 0.04; Chi* = 11.14, df = 6 (P = 0.08); I° = 46%
Test for overall effect: £ = 2.19 (P = 0.03)

1.2.2 SMD

Aust et al 2015 04318 02152 7T 1.54[1.01, 2.35] ——
Huang et al. 2020a 0.207 0.2259 7.2% 1.23[0.79, 1.92] -
Furnar et al. 2016 0.0677 0.0883 19.7% 1.07 [0.90, 1.27] ™
Subtotal (95% CI) 34.6% 1.17 [0.96, 1.44]

Heterogeneity, Tau® = 0.01; Chi® = 2.58, df = 2 (P = 0.28]; I = 23%
Test for overall effect: 2 = 1.58 (P = 0.11)

1.23 PA

Matsubara et al. 2019 04121 02908 4.8% 151 [0.85, 2.67) T
Subtotal (95% CI) 4.8% 1.51 [0.85, 2.67] AT
Heterogeneity, Mot applicable

Test for overall effect: Z = 1.42 (P = 0.16)

1.24 PV

Matsubara et al. 2019 06921 03004 4.63% 2.00[1.11, 3.60] —_—
Subtotal (95% CI) 4.6% 2.00 [1.11, 3.60]

Heterogeneity. Mot applicable

Test for overall effect: £ = 2.30 (P = 0.02)

1.2.5 IMAT

Makayama et al, 2019 00476 04802 2.0% 1.05 [0.41, 2.69] B —
Subtotal (95% CI) 2.0% 1.05 [0.41, 2.69]

Heterogeneity. Mot applicable

Test for overall effect: Z = 0,10 (P = 0.92)

1.2.6 SMA

Matsubara et al. 2019 0.2406 02868 4,93 127073, 2.23] -
Subtotal (95% Cl) 4.9% 1.27 [0.73, 2.23] -’
Heterogeneity, Mot applicable

Test for overall effect; Z = 0.84 (P = 0.40)

Total (95% CI) 100.0% 1.28 [1.11, 1.46] 4
Heterogeneity, Tau? = 0.02; Chi? = 17.93, df = 13 (P = 0.16); I* = 28% e o ) 5 o0

Test for overall effect: 2 = 3.50 (P = 0.0005)

- Y 5 Favours [Higher PFS] Favours [Lower PF5)
Test for subaroup differences: Chi® = 3.40, df = 5 (P = 0.64), I° = 0%
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Figure 6. Forest plot of univariable results for pre-treatment sarcopenia (using four sarcopenia
assessments: SMI, SMD, PIl, SMG) and progression free survival in endometrial cancer patients.
The forest plot showed a pooled significant negative effect of sarcopenia on overall survival
(HR:1.51, 1.03-2.20, P=0.03). Abbreviations: Cl — confidence intervals, HR — hazard ratio, PFS —
progression free survival, Pl — psoas index, SMD — skeletal muscle density (includes measures of
muscle attenuation (MA)), SMG — skeletal muscle gauge, SMI — skeletal muscle index.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
2.2.1 SMI
Lee et al. 2019 0.2546 0.3657 27.8% 1.29[0.63, 2.64] e
Subtotal (95% CI) 27.8% 1.29 [0.63, 2.64] R
Heterogeneity, Mot applicable
Test for overall effect; 2 = 0.70 (P = 0.49)
2.2.2 SMD
Lee et al. 2019 043218 032671 27.6% 154075, 2.16] 1T
Subtotal (95% CI) 27.6% 1.54 [0.75, 3.16] -‘-
Heterogeneity. Mot applicable
Test for overall effect; Z = 118 (P = 0.24)
2.23P
Kuroki et al. 2015 10674 04588 17.7% 2.91[1.18, 7.15] e —
Subtotal (95% CI) 17.7% 2.91[1.18, 7.15] eI T
Heterogeneity, Mat applicable
Test for overall effect: 2 = 2.23 (P = 0.02)
2.2.4 SMG
Lee et al. 2019 0.1133 0.3722 26.9% 1.12 [0.54, 2.32] —p
Subtotal (95% CI) 26.9% 1.12 [0.54, 2.32] T
Heterogeneity, Mot applicable
Test for owverall effect; 2 = 0.20 (P = 0.76)
Total (95% CI) 100.0% 1.51 [1.03, 2.20] @
Heterogeneity, Tau® = 0.00; Chi? = 2 87, df = 2 (P = 0.41); I = 0% f f f i
Test for overall effect; 2 = 2,12 (P = 0.03) 0.01 Favou?él[Higher PFS}lFavours [Lm&gr PFS] 100

Test for subgroup differences: Chi? = 2.87, df = 3 (P = 0.41), * = 0%
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Figure 7. Forest plot of univariable results for pre-treatment sarcopenia (using four sarcopenia
assessments: SMI, PI, PA, SMA) and progression free survival in cervical cancer patients. The
forest plot showed a pooled negative effect of sarcopenia on overall survival (HR:1.14, 0.85-1.53,
P=0.37). Abbreviations: CI — confidence intervals, HR — hazard ratio, PFS — progression free survival,
PA — psoas area, Pl — psoas index, SMA — skeletal muscle area, SMI — skeletal muscle index.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 SMI
Matsuoka et al. 2019 0.1187 0.2447 37.5% 1.13 [0.70, 1.82]
Subtotal (95% CI) 37.5% 1.13 [0.70, 1.82]
Heterogeneity. Not applicable
Test for owerall effect: 2 = 0.49 (P = 0.63)
3.22P
Matsuoka et al. 2019 0.1621 0.2241 44.7% 1.18 [0.76, 1.82] :
Subtotal (95% CI) 44.7% 1.18 [0.76, 1.82]
Heterogeneity. Not applicable
Test for owerall effect: 2 = 0.72 (P = 0.47)
3.23PA
Kiyotoki et al. 2018 0.0264 05011 8.9% 1.03 [0.38, 2.74] S
Subtotal (95% CI) 8.9% 1.03 [0.38, 2.74] e
Heterogeneity. Not applicable
Test for owerall effect: 2 = 0.05 (P = 0.96)
3.2.4 SMA
Kiyotoki et al. 2018 0.1681 0.5025 8.9% 1.18 [0.44, 3.17] e
Subtotal (95% CI) 8.9% 1.18 [0.44, 3.17] T e
Heterogeneity. Not applicable
Test for owerall effect: 2 = 032 (P = 0.74)
Total (95% CI) 100.0% 1.14 [0.85, 1.53] ?
Heterogeneity, Tau? = 0.00; Chi* = 0.07, df = 3 (P = 1.00); I = 0% =0.01 0? T T 1=0 100:

Test for owerall effect: 2 = 0.90 (P = 0.37)

- L 5 Favours [Higher PFS] Favours [Lower PFS)
Test for subgroup differences: Chi = 0.07, df = 3 (P = 1.00), I = 0%
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Supplementary information

Appendix 1. Inclusion criteria

Inclusion Criteria

Study design | Observational (prospective and retrospective)

Population Female adults with diagnosed primary or secondary gynaecology

malignancy undergoing cancer treatment. This includes:

e Ovarian treated with debulking surgery, with/without chemotherapy

e Cervical treated with either chemoradiotherapy, radiotherapy and/or
surgery

e Endometrial treated with surgery and/or chemotherapy, radiotherapy,
chemoradiotherapy

Index Muscle measurements from CT to define sarcopenia prior to treatment
(Prognostic) | including:
Factor e Skeletal muscle index/density/mass

o Psoas muscle index/density/mass

Outcomes Prognostic risk of sarcopenia in cancer survival (hazard ratio, mean/median):

e Overall survival (or 1/3/5-year survival rates)

Progression free survival

Complications

Length of hospital stay

Change in sarcopenia assessments over treatment and effect on
survival outcomes

Timing e Pre-treatment assessment within 2 months of treatment

e Survival must be measured after a minimum of 12 months post-treatment

Setting Single or multiple medical institution(s) where the patient medical records are

collected during a particular time period

Appendix 2. Search strategy

Embase Ovid

1. Exp sarcopenia/

2. (Sarcopen* OR Malnutrition OR Muscle loss OR Muscle wasting OR Muscle depletion OR
Muscle reduction OR Muscle strength OR Muscle mass OR skeletal muscle attenuation OR
Skeletal muscle OR Body composition)

3. ((Muscle OR muscular) adj3 (Loss* OR waste* OR wastage* OR depletion* OR reduction* or
low))

4. 10R20R3

5. Exp female genital tract cancer/

6. Exp ovary cancer/

7. Exp uterine cervix cancer/

8. Exp endometrium cancer/

9. Uterine cervix adenocarcinoma/

10. Ovary adenocarcinoma/

11. Endometrium carcinoma/

12. ((Gynae* OR Gyne* OR Ovar* OR Endometr* OR Cervi* OR female genital*) adj3 (Cancer*
OR Tumo?r* OR Oncolog* OR Carci* OR Malignan* OR Neoplasm* OR onco* OR
adenocarcinomat*))

13.50R60OR70R80OR90OR100R 11 0R 12

14. 4 AND 13

15. Exp prognosis/

16. Survival/

17. Overall survival/

18. Exp cancer survival/

19.

Treatment outcome



20
21
22
23
24
25

29

. Mortality/

. Survival rate/

. Survival predictor/

. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR Disease progression)
.150R 16 OR 17 18 OR 19 OR 20 OR 21 OR 22 OR 23

. 14 AND 24

Medline Ovid

1.
2.

Exp sarcopenia/
(Sarcopen* OR Malnutrition OR Muscle loss OR Muscle wasting OR Muscle depletion OR
Muscle reduction OR Muscle strength OR Muscle mass OR Skeletal muscle attenuation OR
Skeletal muscle OR Body composition)
((Muscle OR muscular) adj3 (Loss* OR waste* OR wastage* OR depletion* OR reduction* or
low))
10R20R3
Genital neoplasms, Female/
Exp uterine neoplasms/
Ovarian neoplasms/
Carcinoma, ovarian epithelial/
Carcinoma, endometrioid/
. ((Gynae* OR Gyne* OR Ovar* OR Endometr* OR Cervi* OR Female genital*) adj3 (Cancer*
OR Tumo?r* OR Carci* OR Malignan* OR Neoplasm* OR Onco* OR Adenocarcinoma*)
.50R60OR70R80OR9O0R 10
.4 AND 11
. Prognosis/
. Treatment outcome/
. Mortality/
. Survival/
. Survival rate/
. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR Disease progression)
.130R140OR 1516 OR 17 OR 18
. 19 AND 20

Web of Science

1. (Sarcopen* OR Malnutrition OR “Muscle loss” OR “Muscle wasting” OR “Muscle depletion”
OR “Muscle reduction” OR “Muscle strength” OR “Muscle mass” OR “skeletal muscle
attenuation” OR “Skeletal muscle” OR “Body composition”)

2. ((Muscle OR muscular) NEAR/3 (Loss* OR waste* OR wastage* OR depletion* OR
reduction* or low))

3. 10R2

4. ((Gynae* OR Gyne* OR Ovar* OR Endometr* OR Cervi* OR “female genital*”) NEAR/3
(Cancer* OR Tumo$r* OR Carci* OR Malignan* OR Neoplasm* OR Adenocarcinoma* OR
Onco*)

5. 3AND4

6. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR “Disease progression”)

7. 5AND 6

CINAHL Plus

1. (MH “Sarcopenia”)

2. (Sarcopen* OR Malnutrition OR “Muscle loss” OR “Muscle wasting” OR “Muscle depletion”
OR “Muscle reduction” OR “Muscle strength” OR “Muscle mass” OR “Skeletal muscle
attenuation” OR “Skeletal muscle” OR “Body composition”)

3. ((Muscle OR muscular) N3 (Loss* OR waste* OR wastage* OR depletion* OR reduction* or
low))

4. 10R20R3

5. (MH “Genital neoplasms, female”)

6. (MH “Ovarian neoplasms”)
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(MH “Carcinoma, ovarian epithelial”)
(MH “Uterine neoplasms+”)
(MH “Adenocarcinoma in situ, cervix”)

. ((Gynae* OR Gyne* OR Ovar* OR Endometr* OR Cervi* OR “Female genital”’) N3 (Cancer*

OR Tumo#r* OR Carci* OR Malignan* OR Neoplasm* OR Onco* OR Adenocarcinoma*))

.50R60OR70R80OR90R 10

.4 AND 11

. (MH “Prognosis”)

. (MH “Treatment outcomes”)

. (MH “Survival”)

. (MH “Mortality”)

. (MH “Predictive validity”)

. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR “Disease progression”)
.130R140R150R 16 OR 17 OR 18

.19 AND 20



Appendix 3. Trivella (77) calculator for recovering survival analysis data.

MNakayama SMI-0S
Makayama IMAC -OS
Makayama SMI - PFS

MNakayama IMAC - PFS
Ataseven MA-OS
Staley SMI - 05
Staley SMI - PFS

Kuroki PI-OS
Kuroki Pl-PFS
Kiyotoki PA-QOS
Kiyotoki SMA-0OS
Kiyotoki PA-PFS

Kiyotoki SMA-PFS

Rodrigues SMI - 1YS

where

N PP PR T NI P PP PO I N S P ) PP

BEKEeRRe =z

122
122

Beaag

Rp

pa
21
118

118
&1

B2

2y

2NN

H
-1

0.9601087
0.0150403
0.9761301
0.0991741
3.2805267
0.2533471
0.6964734
1.1503494
23263479
0.651072
0.6852004
0.0526635
0.334503
25758293

se=1/rootV

0.5448593203
0.665863333
0.42207246
0.480160878
0.21265249
0.252382346
0.195795361
0.4
0.458831468
0.501114828
0.502518808
0.501114829
0.502518908
0.285714286

J
In(HR)

0.5231573
0.0100148
0.4119976
0.0476195
0.6958703
0.0638403
0.1755259
0.4601396
1.0674016
0.3262618
0.4448752
0.02635905
0.1680841
0.7358512

K
In{LCI)

-0.544833
=1.285077
-0.415264
-0.693496
0.2682953
-0.430728
-0.206234
-0.32386
0.1680819
-0.655923
-0.540062
-0.955785
-0.816643
0.1758512

L
In(UCI)

1.5911479
1.3151068
1.2382597
0.9887349
1.1167476
0.5586097
0.559266
1.2441358
1.9667113
1.3084468
1.4286122
1.0085755
1.1530312
1.2850512

274
347
3.65

P
2

-0.86011
-0.01504
-0.97613

-0.088174
-3.2805627
-0.253347
-0.896473
-1.150348
-2.326348
-0.651072

-0.88529

-0.052664
-0.334503
-2.575820

Q
In{HR){p/2)

-0.52315726
-0.01001481
-0.41189763
-0.04761855
-0.69987032
-0.06384034
-0.17552588
-0.46013975
-1.06740161
-0.32626184
-0.44487519
-0.02635047

-0.1680841

-0.73585123

R
In{LCI)(p/2)

-1.581147583
-1.31510684
-1.23925065
-0.88873487
-1.1167476
-0.55860873
-0.559286
-1.24413575
-1.86671128
-1. 30844691
-1.42881225
-1.00857554
-1.15303116
-1.28585123

]
In{UCH{p/2)

0.54483342
1.28507732
0.41526438
0.89349577
-0.282593
0.43072806
0.20823424
0.32386025
-0.1680919
065582322
0.54006187
0.95573459
0.81684286
-0.1758512

T
HR (p/2)
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u
LCI (p/2)

v
UCI (p/2]

1.72
3.65
1.51
244
0.75
1.54
1.23
1.38
0.85
1.93
1.72
26
2.26
0.84




Study

Ataseven et al. (41)
Aust et al. (29)
Bronger et al. (42)

Conrad et al. (43)

De Paula et al. (44)

Ganju et al. (31)
Gillen et al. (45)
Huang et al. (30)

Huang et al. (46)

Appendix 4. Factors adjusted for in multivariable analysis in each included study.

Factors adjusted for in multivariable analysis:

NR

NR

Age, FIGO stage, and postsurgical tumour burden.
NR

SMI. age, histological subtype, staging, comorbidities

systemic arterial hypertension and diabetes mellitus and

body mass index.

LRMSI/HRSMI: age, race, staging, comorbidities systemic

arterial hypertension and diabetes mellitus and body mass
index and low SMI.

NR
Age, stage, and residual disease.
Stage, residual disease after PDS, and malignant ascites.

FIGO stage, PDS outcome, and malighant ascites.

) Age, FIGO stage, serum CA-125 levels, primary treatment
Kim et al. (47) ) )
strategy, residual tumour size after surgery, and BMI.

Kiyotoki et al. (48) “known prognostic factors”.

Kumar et al. (49) NR

Kuroki et al. (50) Race, BMI, lymphocyte count, and histology.

Lee et al. (32) FIGO stage, pathology and treatment.

OS: histological grade and type, and cervical stromal

involvement.

PFS: age, histological grade and type, and cervical

Lee et al. (51) ]
stromal involvement.

Longitudinal: histological grade and type, and cervical

stromal involvement).
Lee et al. (52) NR
Matsubara et al. (53) “known prognostic factors”

Matsuoka et al. (54) N/A

32
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Nakayama et al. (35) N/A

(55) Model 2: BMI, age, VAT, SAT, VAT/SAT, IMA and SMI
] Age, histologic type, staging, comorbidities (e.g. systemic
Rodrigues and

arterial hypertension and diabetes mellitus), type of cancer
Chaves, (56)

treatment, and fat mass index (kg/m?).

Rutten et al. (57) NR
Rutten et al. (58) Age, tumour stage, and surgical outcome.
Rutten et al. (59) NR
Sanchez et al. (60) NR
Staley et al. (61) N/A
Yoshikawa et al. NR
(62)

Abbreviations: BMI — body mass index, CA — cancer antigen, FIGO - International Federation of
Gynaecology and Obstetrics, IMA — intramuscular adipose, IMFA — intramuscular fat area, L/H-RSMI
— low/high-radiodensity skeletal muscle index, NR — not reported, OS — overall survival, PDS —
primary debulking surgery, PFS — progression free survival, SAT — subcutaneous adipose tissue, SMI
— skeletal muscle index, VAT — visceral adipose tissue.
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Appendix 5. Level and software used for sarcopenia assessments from computed tomography

(CT) scan.
Study
Ataseven et al. (41)
Aust et al. (29)
Bronger et al. (42)
Conrad et al. (43)
De Paula et al. (44)
Ganju et al. (31)
Gillen et al. (45)
Huang et al. (30)
Huang et al. (46)
Kim et al. (47)
Kiyotoki et al. (48)
Kumar et al. (49)
Kuroki et al. (50)
Lee et al. (32)
Lee et al. (51)
Lee et al. (52)
Matsubara et al. (53)
Matsuoka et al. (54)
Nakayama et al. (35)

Nattenmuller et al.
(55)

Rodrigues and
Chaves, (56)

Rutten et al. (57)
Rutten et al. (58)

Rutten et al. (59)

Level

L3

L3

L3

L4

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3

L3/4

L3

L3

L3

HU Range

-29-150

-29-150

-29-150

NR

-29-150

-20-150

-30-110

-29-150

-29-150

-29-150

-29-150

-29-150

NR

-29-150

-29-150

-29-150

-29-150

-29-150

-29-150

-20-150

-29-150

-30-150

-29-150

-29-150

Software or Manual
SliceOmatic
SliceOmatic
OsiriX

NR

SliceOmatic

NR

NR

Varian Eclipse
Varian Eclipse
AsanJ-Morphometry
Synapse Vincent
SliceOmatic
Manual

Varian Eclipse
Varian Eclipse
Varian Eclipse
Synapse Vincent
Synapse Vincent
NR

Syngo Volume Tool

SliceOmatic

SliceOmatic
SliceOmatic

SliceOmatic



35

Sanchez et al. (60) L3 -29-150 SliceOmatic
Staley et al. (61) L3 -29-150 SliceOmatic
Yoshikawa et al. (62) L3 NR Manual

Abbreviations: HU — Hounsfield units, L3/4 — third/fourth lumbar, NR — not reported.
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Appendix 6. Sarcopenia cut-off points from each study and where they were determined from.

Study

Ataseven
et al. (41)

Aust et
al. (29)

Bronger
et al. (42)

Conrad et
al. (43)

De Paula
et al. (44)

Ganju et
al. (31)

Gillen et
al. (45)

Huang et

al. (30)

Huang et
al. (46)

Kim et al.
(47)

Sarcopenia cut offs used
SMI <38.5 cm?/m?

SMI <39.0 cm?m?

SMI <41.0 cm?®m?

SMD <32 HU

SMI <41.0 cm?%m?

SMD <39.0 HU

SMI <41 + SMD <39

SMI <38.5 cm?/m?

CMI <2.8 cm?/m?

SMI <38.9 cm?/m?

SMI <41.0 cm?/m?

SMD <41.0 HU + BMI <25
SMD <33.0 HU + BMI >25
SMD <37.0 HU

SMI <41.0 + SMD <37.0

PA <15.0 cm?

SMI <39.1 cm?m?
SMD <35.5 HU
SMI <39.2 cm?m?
SMD <35.5 HU

SMI <39.0 cm?/m?

Cut offs determined from
Prado et al. (36)
Kumar et al. (49)

Martin et al. (63)

Martingale residuals method

Martin et al. (63)

Multivariable fractional

(FP) method

polynomials

Martin et al. (63) + Multivariable FP

method

Prado et al. (36)

Cohort mean

Mourtzakis et al. (64)

Martin et al. (63)
Martin et al. (63)
Martin et al. (63)
Calculated for review

Martin et al.

review

Cohort median

Lowest tertile
Lowest tertile
Lowest tertile
Lowest tertile

Fearon et al. (65)

(63) + calculated for



Kiyotoki
et al. (48)

Kumar et
al. (49)

Kuroki et
al. (50)

Lee et al.
(32)

Lee et al.
(51)

Lee et al.
(52)

Matsubar
aetal. (53)

Matsuoka
et al. (54)

Nakayam
aetal. (35)

Nattenmu
ller et al. (55)

Rodrigue
S and
Chaves, (56)

Rutten et
al. (57)

SMA <90.29 cm?
PA <10.07 cm?
SMI <39.0 cm?/m?

SMI <39.0 cm?m? + BMI

>25

Pl <4.33 cm?/m?

Pl <4.33 + BMI >30

SMI <41.0 cm?m?

SMD <41.0 HU + BMI<25
SMD <33.0 HU + BMI>25
SMD <37.0 HU

SMI <39.3 cm?/m?

SMD <35.1 HU

SMG <1408.1

SMI <36.3 cm?%/m?

SMD <30.7 HU

SMA <92.92 cm?

PA <9.96 cm?

PV <195.6 cm®

SMI <36.55 cm?/m?

Pl <3.9 cm®/m?

SMI <30.88 cm?/m?
IMAC >-0.511

SMI <41.0 cm?/m?

SMI <42.4 cm?/m?

SMD <30.0 HU

SMI <38.73 cm?/m?

Cohort mean

Cohort mean

Fearon et al. (65), Prado et al. (36)

Tan et al. (75)

Cohort median
n/a

Martin et al. (63)
Martin et al. (63)
Martin et al. (63)
Calculated for review
Lowest tertile
Lowest tertile
Lowest tertile
Lowest tertile
Lowest tertile
Cohort median
Cohort median

Cohort median

Receiver operator curve analysis

Receiver operator curve analysis

Hojan et al. (75)
Cohort median

Martin et al. (63)

Cohort median

Cohort median

Optimum stratification
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SMD <33.67 HU Lowest tertile

IMAT <3.51 cm?/m? Highest tertile

Pl <4.65 cm?/m? Lowest tertile

Rutten et NR NR
al. (58)
Rutten et SMI <41.5 cm?m? Cohort median
al. (59)
Sanchez SMI <38.5 cm?m? Prado et al. (36)
et al. (60)
Staley et SMI <41.0 cm?m? Martin et al. (63)
al. (61)
Yoshikaw Pl <3.72 cm?m? Receiver operator curve analysis
aetal. (62)

Abbreviations: BMI — body mass index, CMI — central muscle index, IMAC - intramuscular adipose
tissue content, IMAT — intramuscular adipose tissue index, NR — not reported, PA — psoas muscle
area, Pl — psoas muscle index, PV — psoas muscle volume, SMA — skeletal muscle area, SMD —
skeletal muscle density (includes measures of muscle attenuation (MA)), SMG — skeletal muscle
gauge, SMI — skeletal muscle index.

Appendix 7. The mean and range of pre-treatment sarcopenia prevalence using the three most
frequently used assessments: SMI, SMD and PI.

Assessment | Mean (range) Mean (range) Mean (range) Mean (range)
prevalence of prevalence of prevalence of prevalence of
sarcopenia sarcopeniain sarcopeniain sarcopeniain
overall (%) OC (%) EC (%) CC (%)

SMI (cm“/m®) [38.0 (11.0 -|38.3(11.0-66.0) |375 (258 -[335 (331 -
66.0) 50.0) 34.2)

SMD (HU) 39.3 (210 -|30.0(21.1-35.0) |56.8 (336 —|33.1(n/a)

80.0) 80.0)
Pl (cm°/m?) 53.7 (50.0-57.5) | n/a 50.0 (n/a) 57.5 (n/a)

Abbreviations: CC — cervical cancer, EC — endometrial cancer, n/a — not applicable (used when
there was not enough data to calculate a mean or range), OC — ovarian cancer, Pl — psoas
index, SMD — skeletal muscle density (includes measures of muscle attenuation (MA)), SMI —

skeletal muscle index.

Appendix 8. Survival outcome definitions from each study.

Study

Ataseven
et al. (41)

Outcome definitions

OS was calculated in days from the date of surgery to the date of last

follow-up or death.



Aust et al.
(29)

Bronger
et al. (42)

Conrad et
al. (43)

De Paula
et al. (44)

Ganju et
al. (31)

Gillen et
al. (45)

Huang et
al. (30)

Huang et
al. (46)

Kim et al.
(47)
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OS was defined as the time interval between diagnosis and tumour

associated death.
PFS as the time between diagnosis and disease progression or death.

Overall observation time was the time interval between diagnosis and
last contact or date of death. Patients without recurrence, disease
progression or non-cancer related death were censored at the time of last

follow-up visit.

Progression was stated if it was verifiably documented by imaging

techniques.

PFS was defined as the length of time in months from treatment

initiation to recurrence or progression of disease.

OS was defined as the length of time in months from diagnosis to
death, and patients alive at the last contact were considered right-

censored for survival analysis.

One-year survival was estimated from Kaplan Meier. Those who
remained alive within 365 days based on the date of primary cancer

treatment were censored.

Progression was calculated as time from surgery until radiographic or
clinical progression. If no radiographic or clinical progression was
identified, these patients were analysed as censored using time from

surgery to last recorded contact.

OS and PFS were estimated from Kaplan Meier.

PFS was measured from the date of diagnosis until dis- ease

progression, death, or last follow-up visit.

OS was measured from the date of diagnosis until death of any cause

or last follow-up visit.

OS was defined as the time from the date of surgery to the date of

death from any cause.

PFS was defined as the time from the date of surgery to the date of

disease recurrence, progression, or death from any cause.

OS was defined as the time interval between the date of diagnosis and

the date of cancer-related death or the end of the study.



Kiyotoki
et al. (48)

Kumar et
al. (49)

Kuroki et
al. (50)

Lee et al.
(32)

Lee et al.
(51)

Lee et al.
(52)

Matsubara

et al. (53)
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PFS as the time interval between the start date of primary treatment
and the date of image-confirmed disease progression, which was
assessed based on the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1

OS and PFS were estimated from Kaplan Meier.

Duration of follow-up was calculated from the date of the surgery to the
date of death or last follow-up.

Time to recurrence was defined as the time from date of surgery to

physical or radiographic evidence of disease recurrence.

RFS was the time from surgery to physical or radiographic evidence of
disease recurrence or date of last contact if no recurrence occurred.
Patients alive without disease recurrence were censored at the date of last

contact.

OS was defined as the time between date of surgery and the date of

death or the date at last follow-up.

Survival was measured from the date of treatment to the date of death

or last follow-up.

OS was defined as the time from the date of diagnosis to that of death

from any cause

PFS was defined as the time from the date of diagnosis to that of

disease recurrence, progression, or death from any cause.

RFS was defined as the time from diagnosis to recurrence or death

from any cause.

Distant failure was defined as recurrence in non-regional lymph nodes
(mediastinal or supraclavicular region) or visceral metastasis. Pelvic
failure was defined as recurrence in the cervix, adjacent pelvic organs
(e.g., parametrium, bladder, and vagina), or PLNs. Failure was recorded on
the basis of clinical examination and imaging findings with pathology

proven where possible.
This lead to use of DRFS.

OS and PFS were estimated from Kaplan Meier.



Matsuoka
et al. (54)

Nakayama
et al. (35)

Nattenmul
ler et al. (55)

Rodrigues
and Chaves,
(56)

Rutten et
al. (57)

Rutten et
al. (58)

Rutten et
al. (59)

Sanchez
et al. (60)

Staley et
al. (61)

Yoshikaw
aetal. (62)
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NR

OS and PFS were estimated from Kaplan Meier.

OS and PFS were estimated from Kaplan Meier.

One-year survival was estimated by Kaplan Meier. Those who remained

alive within 365 days based on the date of first cancer treatment were

censored.

OS was calculated as the time between surgery and death of any

cause. Survivors were censored at a fixed date no sooner than six months

after inclusion of the last patient.

OS was defined as the period of time between the initial CT and a

patient’s death from any cause as reported in national registries. Patients

who were still alive at the time of analysis were censored at a fixed date.

OS was computed from the date of the initial CT scan up to the date of

death from any cause.

For patients who were still alive at the time of analysis, a fixed date was

set for data collection, and all patients were censored at this date, which

was at least 6 months after the last included subject was diagnosed.

A recurrence curve was measured from date of diagnosis to the date of

progression or last follow-up visit.

A survival curve was measured from the date of diagnosis to the date

of death or last follow-up visit.

PFS was defined as the time of date of pathologic diagnosis until date

of confirmed recurrence.
OS was defined as date of pathologic diaghosis until date of death.

OS was defined as the time from primary treatment initiation to death

for any reason, was the main outcome analysed.

The diagnosis of recurrence was based on CT images.

The follow-up time was defined as the time interval between the

beginning of primary treatment and the last date of follow-up or death.
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Abbreviations: CT — computed tomography, DRFS — disease recurrence free survival, OS — overall
survival, PFS — progression free survival, RFS — recurrence free survival.

Appendix 9. Risk of bias graph: the authors' judgements about each risk of bias item from the
QUIPS checklist presented as percentages across all included  studies.

Study Participation

Study Attrition

Prognostic Factor Measurement

Outcome Measurements

Study Confounding

Statistical Analysis and Reporting
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Appendix 10. Risk of bias summary: review authors' judgements about each risk of bias item for
each included study.

» £

E g

g 3 =

£ 2 8 8 8 &8

& & & 6 & &

araseven etal 2018 (@) (@2 (@ |2 | @
susteta. 2015 | @) | @ | @ | @ |7 | @
Brongeretal 2017 | @) | @ | @ (@ | 7 | @
Conradetal 2012 | @ | @ |72 | @ | @ | @
DePaulaeta. 2013 | @ | @ | @ | @ |7 | 2
Ganjuetal. 2020 | @ | @ | @ | @ | @ | @
Gilleneta. 2015 (@) (@] 2 |2 |7 | @
Huangetal 20202 | @) | @ | @ | @ |7 | @
Huang et al. 20200 | @ | @ 7@
Kimeta. 2020 | @) | @ | @ | @ |7 | @
Kiyoiokietal 2018 | @) | @ | @ | 2 | @ | @
Kumaretal. 2016 | @ | @ | @ | 2 | @ | @
Kurokietal 2015 (@ | @ | @ (@ |7 | @
leeetal 2018 | @ | @ |7 |7 | @@
Leeetal. 2013 (@ | @ | @ @ |7 | @
Lesetal 2020 (@ | @| 7 (@72 | @
Matsubaraetal 2018 (@ (@ |2 [2 |2 | @
Matsuokaetal. 2013 (@ | @ |7 |7 | @ | @
Makayamaetal. 2015 | @) | @ | @ | 2 | @ | @
MNattenmuller et al. 2018 | @) [ @ |2 |2 |2 | @
Rodrigues and Chaves, 2015 | @) | @ | @ (@ |7 @
Rutten et al. 2015 | @ | @ | @ | @ =
Rutten et al 20172 | @) | @ | @ [ @ | @ @
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Sanchezetal. 2013 | 7 | @ | @ (@ |7 | @
stalevetal. 2020 [ @) | @ | @ | @ | Q| @
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Appendix 11. Forest plot of univariable results for pre-treatment sarcopenia measured <60 days
before treatment and overall survival in ovarian cancer patients.

Study or Subgroup log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

1.3.1 SMI

Alust et al 2015
Huang et al. 2020a
Fumar et al. 201&
Makayama et al. 2012
Rutten et al. 2017a
Subtotal (95% CI)
Heterogeneity, Tau® = 0.07; Chi? = 8.71, df = 4 (P =
Test for overall effect; 2 = 1.74 (P = 0.08)

-0.0834 03111
07655 02808
-0.0101 01554
05232 05449
04292 0168

1.3.2 SMD

Atasewen et al. 2018
Aust et al 2015
Huang et al. 2020a
Kumar et al. 201&
Rutten et al. 2017a
Subtotal (95% CI)
Heterageneity Tau® = 0.0%; Chi? = 982, df = 4 (P =
Test for awerall effect: 2 = 2.74 (P = 0.0002]

06999 02127
0.BY9E 02673
06419 02075
02211 0.078&
0.2485 01722

1.35P

Rutten et al. 2017a

Subtotal (95% CI)
Heterogeneity: Mot applicahle
Test for owverall effect: 2 = 0,35 (P = 0.72)

00602 01707

1.3.6 IMAT
Makayama et al. 2019
Rutten et al. 2017a
Subtotal (95% CI)
Heterogeneity, Tau® = 0.00; Chi? = 0.02, df = 1 (P =
Test for owerall effect: £ = 0.44 (F = 0.66)

0.01 0&&:9
-0.082: 01724

Total (95% CI)

5.1%
5.9%
10.9%
2.1%
10.2%
34.1%

0.07); 12

8.2%
6.3%
52K
15.0%
10.0%
44.7%

0.04); 12

10.1%
10.1%

1.5%
9.7%
11.1%

0.89); 2

100.0%

0.92 [0.50,
2.15 [1.24,
0.99[0.73,
1.63[0.58, 4.91]
1.34[1.11, 2.14]
1.33 [0.97, 1.83]

1.63]
3.73]
1.34]

= 54%

2.01[1.23,
2.41[1.43,
1.90 [1.04,
1.26 [1.08, 1.47]
1.42 [1.01, 1.99]
1.63 [1.26, 2.10]

2.06]
4.07]
2.47]

= 59%

1.0& [0.76, 1.4E8]
1.06 [0.76, 1.48]

1.01[0.27, 2.73]
0.92 [0.65, 1.21]
0.93 [0.66, 1.30]

03

1.36 [1.15, 1.60]

Heterogeneity, Tau? = 0.04; Chi® = 25.47, df = 12 (P = 0.01); I* = 53%

Test for owerall effect: £ = 2.68 (P = 0.0002]

Test for subgroup differences: Chi? = 8.13, di = 3 (P = 0.04), I = 63.1%

IS ¢ H*\“ ¢

0.01

o1 1 10 100
Favours [Higher OS] Favours [Lower OS]

Abbreviations: ClI — confidence interval, OS — overall survival, PI- psoas index, SMD — skeletal muscle
density, SMI — skeletal muscle index.
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Appendix 12. Forest plot of univariable results for pre-treatment sarcopenia and overall survival
in epithelial ovarian cancer patients.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 SMI
Aust et al 2015 -0.0834 0.2111 7.3% 0.92 [0.50, 1.69] —r
Bronger et al. 2017 1.1537 0. 4587 4. 4% 217 [1.29, 7.79] e
Huang et al. 2020a 0.7655 0.28B08 B 1% 2.15[1.24, 2.73] I
Kumar et al. 2016 -0.0101 01554 12.5% 0.99[0.73, 1.34] -
Staley et al. 2020 00633 0.2524 9.0% 1.07 [0.65, 1.75]  —
Subtotal (95% CI) 41.3% 1.34 [0.90, 1.99] ~.

Heterogeneity. Tau® = 0.12; Chi* = 11.28, df = 4 (P = 0,023, I* = 65%
Test for overall effect: 2 = 1.44 (P = 0.15)

1.5.2 SMD

Ataseven et al. 2018 06999 02127 10.4% 2.01[1.22, 2.08] —
Alst et al. 2015 08796 02673 8.5% 2.41[1.43, 4.07] —_—
Huang et al. 2020a 0.641%9 03075 7.4% 1.90[1.04, 3.47] —
Kumar et al. 2016 02311 00786 15.2% 126 [1.08, 1.47] -
Subtotal (95% CI) 41.4% 1.75 [1.23, 2.50] L

Heterageneity: Tau® = 0.09; Chi® = 982, df = 2 (P = 0.021; 17 = 69%
Test for overall effect: 2 = 2.08 (P = 0.002)

1.5.3 PA
Matsubara et al. 2019 0.5504 0.3632 6.1% 1.73 [0.85, 3.53] T
Subtotal (95% CI) 6.1% 1.73 [0.85, 3.53] e
Heterogeneity. Mot applicable
Test for overall effect: 2 = 1.52 (P = 0.13)
1.5.4 PV
Matsubara et al. 2019 1.0585 0.4078 5.2% 2.88[1.20, 6.41] —_—
Subtotal (95% CI) 5.2%  2.88 [1.30, 6.41] T
Heterogeneity. Mot applicable
Test for overall effect; £ = 2.60 (P = 0,003
1.5.5 SMA
Matsubara et al. 2019 0.7821 0.3707 5.a% 2.19[1.08, 4.52] —
Subtotal (95% CI) 5.9% 2.19 [1.06, 4.52] ity
Heterogeneity. Mot applicable
Test for averall effect: 2 = 2.11 (P = 0.03)
Total (95% CI) 100.0% 1.61 [1.29, 2.01] L 2
i 2 _ . iz - - 1R = ! | } |
Heterogeneity: Tau® = 0.08; Chi 28,21, df = 11 {P = 0.003); | 1% o1 o T e 100

Test for overall effect: 2 = 4.22 (P < 0.0001)
Test for subgroup differences: Chi® = 257, df = 4 (P = 0.47), I* = 0%

Abbreviations: CI — confidence interval, OS — overall survival, PA — psoas area, PI- psoas index, PV —
psoas volume, SMA — skeletal muscle area, SMD — skeletal muscle density, SMI — skeletal muscle
index.

Favours [Higher OS] Favours [Lower OS]
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Appendix 13. Forest plot of univariable results for pre-treatment sarcopenia measured <60 days
before treatment and overall survival in endometrial cancer patients.

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 SMI
Ganju et al. 2020 08042 0.5324 12.4% 2.47 [0.87, 7.01] b
Lee et al. 2019 -0.1625 0.4527 15.5% 0.85 [0.35, 2.06] ——
Subtotal (95% CI) 27.9% 1.40 [0.49, 3.96] —~atil——
Heterogeneity, Tau® = 0.32; Chi* = 2.33, df = 1 (P = 0.13); P = 57%
Test for overall effect: £ = 062 (P = 0.53)
2.3.2 SMD
Ganju et al. 2020 1.2585 0.7496 7.3%  3.52[0.8]1, 15.20] -
Lee et al. 2019 03001 0.4137 17.4% 1.35 [0.60, 3.04] —r—
Subtotal (95% CI) 24.7% 1.78 [0.76, 4.16] e
Heterogeneity: Tau® = 0.0%; Chi* = 1.25, df = 1 (P = 0.26); I = 20%
Test for overall effect; £ = 1.22 {(F = 0.18)
233 P
Kuroki et al. 2015 0.4601 0.4 18.1% 1.581[0.72, 3.47] o e
Subtotal (95% CI) 18.1% 1.58 [0.72, 3.47] il
Heterogeneity. Mot applicable
Test for overall effect: 2 = 1.15 (P = 0.25)
2.3.4 SMG
Lee et al. 2012 -0.0726 04305 16.5% 0,893 [0.40, 2.16] —_——
Subtotal (95% CI) 16.5% 0.93 [0.40, 2.186] B
Heterogeneity, Mot applicable
Test for overall effect; £ = 0.17 (P = 0.87)
2.3.5 SMI+SMD
Ganju et al. 2020 1.4469 0.5213 12.8% 4.25[1.53, 11.81] —_—
Subtotal (95% CI) 12.8% 4.25[1.53, 11.81] el
Heterogeneity, Mot applicable
Test for overall effect: £ = 2.78 (P = 0.00&)
Total (95% CI) 100.0% 1.63 [1.05, 2.52] -

. i . | , , ,
Heterogeneity: Tau® = 0.11; Chi* = 898, df = 6 (P = 0.17); I = 33% boT o T % o0

Test for overall effect; £ = 2.20(F = 0.02)
Test for subgroup differences: Chi*? = 5.21, of = 4 (P = 0.27), I = 22.2%

Abbreviations: Cl — confidence interval, PFS — progression free survival, Pl - psoas index, SMD —
skeletal muscle density, SMG — skeletal muscle gauge, SMI — skeletal muscle index.

Favours [Higher PFS] Favours [Lower PFS]

Appendix 14. Narrative reporting of multivariable analysis results from cox-proportional hazard
regression analysis for pre-treatment sarcopenia (using four sarcopenia assessments: SMI,

SMD, PV, SMA) and overall survival in ovarian cancer patients.

Study

| Adjusted Result

Comments

SMI

Aust et al. (29)

HR:1.23, 0.61-2.48, P=0.565

Adjusted results indicated low SMI was
not an independent predictor of lower OS.

(42)

Bronger et al.

HR:2.89, 1.11-7.54, P=0.031

Adjusted results indicated low SMI was an
independent predictor of lower OS.

(30)*

Huang et al.

HR:1.08, 1.03-1.12, P=0.001

Adjusted results indicated low SMI was an
independent predictor of lower OS.

(46)*

Huang et al.

HR:1.01, 1.03-1.11, P=0.002

Adjusted results indicated low SMI was an
independent predictor of lower OS.

Kim et al. (47)

HR:0.87, 0.49-1.55, P=0.636

Adjusted results indicated low SMI was
not an independent predictor for lower
OS.

(57)

Rutten et al.

HR:1.36, 0.97-1.92, P=0.076

Adjusted results indicated low SMI was
not an independent predictor of lower OS.

SMD

(41)

Ataseven et al.

HR:1.79, 1.22-2.62, P=0.003

Adjusted results indicated low SMD was
an independent predictor of lower OS.

Aust et al. (29)

HR:2.25, 1.09-4.65, P=0.028

Adjusted results indicated low SMD was
an independent predictor of lower OS.

(30)*

Huang et al.

HR:1.05, 1.01-1.10, P=0.04

Adjusted results indicated low SMD was
an independent predictor of lower OS.

Huang et al.

HR:1.05, 1.01-1.10, P=0.01

Adjusted results indicated low SMD was
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(46)* an independent predictor for OS.

Kumar et al. | HR:1.23, 1.05-1.43, P=0.009 Adjusted results indicated low SMD was

(49) an independent predictor for OS.

PV

Matsubara et | HR:0.98, 0.37-2.62, P=0.969 Adjusted results indicated low PV was not

al. (53) an independent predictor for lower OS.

SMA

Matsubara et | HR:2.11, 0.77-5.80, P=0.15 Adjusted results indicated low SMA was

al. (53) not an independent predictor for lower
0sS.

Abbreviations: Cl — confidence intervals, HR — hazard ratio, PV — psoas volume, OS — overall
survival, SMA — skeletal muscle area, SMD — skeletal muscle density (includes measures of muscle
attenuation (MA)), SMI — skeletal muscle index.

Studies marked with an Asterisk (*) contain some of the same population.

Appendix 15. Narrative reporting of multivariable analysis results from cox-proportional hazard
regression analysis for pre-treatment sarcopenia (using six sarcopenia assessments: SMI, SMD,

Study | Adjusted Result | Comments

SMI

Lee et al | HR:0.63,0.23-1.72, P=0.37 (model A) | Adjusted results indicated low SMI was

(51) HR:0.67, 0.27-1.70, P=0.40 (model B) | not an independent predictor of lower
OsS.

SMD

Lee et al | HR:1.18, 0.48-2.86, P=0.72 (model A) | Adjusted results indicated low SMD was

(51) HR:1.33, 0.54-3.28, P=0.54 (model B) | not an independent predictor of lower
OsS.

PI

Kuroki et al. | HR:1.98, 0.81-4.86, P=0.13 Adjusted results indicated low Pl was

(50) not an independent predictor of lower
OsS.

PA

Gillen et al. | HR:1.83, 0.34-1.72, P=0.09 Adjusted results indicated low PA was

(45) not an independent predictor of lower
OsS.

SMG

Lee et al | HR:0.73,0.29-1.79, P=0.49 Adjusted results indicated low SMG was

(51) not an independent predictor of lower
OsS.

SMI+SMD

Ganju et al. | HR:3.02, 1.04-8.74, P=0.04 Adjusted results indicated low SMI+SMD

(31) was an independent predictor of low OS.

Pl, PA, SMG, SMI+SMD) and overall survival in endometrial cancer patients.

Abbreviations: ClI — confidence intervals, HR — hazard ratio, Pl — psoas index, PV — psoas volume, OS
— overall survival, SMD — skeletal muscle density (includes measures of muscle attenuation (MA)),
SMG - skeletal muscle gauge, SMI — skeletal muscle index.

Appendix 16. Narrative reporting of multivariable analysis results for cox-proportional hazard
regression analysis for pre-treatment sarcopenia (using one sarcopenia assessment:. SMI) and
overall survival in ovarian, endometrial and cervical cancer patients.
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Study

| Adjusted Result

| Comments

SMI

Nattenmuller
et al. (55)

HR:1.04, 0.93-1.15, P=0.510 (model 1)
HR:0.987, 0.94-1.03, P=0.530 (model 2)

Adjusted results indicated low SMI was
not an independent predictor of low
OsS.

Abbreviations: Cl — confidence intervals, HR — hazard ratio, OS — overall survival, SMI — skeletal
muscle index.

Appendix 17. Narrative reporting of multivariable analysis results from cox-proportional hazard
regression analysis for pre-treatment sarcopenia (using one sarcopenia assessment: Pl) and
overall survival in cervical cancer patients.

Study

| Adjusted Result

| Comments

Pl

Yoshikawa et

al. (62)

HR:4.55, 1.36-1.82, P=0.014

Adjusted results indicated low Pl was an
independent predictor of lower OS.

Abbreviations: Cl — confidence intervals, HR — hazard ratio, OS — overall survival, Pl — psoas index.

Appendix 18. Forest plot of univariable results for pre-treatment sarcopenia and progression
free survival in epithelial ovarian cancer patients.

skeletal

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.7.1 SMI
Aust et al 2015 0.1222 0.2371 7% 1.13 [0.71, 1.80] -
Bronger et al. 2017 0.8708 (03856 3.4% 2.64 [1.24, 5.62] —
Huang et al. 2020a 0.5822 022132 5.6 1.78[1.1%, 2.76] —_—
Kumar et al. 2016 0.2624 01764 12.0% 1.30[0.92, 1.84] =
Staley et al. 2020 01755 01838 10.3% 1.1%[0.8]1, 1.75] T
Subtotal (95% CD 42.0% 1.41[1.11, 1.78] L 3
Heterngeneity Tau? = 0.02; Chi® = 5.60, df = 4 (F = 0.23); 17 = 29%
Test for owerall effect: 2 = 2.85 (P = 0.004)
1.7.2 SMD
Austetal 2015 0.4318 02152 G.0% 1.54[1.01, 2.35] —
Huang et al. 2020a 0.207 02258 8.3% 1.23 [0.79, 1.92] T
Kumar et al. 2016 00677 00883 24.3% 1.07 [0.90, 1.27] -
Subtotal (95% CI 41.6% 1.17 [0.96, 1.44] »
Heterogeneity Tau? = 0.01; Chi® = 2.58, df = 2 (F = 0.28); I? = 23%
Test for owerall effect: 2 = 1.55 (P = 0.11)
1.7.3 PA
Matsubara et al. 2019 0.4121 02908 5.58% 1.51[0.85, 2.67] T
Subtotal (95% CI) 5.5% 1.51 [0.85, 2.67] -
Heterogeneity. Mot applicable
Test for owerall effect: 2 = 1.42 (P = 0.16)
1.7.4 PV
Matsubara et al. 2015 06921 03004 525 2.00[1.11, 2.60] —_—
Subtotal (95% CI) 5.2%  2.00[1.11, 3.60] e
Heterogeneity. Mot applicable
Test for owerall effect: 2 = 2.30 (P = 0.02)
1.7.5 SMA
Matsubara et al. 2018 0.2406 (02868 5.7 1.27 [0.73, 2.23] -1
Subtotal (95% CI) 5.7% 1.27 [0.73, 2.23] -
Heterogeneity. Mot applicable
Test for owerall effect: 7 = 0.84 (P = 0.40)
Total (95% CI) 100.0% 1.33 [1.15, 1.54] 4
Heterngeneity Tau? = 0.01; Chi® = 13.57, df = 10 (P = 0.19); P = 26% t t ;

Test for owerall effect: 2 = 3.87 (P = 0.0001)

Test for subgroup differances: Chi? = 271, df = 4 (F = 0.45), I° = 0%
Abbreviations: Cl — confidence interval, PFS — progression free survival, PA — psoas area, PI - psoas

index, PV — psoas volume, SMA — skeletal muscle area, SMD — skeletal muscle density, SMI —

muscle index.

001

. 1
Favours [Higher PFS] Favours [Lower PFS]

100
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Appendix 19. Forest plot of univariable results for pre-treatment sarcopenia measured <60 days
before treatment and progression free survival in ovarian cancer patients.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 5MI
Ayst et al 2015 01222 02371 8.93% 1.1z [0.71, 1.8Q] —_
Huahg et al. 2020a 05822 02213 10.1% 1791l 16, 2.76] —
Kumar et al. 2016 02624 01764  15.1% 120 [0.52, 1.84] r=—
Makayama et al. 2019 0412 04221 3.0% 151 [066, 3.45] I
Subtotal (95% CI) 37.2% 1.39 [1.11, 1.74] ’v

Heterogeneity, Tau? = 0.00; Chi = 2.25, df = 3 (P = 0.52); I?
Test for overall effect: 2 = 2.85 (F = 0.004)

1.6.2 SMD

Alst et al 2015 04218 0.2152 10.6%
Huang et al. 2020a 0.207 0.2259 9.8%
Kumar et al. 2016 00677 (0.088E 42.5%
Subtotal (95% CI) 62.8%

Heterogeneity, Tau® = 0.01; Chi* = 258, df = 2 (P = 0.28); 7
Test for overall effect: 2 = 158 (P = 0.11)

Total (95% CI) 100.0%
Heterogeneity, Tau® = 0.01; Chi* = 6.85, df = 6 (P = 0.33); 7
Test for overall effect; 2 = 2,92 (P = 0.0032)

= 0%

1.54 [1.01, 2.35]
1.23 [0.79, 1.92] —
1.07 [0.90, 1.27]
1.17 [0.96, 1.44]

= 23%

1.24 [1.07, 1.44] +
= 12%

Test for subgroup differences: Chi® = 1.16, df = 1 (P = 0.28), I = 13.7%
Abbreviations: Cl — confidence interval, PFS — progression free survival, SMD — skeletal muscle

density, SMI — skeletal muscle index.

——
—
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0.01

100

ol 1 10
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Appendix 20. Narrative reporting of multivariable analysis results from cox-proportional hazard
regression analysis for pre-treatment sarcopenia (using three sarcopenia assessments: SMI,

Study | Adjusted Result | Comments

SMI

Aust et al. | HR:1.31, 0.76-2.26, P=0.336 Adjusted results indicated low SMI was not
(29) an independent predictor of lower PFS.
Bronger et | HR:2.52,1.10-5.81, P=0.03 Adjusted results indicated low SMI was an
al. (42) independent predictor of lower PFS.

Huang et al. | HR:1.04, 1.01-1.08, P=0.008 Adjusted results indicated low SMI was an
(30)* independent predictor of lower PFS.

Huang et al. | HR:1.03, 1.01-1.06, P=0.04 Adjusted results indicated low SMI was an
(46)* independent predictor of lower PFS.

Kim et al | HR:1.29,0.91-1.84, P=0.157 Adjusted results indicated low SMI was not
(47) an independent predictor of lower PFS.
SMD

Aust et al. | HR:1.22,0.69-2.17, P=0.5 Adjusted results indicated low SMD was not
(29) an independent predictor of lower PFS.
Huang et al. | HR:1.02, 0.98-1.05, P=0.3 Adjusted results indicated low SMD was not
(30)* an independent predictor of lower PFS.
Huang et al. | HR:1.04, 1.01-1.09, P=0.03 Adjusted results indicated low SMD was an
(46)* independent predictor of lower PFS.

PV

Matsubara et | HR:0.82, 0.40-1.65, P=0.576 Adjusted results indicated low PV was not
al. (53) an independent predictor of lower PFS.

SMD, PV) and progression free survival in ovarian cancer patients.

Abbreviations: Cl — confidence intervals, HR — hazard ratio, PFS — progression free survival, PV —
psoas volume, SMD — skeletal muscle density (includes measures of muscle attenuation (MA)), SMI —

skeletal muscle index.

Studies marked with an Asterisk (*) contain some of the same population.
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Appendix 21. Narrative reporting of multivariable analysis results from cox-proportional hazard
regression analysis for pre-treatment sarcopenia (using four sarcopenia assessments: SMI,
SMD, PA, SMG) and progression free survival in endometrial cancer patients.

Study | Adjusted Result | Comments

SMI

Lee et al. | HR:0.61, 0.25-1.48, P=0.28 (model A) | Adjusted results indicated low SMI was

(51) HR:0.57, 0.29-1.52, P=0.33 (model B) | not an independent predictor of lower
PFS.

SMD

Lee et al | HR:1.19, 0.54-2.64, P=0.67 (model A) | Adjusted results indicated low SMD was

(51) HR:1.19, 0.54-2.65, P=0.66 (model B) | not an independent predictor of lower
PFS.

PA

Gillen et al. | HR:1.09, 0.53-2.27, P=0.81 Adjusted results indicated low PA was

(45) not an independent predictor of lower
PFS.

SMG

Lee et al | HR:0.63,0.28-1.42, P=0.27 Adjusted results indicated low SMG was

(52) not an independent predictor of lower
PFS.

Abbreviations: Cl — confidence intervals, HR — hazard ratio, PFS — progression free survival, PA —
psoas area, SMD - skeletal muscle density (includes measures of muscle attenuation (MA)), SMG —
skeletal muscle gauge, SMI — skeletal muscle index.

Appendix 22. Forest plot of univariable results for pre-treatment sarcopenia (using SMI) and 1-
year survival in endometrial cancer patients. The forest plot showed a negative effect of

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
De Paulaetal 2014 1.098e 02578 55.1% 200181, 4.597] ——
Eodrigues and Chawes, 2018 0.736 02837 44.9% 2.09[1.19, 3.65] ——
Total (95% CI) 100.0% 2.55 [1.75, 3.71] <
[ ? - ; Chit = = = = : : : !
Heterogeneity: Tau® = 0.00; Chi 089, df = 1P = 02351 0% ho1 a1 1 100

Test for overall effect; 2 = 4.8%9 (P < 0.00001) Favouré [higher 1YS] Favours [lower 1YS]

sarcopenia on overall survival (HR:2.55, 1.75-3.71, P=<0.00001).

Abbreviations: Cl — confidence intervals, HR — hazard ratio, SMI — skeletal muscle index, 1YS — 1-
year survival.

Appendix 23. The 5-year overall survival and progression-free survival rates of pre-treatment
sarcopenic (using three sarcopenia assessments: SMI, SMD, SMG) and non-sarcopenic patients
from five studies on gynaecology cancer patients.

Study Cancer | Sarcopenia | Sarcopenic Non- Sarcopenic Non-
Type Assessment | 5YS rate % (n) | sarcopenic 5Y-PFS rate % | sarcopenic
5YS rate % (n) | (n) or median 5Y-PFS rate %
months (n) or median
(range) months
(range)
Huang oC SMI 52.5 (12/50)% | 64.2 (27/97)* | 20.6 (4/50)° 40.8 (16/97)°
et al SMD 48.9 (10/48)° | 65.0 (29/99)° | 22.9 (4/48)' 37.7 (16/99)'
(30)* SMG 44.9 (10/49)° | 67.9 (29/98)° | 27.3 (5/49) 36.3 (20/98)
Huang oC SMI 54.7 (NR) 63.2 (NR) 22.3 (NR)® 38.5 (NR)?
et al SMD 48.4 (NR)* 65.7 (NR)* 21.8 (NR) 37.7 (NR)
(46)*
Kim et]| OC SMI 64.1 (55/76) 59.3 (67/103) | 18.3 (15.5- 18.7 (14.2-




al. (47) 21.1) 23.2)

Lee et|EC SMD 76.7 (21/44) | 81.3 (31/87) | 70.5(20/44) | 80.7 (31/87)
al. (51)

Lee et|CC SMI 82.6 (67/127) | 83.0 (64/118) | NR NR

al. (32) SMD 80.9 (91/154) | 86.1 (40/91)

Abbreviations: CC — cervical cancer, EC — endometrial cancer, NR — not reported, OC — ovarian
cancer, SMD - skeletal muscle density (includes measures of muscle attenuation (MA)), SMG —

skeletal muscle gauge, SMI — skeletal muscle index, 5Y-PFS — 5 year progression free survival, 5YS
— 5 year survival.

Studies marked with an asterisk (*) contain some of the same population.

Values in the same row with the same superscript were statistically significant using K-M analysis

(p<0.05).




Appendix 24. Characteristics and main findings of longitudinal analysis in nine studies.

52

Study Sample | Cance | Duration Mean change in Outcomes Main findings
size r site | between pre- sarcopenia assessment | measured
and post-
treatment CT
scan (days)
Brongeretal. | 43 EOC Median = 30 -1.4% SMI per 100 days 0s Change in SMI or SMD was not associated
(42) -1.4% SMD per 100 days with OS.
Huang et al. 139 EOC Median = 182 -1.8% SMI per 180 days 0S, PFS, 5YS, SMI change, not SMD change, was
(46) -1.7% SMD per 180 days | 5Y-PFS independently associated with OS and PFS.
Kiyotoki et al. | 60 CcC NR 51.6% >5% loss of SMA OS, PFS PA loss >15% was an independent predictor
(48) 53.3% >5% loss of PA of OS and PFS.
Lee et al. 245 CcC Median = 146 -0.6% SMI per 150 days 0OS, 5YS SMI loss >10% was an independent
(32) -2.9% SMD per 105 days prognostic factor for reduced OS.
Leeetal (51) | 131 EC NR -0.2% SMI per 210 days 0S, PFS, 5YS, SMD and SMG loss were independent
-2.1% SMD per 210 days | 5Y-PFS prognostic factors for poorer OS and PFS.
-2.2% SMG per 210 days
Lee et al. 278 CcC Median = 143 -1.0% SMI per 150 days 3Y-DRFS SMI loss >5% was an independent
(52) -2.9% SMD per 150 days prognostic factor for worse DRFS.
Rutten et al. 123 oC NR -5.2% SMA per 100 days | OS Loss of SMA was an independent prognostic
(59)” +5.6% IMAT per 100 days factor for lower OS.
Rutten et al. 150 oC Median =82.4 | -5.8% SMA per 100 days | OS Loss of SMA was an independent prognostic
(58)” +1.4% PA per 100 days factor for lower OS.
Sanchez et al. | 55 CcC Mean = 122 -5.5% SMI per 200 days 0s, DR SMI loss >10% had a significantly higher risk

(60)

of tumour recurrence and a tendency
towards reduced OS.

Abbreviations: CC — cervical cancer, DR — disease recurrence, DRFS — disease recurrence free survival, EC — endometrial cancer, EOC — epithelial ovarian
cancer, IMAT — intramuscular adipose tissue, NR — not reported, OC — ovarian cancer, OS — overall survival, PA — psoas muscle area, PFS — progression
free survival, SMA — skeletal muscle area, SMD — skeletal muscle density (includes measures of muscle attenuation (MA)), SMG — skeletal muscle gauge,
SMI — skeletal muscle index, 5Y-PFS — 5-year progression free survival, 5YS — 5-year survival.

Studies marked with the same number of Asterisks (*) are studies where some of the same population has been used.
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Appendix 25. Funnel plots with Egger's and Begg’s tests to determine publication bias in 5
meta-analyses where effect sizes were more than 10. A = Pre-treatment sarcopenia and overall
survival in ovarian cancer (corresponding forest plot shown in figure 2). B = Pre-treatment
sarcopenia and progression free survival in ovarian cancer (corresponding forest plot shown in
figure 3). C = Pre-treatment sarcopenia measured <60 days before treatment and overall survival
in ovarian cancer (corresponding forest plot shown in appendix 11). D = Pre-treatment
sarcopenia and overall survival in epithelial ovarian cancer (corresponding forest plot shown in
appendix 12). E = Pre-treatment sarcopenia and progression free survival in epithelial ovarian
cancer (corresponding forest plot shown in appendix 14).
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Appendix 26. Summary of main findings.

QOutcome Main Findings
Overall Overall
Survival e Pre-treatment sarcopenia had an overall negative effect on OS in

meta-analysis of univariate results.

e Pre-treatment sarcopenia was hot
prognostic factor for OS.

Ovarian

e Pre-treatment sarcopenia had a statistically significant overall
negative effect on OS in meta-analysis of univariate results.

e Low SMD had the largest, statistically significant, negative effect on
OS in subgroup meta-analysis of univariate results.

e Low SMD was an independent prognostic factor for OS in five studies
and low SMI was an independent prognostic factor in three.

Endometrial

e Pre-treatment sarcopenia had an overall negative effect on OS in
meta-analysis of univariate results.

e Low SMI and SMD combined had the largest, statistically significant,
negative effect in subgroup meta-analysis of univariate results.

e Low SMI and SMD combined was an independent prognostic factor
for OS in one study.

Cervical

e Pre-treatment sarcopenia had an overall negative effect on OS in
meta-analysis of univariate results.

e Low PI had the largest negative effect in subgroup meta-analysis of
univariate results.

e Low Pl was an independent prognostic factor in one study.

a unanimous independent

Progression
Free Survival

Overall

e Pre-treatment sarcopenia had an overall negative effect on PFS in
meta-analysis of univariate results.

e Pre-treatment sarcopenia was not
prognostic factor for PFS.

Ovarian

e Pre-treatment sarcopenia had a statistically significant overall
negative effect on PFS in meta-analysis of univariate results.

e Low SMI had the largest, statistically significant, negative effect on
PFS in subgroup meta-analysis of univariate results.

e Three studies showed low SMI was an independent prognostic factor
and one study found SMD was an independent prognostic factor for
PFS.

Endometrial

e Pre-treatment sarcopenia had an overall, statistically significant,
negative effect on PFS in meta-analysis of univariate results.

¢ None of the studies that carried out multivariable analysis found pre-
treatment sarcopenia was an independent prognostic factor for PFS.

Cervical

e Pre-treatment sarcopenia had an overall negative effect on PFS in
meta-analysis of univariate results.

a unanimous independent

1 Year | Endometrial

Survival Pre-treatment low SMI had a strong, statistically significant, negative
effect on 1YS in meta-analysis of univariate results.

3 Year | Endometrial

Survival e The 3YS rate was lower in the sarcopenic compared to non-

sarcopenic group in one study.
Cervical
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The 3YS rate was lower in the sarcopenic compared to non-sarcopenic
group in one study.

5 Year
Survival

Overall
The 5YS and 5Y-PFS rates were mostly lower in sarcopenic compared to
non-sarcopenic patients.

Complications
and Length of
Stay

Overall
Pre-treatment sarcopenia did not have significant effects on these
outcomes.

Change in | Overall
Sarcopenia e Loss of muscle mass and quality had negative effects on survival
over outcomes.
Treatment and | Ovarian
Effect on|e One study found loss of SMI, not SMD, was an independent
Survival prognostic factor for lower OS and PFS.
e Loss of SMA was an independent prognostic factor for lower OS in
two studies.
e One study found no association between muscle change and
outcome.
Endometrial

e SMD and SMG loss were independent prognostic factors for lower
OS and PFS in one study.

Cervical

e Muscle mass loss was an independent prognostic factor in all four
studies.

One study assessed SMD loss and found no significant association with

outcomes.

Abbreviations: OS — overall survival, Pl — psoas muscle index, PFS — progression free survival, SMA

— skeletal muscle area, SMD — skeletal muscle density (includes measures of muscle attenuation

(MA)), SMG - skeletal muscle gauge, SMI — skeletal muscle index, 5Y-PFS — 5-year progression free

survival, 5/3/1YS — 5/3/1-year survival.

Appendix 27. Mean and range cut-off points for sarcopenia using the three most frequently used
assessments in this review: SMI, SMD and PI.

Assessment | Mean (range) Mean (range) Mean (range) Mean (range)
cut-off overall cut-off in OC cut-off in EC cut-off in CC

SMI 39.03 (30.88- 38.9 (30.88 — 40.51 (38.9 — 38.6 (36.3 —

(cm?/m?) 42.4) 41.0) 42.4) 41.0)

SMD (HU) 34.12 (30.0-41.0) | 35.1 (32.0-35.5) | 34.0(30.0—37.0) | 30.7 (n/a)

Pl (cm“/m?) | 4.15(3.72-4.65) | 4.65 (n/a) 4.33 (n/a) 3.81(3.72-3.9)

Abbreviations: CC — cervical cancer, EC — endometrial cancer, n/a — not applicable (used when
there was not enough data to calculate a mean or range), OC — ovarian cancer, Pl — psoas
index, SMD - skeletal muscle density (includes measures of muscle attenuation (MA)), SMI —
skeletal muscle index.

Appendix 28. Timing of pre-treatment sarcopenia assessment used for sensitivity analysis.
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Timing Studies
“Baseline” Bronger et al. (42)
Kim et al. (47)

Staley et al. (61)
<1 month before Aust et al. (29)

treatment De Paula et al. (44)
Ganju et al. (31)
Huang et al. (30)
Huang et al. (46)
Kiyotoki et al. (48)
Kumar et al. (49)
Lee et al. (32)

Nakayama et al. (35)

Rodrigues and Chaves
(56)

Sanchez et al. (60)

<60 days before Ataseven et al. (41)

treatment Kuroki et al. (50)
Rutten et al. (57)
“Prior to treatment” — Conrad et al. (43)

no more indication o Gillen et al. (45)

Hming Lee et al. (32)
Lee et al. (52)
Matsubara et al. (53)
Matsuoka et al. (54)
Nattenmuller et al. (55)
Rutten et al. (58)

Rutten et al. (59)

Yoshikawa et al. (62)
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Appendix 29. List of the 27 excluded studies during screening of 54 studies.
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