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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 
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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 
question. 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 1st of January 2000 
until 31st 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) 
o Overall survival 
o Progression free survival 
o 1/3/5-year survival estimates 
o Post-treatment complications 
o 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 I2 statistic (I2 >50% = moderate 
heterogeneity; I2 >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 PI (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 
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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, I2=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, I2=58%). The SMD 
subgroup showed a significant negative effect (HR:1.63, 1.26-2.10, P=0.0002, I2=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, I2=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, I2=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, I2=56%) (Figure 3). The point estimates 
were all relatively small, CI’s fairly long, and statistical heterogeneity moderate, giving less 
confidence that these results reflected the true effect. Subgroup analysis showed lower 
heterogeneity between subgroups (I2=44.5%), and all assessments had a negative effect 
apart from SMG (skeletal muscle gauge).  
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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, I2=33%) (Appendix 13). The removal of one study (55) reduced 

I2 by 20%, 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, I2=22%) (Figure 4). The I2  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 CI’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 
(I2=13.7%). The largest negative effect was from low PI (HR:1.57, 0.74-3.30, P=0.24, 
I2=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 PI 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, I2=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 
(I2=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).  
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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, I2=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, I2=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, I2=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 CI’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, I2=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 CI’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, I2=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). 
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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 PI 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, χ2 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, χ2 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 
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(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 
quality 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 
quantity 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.    



12 
 

Acknowledgements 
Eiméar would like to acknowledge her affiliation with the Division of Medicine, University 
College London, and Dr Marialena Trivella who provided invaluable support with the 
statistical analysis.  

Conflict of Interest 
No conflicts of interest.  

Author Contribution Statement 
ES led the review, was responsible for designing the review protocol, writing the protocol 
and report, conducting the search, screening eligible studies, extracting and analysing data, 
conducting meta-analysis, deriving all tables and figures.  
MP supported the research process, made critical comments that helped in the 
interpretation of results, supported in writing sections of the report, and reviewed the final 
report. 
SD provided expert clinical advice and reviewed the final report. 
KF reviewed the final report.  

Funding 
No financial assistance was received.  
 

 

References 
1. WCRF (World Cancer Research Fund) (2018) Diet, Nutrition, Physical Activity and 

Cancer: a Global Perspective. Continuous Update Project Expert Report 2018. 
2. Menon, U., Karpinskyj, C., Gentry-Maharaj, A. (2018) Ovarian Cancer Prevention 

and Screening. Obstet. Gynecol. 131, 909–927. 
https://doi.org/10.1097/AOG.0000000000002580 

3. Ledford, L.R.C. and Lockwood, S. (2019) Scope and Epidemiology of Gynecologic 
Cancers: An Overview. Semin. Oncol. Nurs. 35, 147–150. 
https://doi.org/10.1016/j.soncn.2019.03.002 

4. Billson, H.A., Holland, C., Curwell, J., Davey, V.L., Kinsey, L., Lawton, L.J., 
Whitworth, A.J., Burden, S. (2013) Perioperative nutrition interventions for women 
with ovarian cancer. Cochrane Database Syst. Rev. 2013. 
https://doi.org/10.1002/14651858.CD009884.pub2 

5. Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A., Jemal, A. (2018) 
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA: Cancer J. Clin. 68(6), 394–424. 
https://doi.org/10.3322/caac.21492 

6. Li, H., Wu, X., Cheng, X. (2016) Advances in diagnosis and treatment of metastatic 
cervical cancer. J. Gynecol. Oncol. 27(4), e43. 
https://doi.org/10.3802/jgo.2016.27.e43 

7. Davidson, B. (2018) Endometrial cancer: Pathology and genetics. 3rd ed. 
Encyclopedia of Cancer. Elsevier, 549-558. https://doi.org/10.1016/B978-0-12-
801238-3.65262-5 

8. Raglan, O., Kalliala, I., Markozannes, G., Cividini, S., Gunter, M.J., Nautiyal, J., 
Gabra, H., Paraskevaidis, E., Martin-Hirsch, P., Tsilidis, K.K., Kyrgiou, M. (2019) 
Risk factors for endometrial cancer: An umbrella review of the literature. Int. J. 
Cancer 145, 1719–1730. https://doi.org/10.1002/ijc.31961 

9. Bagaria, M., Shields, E., Bakkum-Gamez, J.N. (2017) Novel approaches to early 
detection of endometrial cancer. Curr. Opin. Obstet. Gynecol. 29, 40–46. 
https://doi.org/10.1097/GCO.0000000000000332 

10. Passarello, K., Kurian, S., Villanueva, V. (2019) Endometrial Cancer: An Overview 



13 
 

of Pathophysiology, Management, and Care. Semin. Oncol. Nurs. 35, 157–165. 
https://doi.org/10.1016/j.soncn.2019.02.002 

11. Elia, M. (2003) The ‘ MUST ’ Report: Nutritional screening of adults: a 
multidisciplinary responsibility. Reddich: BAPEN.  

12. Arends, Jann, Bachmann, P., Baracos, V., Barthelemy, N., Bertz, H., Bozzetti, F., 
Fearon, K., Hütterer, E., Isenring, E., Kaasa, S., Krznaric, Z., Laird, B., Larsson, M., 
Laviano, A., Mühlebach, S., Muscaritoli, M., Oldervoll, L., Ravasco, P., Solheim, T., 
Strasser, F., de van der Schueren, M., Preiser, J.C. (2017) ESPEN guidelines on 
nutrition in cancer patients. Clin. Nutr. 36, 11–48. 
https://doi.org/10.1016/j.clnu.2016.07.015 

13. Sadeghi, M., Keshavarz-Fathi, M., Baracos, V., Arends, J., Mahmoudi, M., Rezaei, 
N. (2018) Cancer cachexia: Diagnosis, assessment, and treatment. Crit. Rev. 
Oncol. Hematol. 127, 91–104. https://doi.org/10.1016/j.critrevonc.2018.05.006 

14. Sandri, M. (2016) Protein breakdown in cancer cachexia. Semin. Cell Dev. Biol. 54, 
11–19. https://doi.org/10.1016/j.semcdb.2015.11.002 

15. Rodrigues, C.S., Lacerda, M.S., Chaves, G.V. (2015) Patient Generated Subjective 
Global Assessment as a prognosis tool in women with gynecologic cancer. Nutrition 
31, 1372–1378. https://doi.org/10.1016/j.nut.2015.06.001 

16. Hertlein, L., Kirschenhofer, A., Fürst, S., Beer, D., Göß, C., Lenhard, M., Friese, K., 
Burges, A., Rittler, P. (2014) Malnutrition and clinical outcome in gynecologic 
patients. Eur. J. Obstet. Gynecol. Reprod. Biol. 174, 137–140. 
https://doi.org/10.1016/j.ejogrb.2013.12.028 

17. Cantrell, L.A., Saks, E., Grajales, V., Duska, L. (2015) Nutrition in Gynecologic 
Cancer. Curr. Obstet. Gynecol. Rep. 4, 265–271. https://doi.org/10.1007/s13669-
015-0130-2 

18. Laky, B., Janda, M., Bauer, J., Vavra, C., Cleghorn, G., Obermair, A. (2007) 
Malnutrition among gynaecological cancer patients. Eur. J. Clin. Nutr. 61, 642–646. 
https://doi.org/10.1038/sj.ejcn.1602540 

19. Obermair, A., Simunovic, M., Isenring, L., Janda, M. (2017) Nutrition interventions in 
patients with gynecological cancers requiring surgery. Gynecol. Oncol. 145, 192–
199. https://doi.org/10.1016/j.ygyno.2017.01.028 

20. Ryan, A.M., Power, D.G., Daly, L., Cushen, S.J., Ní Bhuachalla, E., Prado, C.M. 
(2016) Cancer-associated malnutrition, cachexia and sarcopenia: The skeleton in 
the hospital closet 40 years later. Proceedings of the Nutrition Society 75(2), 199-
211. https://doi.org/10.1017/S002966511500419X 

21. Muscaritoli, M., Lucia, S., Farcomeni, A., Lorusso, V., Saracino, V., Barone, C., 
Plastino, F., Gori, S et al. (2017) Prevalence of malnutrition in patients at first 
medical oncology visit: The PreMiO study. Oncotarget 8, 79884–79896. 
https://doi.org/10.18632/oncotarget.20168 

22. Rauh, S., Antonuzzo, A., Bossi, P., Eckert, R., Fallon, M., Fröbe, A., Gonella, S., 
Giusti, R., Lakatos, G., Santini, D., Villarini, A. (2018) Nutrition in patients with 
cancer: A new area for medical oncologists? A practising oncologist’s 
interdisciplinary position paper. ESMO Open 3, 1–4. 
https://doi.org/10.1136/esmoopen-2018-000345 

23. Szewczuk, M., Gasiorowska, E., Matysiak, K., Nowak-Markwitz, E. (2019) The role 
of artificial nutrition in gynecological cancer therapy. Ginekol. Pol. 90, 167–172. 
https://doi.org/10.5603/GP.2019.0027 

24. Baracos, V.E. (2018) Cancer-associated malnutrition. Eur. J. Clin. Nutr. 72, 1255–
1259. https://doi.org/10.1038/s41430-018-0245-4 

25. Sun, G., Li, Y., Peng, Y., Lu, D., Zhang, F., Cui, X., Zhang, Q., Li, Z. (2018) Can 
sarcopenia be a predictor of prognosis for patients with non-metastatic colorectal 
cancer? A systematic review and meta-analysis. Int. J. Colorectal Dis. 33, 1419–
1427. https://doi.org/10.1007/s00384-018-3128-1 

26. Vergara-Fernandez, O., Trejo-Avila, M., Salgado-Nesme, N. (2020) Sarcopenia in 
patients with colorectal cancer: A comprehensive review. World J. Clin. Cases 8, 



14 
 

1188–1202. https://doi.org/10.12998/wjcc.v8.i7.1188 
27. Cianci, S., Rumolo, V., Rosati, A.,  Scaletta, G.,  Alletti, S.G., Cerentini, T.M., 

Sleiman, Z., Lordelo, P., Angerame, D.,   Garganese, G.,  Uccella, S., Tarascio, M., 
Scambia, G. (2019) Sarcopenia in ovarian cancer patients, oncologic outcomes 
revealing the importance of clinical nutrition: review of literature. Curr. Pharm. Des. 
25(22), 2480-2490. https://doi.org/10.2174/1381612825666190722112808 

28. Pamoukdjian, F., Bouillet, T., Lévy, V., Soussan, M., Zelek, L., Paillaud, E. (2018) 
Prevalence and predictive value of pre-therapeutic sarcopenia in cancer patients: A 
systematic review. Clin. Nutr. 37, 1101–1113. 
https://doi.org/10.1016/j.clnu.2017.07.010 

29. Aust, S., Knogler, T., Pils, D., Obermayr, E., Reinthaller, A., Zahn, L., Radlgruber, I., 
Mayerhoefer, M.E., Grimm, C., Polterauer, S. (2015) Skeletal muscle depletion and 
markers for cancer cachexia are strong prognostic factors in epithelial ovarian 
cancer. PLoS One 10(10), 1–14. https://doi.org/10.1371/journal.pone.0140403 

30. Huang, C.Y., Sun, F.J., Lee, J. (2020a) Prognostic value of muscle measurement 
using the standardized phase of computed tomography in patients with advanced 
ovarian cancer. Nutrition 72, e110642. https://doi.org/10.1016/j.nut.2019.110642 

31. Ganju, R.G., TenNapel, M., Spoozak, L., Chen, A.M., Hoover, A. (2020) The impact 
of skeletal muscle abnormalities on tolerance to adjuvant chemotherapy and 
radiation and outcome in patients with endometrial cancer. J. Med. Imaging Radiat. 
Oncol. 64, 104–112. https://doi.org/10.1111/1754-9485.12935 

32. Lee, J., Chang, C.L., Lin, J. Bin, Wu, M.H., Sun, F.J., Jan, Y.T., Hsu, S.M., Chen, 
Y.J. (2018) Skeletal muscle loss is an imaging biomarker of outcome after definitive 
chemoradiotherapy for locally advanced cervical cancer. Clin. Cancer Res. 24, 
5028–5036. https://doi.org/10.1158/1078-0432.CCR-18-0788 

33. Cruz-Jentoft, A.J., Bahat, G., Bauer, J., Boirie, Y., Bruyère, O., Cederholm, T. et al 
(2019) Sarcopenia: Revised European consensus on definition and diagnosis. Age 
Ageing 48, 16–31. https://doi.org/10.1093/ageing/afy169 

34. Ubachs, J., Ziemons, J., Minis-Rutten, I.J.G., Kruitwagen, R.F.P.M., Kleijnen, J., 
Lambrechts, S., Olde Damink, S.W.M., Rensen, S.S., Van Gorp, T. (2019) 
Sarcopenia and ovarian cancer survival: a systematic review and meta-analysis. J. 
Cachexia Sarcopenia Muscle 10, 1165–1174. https://doi.org/10.1002/jcsm.12468 

35. Nakayama, N., Nakayama, K., Nakamura, K., Razia, S., Kyo, S. (2019) Sarcopenic 
factors may have no impact on outcomes in ovarian cancer patients. Diagnostics 9, 
1–9. https://doi.org/10.3390/diagnostics9040206 

36. Prado, C.M., Lieffers, J.R., McCargar, L.J., Reiman, T., Sawyer, M.B., Martin, L., 
Baracos, V.E. (2008) Prevalence and clinical implications of sarcopenic obesity in 
patients with solid tumours of the respiratory and gastrointestinal tracts: a 
population-based study. Lancet Oncol. 9, 629–635. https://doi.org/10.1016/S1470-
2045(08)70153-0 

37. Shachar, S.S., Williams, G.R., Muss, H.B., Nishijima, T.F. (2016) Prognostic value 
of sarcopenia in adults with solid tumours: A meta-analysis and systematic review. 
Eur. J. Cancer 57, 58–67. https://doi.org/10.1016/j.ejca.2015.12.030 

38. Riley, R.D., Moons, K.G., Snell, K.E., Ensor, J., Hooft, L., Altman, D.G., Hayden, J., 
Collins, G.S., Debray, T.P.A. (2019) A guide to systematic review and meta-
analysis of prognostic factor studies. BMJ, 364, k4597. 
https://doi.org/10.1136/bmj.k4597 

39. Deeks, J.J., Higgins, J.P., Altman, D.G. (2011) Chapter 9: Analysing data and 
undertaking meta-analyses. In: Higgins JPT and Green S (eds). Cochrane 
Handbook for Systematic Reviews of Interventions Version 5.1.0. The Cochrane 
Collaboration.  

40. Hayden, J.A., van der Windt, D.A., Cartwright, J.L., Co, P. (2013) Research and 
Reporting Methods Annals of Internal Medicine Assessing Bias in Studies of 
Prognostic Factors. Ann Intern Med 158, 280–286. https://doi.org/10.7326/0003-
4819-158-4-201302190-00009 



15 
 

41. Ataseven, B., Luengo, T.G., du Bois, A., Waltering, K.U., Traut, A., Heitz, F. et al. 
(2018) Skeletal Muscle Attenuation (Sarcopenia) Predicts Reduced Overall Survival 
in Patients with Advanced Epithelial Ovarian Cancer Undergoing Primary Debulking 
Surgery. Ann. Surg. Oncol. 25, 3372–3379. https://doi.org/10.1245/s10434-018-
6683-3 

42. Bronger, H., Hederich, P., Hapfelmeier, A., Metz, S., Noël, P.B., Kiechle, M., 
Schmalfeldt, B. (2017) Sarcopenia in Advanced Serous Ovarian Cancer. Int. J. 
Gynecol. Cancer 27, 223–232. https://doi.org/10.1097/IGC.0000000000000867 

43. Conrad, L.B., Awdeh, H., Acosta-Torres, S., Conrad, S.A., Bailey, A.A., Miller, D.S., 
Lea, J.S. (2018) Pre-operative core muscle index in combination with 
hypoalbuminemia is associated with poor prognosis in advanced ovarian cancer. J. 
Surg. Oncol. 117, 1020–1028. https://doi.org/10.1002/jso.24990 

44. De Paula, N.S., Rodrigues, C.S., Chaves, G.V. (2019) Comparison of the 
prognostic value of different skeletal muscle radiodensity parameters in endometrial 
cancer. Eur. J. Clin. Nutr. 73, 524–530. https://doi.org/10.1038/s41430-018-0163-5 

45. Gillen, J., Mills, K.A., Dvorak, J., Xheng, B., Thai, T., Salani, R. et al. (2019) 
Imaging biomarkers of adiposity and sarcopenia as potential predictors for overall 
survival among patients with endometrial cancer treated with bevacizumab. 
Gynecologic Oncology Reports 30, 100502. 
https://doi.org/10.1016/j.gore.2019.100502 

46. Huang, C.Y., Yang, Y.C., Chen, T.C., Chen, J.R., Chen, Y.J., Wu, M.H., Jan, Y.T., 
Chang, C.L., Lee, J. (2020b) Muscle loss during primary debulking surgery and 
chemotherapy predicts poor survival in advanced-stage ovarian cancer. J. Cachexia 
Sarcopenia Muscle 11, 534–546. https://doi.org/10.1002/jcsm.12524 

47. Kim, S.I., Kim, T.M., Lee, M., Kim, H.S., Chung, H.H., Cho, J.Y., Song, Y.S. (2020) 
Impact of ct-determined sarcopenia and body composition on survival outcome in 
patients with advanced-stage high-grade serous ovarian carcinoma. Cancers 
(Basel). 12, 1–17. https://doi.org/10.3390/cancers12030559 

48. Kiyotoki, T., Nakamura, K., Haraga, J., Omichi, C., Ida, N., Saijo, M., Nishida, T., 
Kusumoto, T., Masuyama, H. (2018) Sarcopenia is an important prognostic factor in 
patients with cervical cancer undergoing concurrent chemoradiotherapy. Int. J. 
Gynecol. Cancer 28, 168–175. https://doi.org/10.1097/IGC.0000000000001127 

49. Kumar, A., Moynagh, M.R., Multinu, F., Cliby, W.A., McGree, M.E., Weaver, A.L., 
Young, P.M., Bakkum-Gamez, J.N., Langstraat, C.L., Dowdy, S.C., Jatoi, A., 
Mariani, A. (2016) Muscle composition measured by CT scan is a measurable 
predictor of overall survival in advanced ovarian cancer. Gynecol. Oncol. 142, 311–
316. https://doi.org/10.1016/j.ygyno.2016.05.027 

50. Kuroki, L., Mangano, M., Allsworth, J., Menias, C., Massad, L., Powell, M., Mutch, 
D., Thaker, P. (2015) Sarcopenia: Pre-operative Assessment of Muscle Mass to 
Predict Surgical Complications and Prognosis in Patients with Endometrial Cancer. 
Ann. Surg. Oncol. 22(3), 972–979. https://doi.org/10.1245/s10434-014-4040-8 

51. Lee, J., Lin, J. Bin, Wu, M.H., Chang, C.L., Jan, Y.T., Chen, Y.J. (2020) Muscle loss 
after chemoradiotherapy as a biomarker of distant failures in locally advanced 
cervical cancer. Cancers (Basel). 12, 1–14. 
https://doi.org/10.3390/cancers12030595 

52. Lee, J., Lin, J. Bin, Wu, M.H., Jan, Y.T., Chang, C.L., Huang, C.Y., Sun, F.J., Chen, 
Y.J. (2019) Muscle radiodensity loss during cancer therapy is predictive for poor 
survival in advanced endometrial cancer. J. Cachexia Sarcopenia Muscle 10, 814–
826. https://doi.org/10.1002/jcsm.12440 

53. Matsubara, Y., Nakamura, K., Matsuoka, H., Ogawa, C., Masuyama, H. (2019) Pre-
treatment psoas major volume is a predictor of poor prognosis for patients with 
epithelial ovarian cancer. Mol. Clin. Oncol. 11, 376–382. 
https://doi.org/10.3892/mco.2019.1912 

54. Matsuoka, H., Nakamura, K., Matsubara, Y., Ida, N., Nishida, T., Ogawa, C., Katsi, 
K., Kanazawa, S., Masuyama, H. (2019) Sarcopenia is not a prognostic factor of 

https://doi.org/10.1038/s41430-018-0163-5
https://doi.org/10.3390/cancers12030559


16 
 

outcome in patients with cervical cancer undergoing concurrent chemoradiotherapy 
or radiotherapy. Anticancer Res. 39, 933–939. 
https://doi.org/10.21873/anticanres.13196 

55. Nattenmüller, J., Rom, J., Buckner, T., Arvin, J., Bau, B., Sohn, C., Kauczor, H.U., 
Schott, S. (2018) Visceral abdominal fat measured by computer tomography as a 
prognostic factor for gynecological malignancies? Oncotarget 9, 16330–16342. 
https://doi.org/10.18632/oncotarget.24667 

56. Rodrigues, C.S. and Chaves, G.V. (2018) Skeletal Muscle Quality Beyond Average 
Muscle Attenuation: A Proposal of Skeletal Muscle Phenotypes to Predict Short-
Term Survival in Patients With Endometrial Cancer. JNCCN 16(2), 153-160. 
https://doi.org/10.6004/jnccn.2017.7028 

57. Rutten, I.J.G., Ubachs, J., Kruitwagen, R.F.P.M., van Dijk, D.P.J., Beets-Tan, 
R.G.H., Massuger, L.F.A.G., Olde Damink, S.W.M., Van Gorp, T. (2017a) The 
influence of sarcopenia on survival and surgical complications in ovarian cancer 
patients undergoing primary debulking surgery. Eur. J. Surg. Oncol. 43(4), 717–
724. https://doi.org/10.1016/j.ejso.2016.12.016 

58. Rutten, I.J.G., Ubachs, J., Kruitwagen, R.F.P.M., Beets-Tan, R.G.H., Olde Damink, 
S.W.M., Van Gorp, T. (2017b) Psoas muscle area is not representative of total 
skeletal muscle area in the assessment of sarcopenia in ovarian cancer. J. 
Cachexia Sarcopenia Muscle 8(4), 630–638. https://doi.org/10.1002/jcsm.12180 

59. Rutten, I.J.G., van Dijk, D.P.J., Kruitwagen, R.F.P.M., Beets-Tan, R.G.H., Olde 
Damink, S.W.M., van Gorp, T. (2016) Loss of skeletal muscle during neoadjuvant 
chemotherapy is related to decreased survival in ovarian cancer patients. J. 
Cachexia Sarcopenia Muscle 7(4), 458–466. https://doi.org/10.1002/jcsm.12107 

60. Sanchez, M., Castro-Eguiluz, D., Luvián-Morales, J., Jiménez-Lima, R., Aguilar-
Ponce, J.L., Isla-Ortiz, D., Cetina, L. (2019) Deterioration of nutritional status of 
patients with locally advanced cervical cancer during treatment with concomitant 
chemoradiotherapy. J. Hum. Nutr. Diet. 32, 480–491. 
https://doi.org/10.1111/jhn.12649 

61. Staley, S.A., Tucker, K., Newton, M., Ertel, M., Oldan, J., Doherty, I., West, L., 
Zhang, Y., Gehrig, P.A. (2020) Sarcopenia as a predictor of survival and 
chemotoxicity in patients with epithelial ovarian cancer receiving platinum and 
taxane-based chemotherapy. Gynecol. Oncol. 156, 695–700. 
https://doi.org/10.1016/j.ygyno.2020.01.003 

62. Yoshikawa, N., Shirakawa, A., Yoshida, K., Tamauchi, S., Suzuki, S., Kikkawa, F., 
Kajiyama, H. (2020) Sarcopenia as a Predictor of Survival Among Patients With 
Organ Metastatic Cervical Cancer. Nutr. Clin. Pract. 00, 1-6. 
https://doi.org/10.1002/ncp.10482 

63. Martin L, Birdsell L, Macdonald N et al. (2013) Cancer cachexia in the age of 
obesity: skeletal muscle depletion is a powerful prognostic factor, independent of 
body mass index. J Clin Oncol;31:1539–47. 

64. Mourtzakis, M., Prado, C.M.M., Lieffers, J.R., Reiman, T., McCargar, L.J., Baracos, 
V.E. (2008) A practical and precise approach to quantification of body composition 
in cancer patients using computed tomography images acquired during routine 
care. Appl. Physiol. Nutr. Metab. 33, 997–1006. https://doi.org/10.1139/H08-075 

65. Fearon, K., Strasser, F., Anker, S.D., Bosaeus, I., Bruera, E., Fainsinger, R.L., 
Jatoi, A., Loprinzi, C., MacDonald, N., Mantovani, G., Davis, M., Muscaritoli, M., 
Ottery, F., Radbruch, L., Ravasco, P., Walsh, D., Wilcock, A., Kaasa, S., Baracos, 
V.E. (2011) Definition and classification of cancer cachexia: An international 
consensus. Lancet Oncol. 12, 489–495. https://doi.org/10.1016/S1470-
2045(10)70218-7 

66. Rinninella, E., Fagotti, A., Cintoni, M., Raoul, P., Scaletta, G., Scambia, G., 
Gasbarrini, A., Mele, M.C. (2020) Skeletal muscle mass as a prognostic indicator of 
outcomes in ovarian cancer: A systematic review and meta-analysis. Int. J. 
Gynecol. Cancer 30(5), 654–663. https://doi.org/10.1136/ijgc-2020-001215 



17 
 

67. McSharry, V., Mullee, A., McCann, L., Rogers, A.C., McKiernan, M., Brennan, D.J. 
(2020) The Impact of Sarcopenia and Low Muscle Attenuation on Overall Survival 
in Epithelial Ovarian Cancer: A Systematic Review and Meta-analysis. Ann. Surg. 
Oncol. 10, 1165–1174. https://doi.org/10.1245/s10434-020-08382-0 

68. Allanson, E.R., Peng, Y., Choi, A., Hayes, S., Janda, M., Obermair, A. (2020) A 
systematic review and meta-analysis of sarcopenia as a prognostic factor in 
gynecological malignancy. International Journal of Gynecologic Cancer. 
https://dpo.org/10.1136/ijgc-2020-001678 

69. Aleixo, G.F.P., Shachar, S.S., Nyrop, K.A., Muss, H.B., Malpica, L., Williams, G.R. 
(2020) Myosteatosis and prognosis in cancer: Systematic review and meta-
analysis. Crit. Rev. Oncol. Hematol. 145, 102839. 
https://doi.org/10.1016/j.critrevonc.2019.102839 

70. Weinberg, M.S., Shachar, S.S., Muss, H.B., Deal, A.M., Popuri, K., Yu, H., Nyrop, 
K.A., Alston, S.M., Williams, G.R. (2018) Beyond sarcopenia: Characterization and 
integration of skeletal muscle quantity and radiodensity in a curable breast cancer 
population. Breast J. 24, 278–284. https://doi.org/10.1111/tbj.12952 

71. Jones, K.I., Doleman, B., Scott, S., Lund, J.N., Williams, J.P. (2015) Simple psoas 
cross-sectional area measurement is a quick and easy method to assess 
sarcopenia and predicts major surgical complications. Color. Dis. 17, 20–26. 
https://doi.org/10.1111/codi.12805 

72. Sebro, R., O’Brien, L., Torriani, M., Bredella, M.A. (2016) Assessment of trunk 
muscle density using CT and its association with degenerative disc and facet joint 
disease of the lumbar spine. Skeletal Radiol. 45, 1221–1226. 
https://doi.org/10.1007/s00256-016-2405-8 

73. Daly, L.E., Ní Bhuachalla, É.B., Power, D.G., Cushen, S.J., James, K., Ryan, A.M. 
(2018) Loss of skeletal muscle during systemic chemotherapy is prognostic of poor 
survival in patients with foregut cancer. J. Cachexia Sarcopenia Muscle 9, 315–325. 
https://doi.org/10.1002/jcsm.12267 

74. Bozzetti, F. (2020) Chemotherapy-Induced Sarcopenia. Curr. Treat. Options Oncol. 
21. https://doi.org/10.1007/s11864-019-0691-9 

75. Hojan, K., Milecki, P., Molinska-Glura, M., Roszak, A., Leszczynski, P. (2013) Effect 
of physical activtiy on bone strength and body composition in breast cancer 
premenopausal women during endocrine therapy. Eur. J. Phys. Rehab. Med. 49(3), 
331-339.   

76. Tan, B.H.L., Birdsell, L.A., Martin, L., Baracos, V.E., Fearon, K.C.H. (2009) 
Sarcopenia in an overweight or obese patient is an adverse prognostic factor in 
pancreatic cancer. Clin. Cancer Res. 15, 6973–6979. https://doi.org/10.1158/1078-
0432.CCR-09-1525 

77. Trivella, M. (2006) Systematic Reviews of Prognostic Factor Studies (Section: 
Estimating the Hazard Ratio) [DPhil]. University of Oxford. 

78. Begg C. and Mazumdar M. (1994) Operating characteristics of a rank correlation 
test for publication bias. Biometrics 50: 1088–1101. 

79. Egger M., Smith G., Schneider M., Minder C. (1997) Bias in meta-analysis detected 
by a simple, graphical test. BMJ 315: 629–634.  

80. Fragkos K., Tsagris M., Frangos C. (2016) Exploring the distribution for the 
estimator of Rosenthal’s ‘fail-safe’ number of unpublished studies in meta-analysis. 
Commun Stat Theory Methods: in press.  

81. Sterne J., Sutton A., Ioannidis J., Terrin N., Jones D., Lau J., et al. (2011) 
Recommendations for examining and interpreting funnel plot asymmetry in meta-
analyses of randomised controlled trials. BMJ 343: d4002. 

 

https://doi.org/10.1158/1078-0432.CCR-09-1525
https://doi.org/10.1158/1078-0432.CCR-09-1525


18 
 

List of Tables  
Table. 1. Characteristics and main findings for the 27 included studies 
 
 

 



19 
 

 



20 
 

 
 



21 
 

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: CI – confidence intervals, HR – 

hazard ratio, IMAT – intramuscular adipose tissue index, OS – overall survival, PA – psoas area, PI – 
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, PI – psoas index, SMD – skeletal muscle density (includes measures of muscle 
attenuation (MA)), SMG – skeletal muscle gauge, SMI – skeletal muscle index. 
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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: CI – confidence intervals, HR – hazard ratio, OS – overall survival, PA – 
psoas area, PI – psoas index, SMA – skeletal muscle area, SMD – skeletal muscle density (includes 
measures of muscle attenuation (MA)), SMI – skeletal muscle index. 
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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: CI – 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. 
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Figure 6. Forest plot of univariable results for pre-treatment sarcopenia (using four sarcopenia 
assessments: SMI, SMD, PI, 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: CI – confidence intervals, HR – hazard ratio, PFS – 
progression free survival, PI – psoas index, SMD – skeletal muscle density (includes measures of 
muscle attenuation (MA)), SMG – skeletal muscle gauge, SMI – skeletal muscle index. 
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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, PI – psoas index, SMA – skeletal muscle area, SMI – skeletal muscle index. 
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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:  

 Ovarian treated with debulking surgery, with/without chemotherapy 

 Cervical treated with either chemoradiotherapy, radiotherapy and/or 
surgery 

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

Index 
(Prognostic) 
Factor 

Muscle measurements from CT to define sarcopenia prior to treatment 
including: 

 Skeletal muscle index/density/mass  

 Psoas muscle index/density/mass 

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

 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   Pre-treatment assessment within 2 months of treatment 

 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. 1 OR 2 OR 3  
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 
adenocarcinoma*)) 

13. 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12  
14. 4 AND 13 
15. Exp prognosis/ 
16. Survival/ 
17. Overall survival/ 
18. Exp cancer survival/ 
19. Treatment outcome 
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20. Mortality/ 
21. Survival rate/ 
22. Survival predictor/ 
23. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR Disease progression) 
24. 15 OR 16 OR 17 18 OR 19 OR 20 OR 21 OR 22 OR 23 
25. 14 AND 24 
 
Medline 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. 1 OR 2 OR 3  
5. Genital neoplasms, Female/ 
6. Exp uterine neoplasms/ 
7. Ovarian neoplasms/ 
8. Carcinoma, ovarian epithelial/ 
9. Carcinoma, endometrioid/  
10. ((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*) 
11. 5 OR 6 OR 7 OR 8 OR 9 OR 10  
12. 4 AND 11 
13. Prognosis/ 
14. Treatment outcome/ 
15. Mortality/ 
16. Survival/ 
17. Survival rate/ 
18. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR Disease progression) 
19. 13 OR 14 OR 15 16 OR 17 OR 18 
20. 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. 1 OR 2 
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. 3 AND 4 
6. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR “Disease progression”) 
7. 5 AND 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. 1 OR 2 OR 3 
5. (MH “Genital neoplasms, female”) 
6. (MH “Ovarian neoplasms”) 
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7. (MH “Carcinoma, ovarian epithelial”) 
8. (MH “Uterine neoplasms+”) 
9. (MH “Adenocarcinoma in situ, cervix”) 
10. ((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*)) 
11. 5 OR 6 OR 7 OR 8 OR 9 OR 10 
12. 4 AND 11 
13. (MH “Prognosis”) 
14. (MH “Treatment outcomes”) 
15. (MH “Survival”) 
16. (MH “Mortality”) 
17. (MH “Predictive validity”) 
18. (Prognos* OR Predict* OR Survival OR Outcome* OR Mortality OR “Disease progression”) 
19. 13 OR 14 OR 15 OR 16 OR 17 OR 18  

20. 19 AND 20 
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Appendix 3. Trivella (77) calculator for recovering survival analysis data.  
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Appendix 4. Factors adjusted for in multivariable analysis in each included study. 

Study Factors adjusted for in multivariable analysis:  

Ataseven et al. (41) NR  

Aust et al. (29) NR 

Bronger et al. (42) Age, FIGO stage, and postsurgical tumour burden. 

Conrad et al. (43) NR 

De Paula et al. (44) 

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. 

Ganju et al. (31) NR 

Gillen et al. (45) Age, stage, and residual disease. 

Huang et al. (30) Stage, residual disease after PDS, and malignant ascites. 

Huang et al. (46) FIGO stage, PDS outcome, and malignant ascites. 

Kim et al. (47) 
Age, FIGO stage, serum CA-125 levels, primary treatment 

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. 

Lee et al. (51) 

OS: histological grade and type, and cervical stromal 

involvement. 

PFS: age, histological grade and type, and cervical 

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 
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Nakayama et al. (35) N/A 

Nattenmuller et al. 

(55) 

Model 1: age, SMI, IMFA and VAT 

Model 2: BMI, age, VAT, SAT, VAT/SAT, IMA and SMI 

Rodrigues and 

Chaves, (56) 

Age, histologic type, staging, comorbidities (e.g. systemic 

arterial hypertension and diabetes mellitus), type of cancer 

treatment, and fat mass index (kg/m
2
). 

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. 

(62) 

NR  

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 Level  HU Range Software or Manual 

Ataseven et al. (41) L3 -29-150  SliceOmatic 

Aust et al. (29) L3 -29-150  SliceOmatic 

Bronger et al. (42) L3 -29-150  OsiriX  

Conrad et al. (43) L4 NR NR 

De Paula et al. (44) L3 -29-150  SliceOmatic 

Ganju et al. (31) L3 -20-150 NR 

Gillen et al. (45) L3 -30-110 NR 

Huang et al. (30) L3 -29-150 Varian Eclipse 

Huang et al. (46) L3 -29-150 Varian Eclipse 

Kim et al. (47) L3 -29-150 AsanJ-Morphometry 

Kiyotoki et al. (48) L3 -29-150 Synapse Vincent 

Kumar et al. (49) L3 -29-150 SliceOmatic 

Kuroki et al. (50) L3 NR Manual 

Lee et al. (32) L3 -29-150 Varian Eclipse 

Lee et al. (51) L3 -29-150 Varian Eclipse 

Lee et al. (52) L3 -29-150 Varian Eclipse 

Matsubara et al. (53) L3 -29-150 Synapse Vincent 

Matsuoka et al. (54) L3 -29-150 Synapse Vincent 

Nakayama et al. (35) L3 -29-150 NR 

Nattenmuller et al. 

(55) 

L3/4 -20-150 Syngo Volume Tool 

Rodrigues and 

Chaves, (56) 

L3 -29-150 SliceOmatic 

Rutten et al. (57) L3 -30-150 SliceOmatic 

Rutten et al. (58) L3 -29-150 SliceOmatic 

Rutten et al. (59) L3 -29-150 SliceOmatic 
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Abbreviations: HU – Hounsfield units, L3/4 – third/fourth lumbar, NR – not reported.  

 
  

Sanchez et al. (60) L3 -29-150 SliceOmatic 

Staley et al. (61) L3 -29-150 SliceOmatic 

Yoshikawa et al. (62) L3 NR Manual 
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Appendix 6. Sarcopenia cut-off points from each study and where they were determined from. 

Study Sarcopenia cut offs used  Cut offs determined from 

Ataseven 

et al. (41) 

SMI <38.5 cm
2
/m

2 

SMI <39.0 cm
2
/m

2
 

SMI <41.0 cm
2
/m

2 
 

SMD <32 HU 

Prado et al. (36) 

Kumar et al. (49) 

Martin et al. (63) 

Martingale residuals method 

Aust et 

al. (29) 

SMI <41.0 cm
2
/m

2
 

SMD <39.0 HU 

SMI <41 + SMD <39 

Martin et al. (63) 

Multivariable fractional polynomials 

(FP) method  

Martin et al. (63) + Multivariable FP 

method  

Bronger 

et al. (42) 

SMI <38.5 cm
2
/m

2
 Prado et al. (36) 

Conrad et 

al. (43) 

CMI <2.8 cm
2
/m

2
 Cohort mean  

De Paula 

et al. (44) 

SMI <38.9 cm
2
/m

2
 Mourtzakis et al. (64) 

Ganju et 

al. (31) 

SMI <41.0 cm
2
/m

2
 

SMD <41.0 HU + BMI <25 

SMD <33.0 HU + BMI >25 

SMD <37.0 HU 

SMI <41.0 + SMD <37.0 

Martin et al. (63) 

Martin et al. (63) 

Martin et al. (63) 

Calculated for review 

Martin et al. (63) + calculated for 

review 

Gillen et 

al. (45) 

PA <15.0 cm
2 

Cohort median 

Huang et 

al. (30) 

SMI <39.1 cm
2
/m

2
 

SMD <35.5 HU 

Lowest tertile 

Lowest tertile 

Huang et 

al. (46) 

SMI <39.2 cm
2
/m

2
 

SMD <35.5 HU 

Lowest tertile 

Lowest tertile 

Kim et al. 

(47) 

SMI <39.0 cm
2
/m

2
 Fearon et al. (65) 
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Kiyotoki 

et al. (48) 

SMA <90.29 cm
2 

PA <10.07 cm
2 

Cohort mean 

Cohort mean 

Kumar et 

al. (49) 

SMI <39.0 cm
2
/m

2
 

SMI <39.0 cm
2
/m

2 
+ BMI 

>25 

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

Tan et al. (75) 

Kuroki et 

al. (50) 

PI <4.33 cm
2
/m

2
 

PI <4.33 + BMI >30 

Cohort median 

n/a 

Lee et al. 

(32) 

SMI <41.0 cm
2
/m

2
 

SMD <41.0 HU + BMI<25 

SMD <33.0 HU + BMI>25 

SMD <37.0 HU 

Martin et al. (63) 

Martin et al. (63) 

Martin et al. (63) 

Calculated for review 

Lee et al. 

(51) 

SMI <39.3 cm
2
/m

2
 

SMD <35.1 HU 

SMG <1408.1 

Lowest tertile 

Lowest tertile  

Lowest tertile  

Lee et al. 

(52) 

SMI <36.3 cm
2
/m

2
 

SMD <30.7 HU 

Lowest tertile 

Lowest tertile 

Matsubar

a et al. (53) 

SMA <92.92 cm
2 

PA <9.96 cm
2 

PV <195.6 cm
3 

Cohort median 

Cohort median  

Cohort median 

Matsuoka 

et al. (54) 

SMI <36.55 cm
2
/m

2
 

PI <3.9 cm
2
/m

2
 

Receiver operator curve analysis 

Receiver operator curve analysis 

Nakayam

a et al. (35) 

SMI <30.88 cm
2
/m

2 

IMAC >-0.511 

Hojan et al. (75) 

Cohort median 

Nattenmu

ller et al. (55) 

SMI <41.0 cm
2
/m

2
 Martin et al. (63) 

Rodrigue

s and 

Chaves, (56) 

SMI <42.4 cm
2
/m

2
 

SMD <30.0 HU 

Cohort median  

Cohort median  

Rutten et 

al. (57) 

SMI <38.73 cm
2
/m

2
 Optimum stratification 
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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, PI – 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.  

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, PI – 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 Outcome definitions 

Ataseven 

et al. (41) 

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

follow-up or death. 

SMD <33.67 HU  

IMAT <3.51 cm
2
/m

2
 

PI <4.65 cm
2
/m

2
 

Lowest tertile 

Highest tertile 

Lowest tertile 

Rutten et 

al. (58) 

NR NR 

Rutten et 

al. (59) 

SMI <41.5 cm
2
/m

2
 Cohort median 

Sanchez 

et al. (60) 

SMI <38.5 cm
2
/m

2
 Prado et al. (36) 

Staley et 

al. (61) 

SMI <41.0 cm
2
/m

2
 Martin et al. (63) 

Yoshikaw

a et al. (62) 

PI <3.72 cm
2
/m

2
 Receiver operator curve analysis 

Assessment Mean (range) 
prevalence of 
sarcopenia 
overall (%) 

Mean (range)  
prevalence of 
sarcopenia in 
OC (%) 

Mean (range)  
prevalence of 
sarcopenia in 
EC (%) 

Mean (range)  
prevalence of 
sarcopenia in 
CC (%) 

SMI (cm
2
/m

2
) 38.0 (11.0 – 

66.0) 
38.3 (11.0-66.0) 37.5 (25.8 – 

50.0) 
33.5 (33.1 – 
34.2) 

SMD (HU) 39.3 (21.0 – 
80.0) 

30.0 (21.1-35.0) 56.8 (33.6 – 
80.0) 

33.1 (n/a) 

PI (cm
2
/m

2
) 53.7 (50.0-57.5) n/a 50.0 (n/a) 57.5 (n/a) 
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Aust et al. 

(29) 

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. 

Bronger 

et al. (42) 

Progression was stated if it was verifiably documented by imaging 

techniques.  

Conrad et 

al. (43) 

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. 

De Paula 

et al. (44) 

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. 

Ganju et 

al. (31) 

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. 

Gillen et 

al. (45) 

OS and PFS were estimated from Kaplan Meier. 

Huang et 

al. (30) 

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.  

Huang et 

al. (46) 

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. 

Kim et al. 

(47) 

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. 
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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 

Kiyotoki 

et al. (48) 

OS and PFS were estimated from Kaplan Meier. 

Kumar et 

al. (49) 

Duration of follow-up was calculated from the date of the surgery to the 

date of death or last follow-up. 

Kuroki et 

al. (50) 

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. 

Lee et al. 

(32) 

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

or last follow-up. 

Lee et al. 

(51) 

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. 

Lee et al. 

(52) 

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. 

Matsubara 

et al. (53) 

OS and PFS were estimated from Kaplan Meier. 
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Matsuoka 

et al. (54) 

NR  

Nakayama 

et al. (35) 

OS and PFS were estimated from Kaplan Meier. 

Nattenmul

ler et al. (55) 

OS and PFS were estimated from Kaplan Meier. 

Rodrigues 

and Chaves, 

(56) 

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. 

Rutten et 

al. (57) 

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.  

Rutten et 

al. (58) 

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. 

Rutten et 

al. (59) 

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. 

Sanchez 

et al. (60) 

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. 

Staley et 

al. (61) 

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

of confirmed recurrence.  

OS was defined as date of pathologic diagnosis until date of death. 

Yoshikaw

a et al. (62) 

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. 
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Appendix 10. Risk of bias summary: review authors' judgements about each risk of bias item for 

each included study. 

 

 



44 
 

Appendix 11.  Forest plot of univariable results for pre-treatment sarcopenia measured <60 days 

before treatment and overall survival in ovarian cancer patients. 

 
Abbreviations: CI – 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. 

 
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. 
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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. 

 
Abbreviations: CI – confidence interval, PFS – progression free survival, PI - psoas index, SMD – 

skeletal muscle density, SMG – skeletal muscle gauge, SMI – skeletal muscle index. 

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. 

Bronger et al. 
(42) 

HR:2.89, 1.11-7.54, P=0.031 Adjusted results indicated low SMI was an 
independent predictor of lower OS. 

Huang et al. 
(30)* 

HR:1.08, 1.03-1.12, P=0.001 Adjusted results indicated low SMI was an 
independent predictor of lower OS. 

Huang et al. 
(46)* 

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. 

Rutten et al. 
(57) 

HR:1.36, 0.97-1.92, P=0.076 Adjusted results indicated low SMI was 
not an independent predictor of lower OS. 

SMD 

Ataseven et al. 
(41) 

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. 

Huang et al. 
(30)* 

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. 
(49) 

HR:1.23, 1.05-1.43, P=0.009 Adjusted results indicated low SMD was 
an independent predictor for OS. 

PV 

Matsubara et 
al. (53) 

HR:0.98, 0.37-2.62, P=0.969 Adjusted results indicated low PV was not 
an independent predictor for lower OS. 

SMA 

Matsubara et 
al. (53) 

HR:2.11, 0.77-5.80, P=0.15 Adjusted results indicated low SMA was 
not an independent predictor for lower 
OS. 

Abbreviations: CI – 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, 

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

Abbreviations: CI – confidence intervals, HR – hazard ratio, PI – 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. 

Study  Adjusted Result Comments 

SMI 

Lee et al. 
(51) 

HR:0.63, 0.23-1.72, P=0.37 (model A) 
HR:0.67, 0.27-1.70, P=0.40 (model B) 

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

SMD 

Lee et al. 
(51)  

HR:1.18, 0.48-2.86, P=0.72 (model A) 
HR:1.33, 0.54-3.28, P=0.54 (model B) 

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

PI 

Kuroki et al. 
(50) 

HR:1.98, 0.81-4.86, P=0.13 Adjusted results indicated low PI was 
not an independent predictor of lower 
OS. 

PA 

Gillen et al. 
(45) 

HR:1.83, 0.34-1.72, P=0.09 Adjusted results indicated low PA was 
not an independent predictor of lower 
OS. 

SMG 

Lee et al. 
(51) 
 

HR:0.73, 0.29-1.79, P=0.49 Adjusted results indicated low SMG was 
not an independent predictor of lower 
OS. 

SMI+SMD 

Ganju et al. 
(31) 

HR:3.02, 1.04-8.74, P=0.04 Adjusted results indicated low SMI+SMD 
was an independent predictor of low OS. 
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Abbreviations: CI – 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: PI) and 

overall survival in cervical cancer patients.  

Abbreviations: CI – confidence intervals, HR – hazard ratio, OS – overall survival, PI – psoas index. 

Appendix 18. Forest plot of univariable results for pre-treatment sarcopenia and progression 

free survival in epithelial ovarian cancer patients. 

 
Abbreviations: CI – confidence interval, PFS – progression free survival, PA – psoas area, PI - psoas 

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

skeletal muscle index. 

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 
OS. 

Study Adjusted Result Comments 

PI 

Yoshikawa et 
al. (62) 

HR:4.55, 1.36-1.82, P=0.014 Adjusted results indicated low PI was an 
independent predictor of lower OS. 
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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. 

 
Abbreviations: CI – confidence interval, PFS – progression free survival, SMD – skeletal muscle 

density, SMI – skeletal muscle index. 

Appendix 20. Narrative reporting of multivariable analysis results from cox-proportional hazard 

regression analysis for pre-treatment sarcopenia (using three sarcopenia assessments: SMI, 

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

Abbreviations: CI – 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. 

Study  Adjusted Result Comments 

SMI 

Aust et al. 
(29) 

HR:1.31, 0.76-2.26, P=0.336 Adjusted results indicated low SMI was not 
an independent predictor of lower PFS. 

Bronger et 
al. (42) 

HR:2.52, 1.10-5.81, P=0.03 Adjusted results indicated low SMI was an 
independent predictor of lower PFS. 

Huang et al. 
(30)* 

HR:1.04, 1.01-1.08, P=0.008 Adjusted results indicated low SMI was an 
independent predictor of lower PFS. 

Huang et al. 
(46)* 

HR:1.03, 1.01-1.06, P=0.04 Adjusted results indicated low SMI was an 
independent predictor of lower PFS. 

Kim et al. 
(47) 

HR:1.29, 0.91-1.84, P=0.157 Adjusted results indicated low SMI was not 
an independent predictor of lower PFS. 

SMD 

Aust et al. 
(29) 

HR:1.22, 0.69-2.17, P=0.5 Adjusted results indicated low SMD was not 
an independent predictor of lower PFS. 

Huang et al. 
(30)* 

HR:1.02, 0.98-1.05, P=0.3 Adjusted results indicated low SMD was not 
an independent predictor of lower PFS. 

Huang et al. 
(46)* 

HR:1.04, 1.01-1.09, P=0.03 Adjusted results indicated low SMD was an 
independent predictor of lower PFS. 

PV 

Matsubara et 
al. (53) 

HR:0.82, 0.40-1.65, P=0.576 Adjusted results indicated low PV was not 
an independent predictor of lower PFS. 



50 
 

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. 
(51) 
 

HR:0.61, 0.25-1.48, P=0.28 (model A) 
HR:0.57, 0.29-1.52, P=0.33 (model B) 

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

SMD 

Lee et al. 
(51) 
 

HR:1.19, 0.54-2.64, P=0.67 (model A) 
HR:1.19, 0.54-2.65, P=0.66 (model B) 

Adjusted results indicated low SMD was 
not an independent predictor of lower 
PFS. 

PA 

Gillen et al. 
(45) 

HR:1.09, 0.53-2.27, P=0.81 Adjusted results indicated low PA was 
not an independent predictor of lower 
PFS. 

SMG 

Lee et al. 
(51) 
 

HR:0.63, 0.28-1.42, P=0.27 Adjusted results indicated low SMG was 
not an independent predictor of lower 
PFS. 

Abbreviations: CI – 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 

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

Abbreviations: CI – 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 
Type 

Sarcopenia 
Assessment 

Sarcopenic 
5YS rate % (n) 

Non-
sarcopenic 
5YS rate % (n) 

Sarcopenic 
5Y-PFS rate % 
(n) or median 
months 
(range) 

Non-
sarcopenic 
5Y-PFS rate % 
(n) or median 
months 
(range) 

Huang 
et al. 
(30)* 

OC SMI 
SMD 
SMG 

52.5 (12/50)
a 

48.9 (10/48)
b 

44.9 (10/49)
c 

64.2 (27/97)
a 

65.0 (29/99)
b 

67.9 (29/98)
c 

20.6 (4/50)
e 

22.9 (4/48)
f 

27.3 (5/49) 

40.8 (16/97)
e 

37.7 (16/99)
f 

36.3 (20/98) 

Huang 
et al. 
(46)* 

OC SMI 
SMD 

54.7 (NR) 
48.4 (NR)

d 
63.2 (NR) 
65.7 (NR)

d 
22.3 (NR)

g 

21.8 (NR) 
38.5 (NR)

g 

37.7 (NR) 

Kim et OC SMI 64.1 (55/76) 59.3 (67/103) 18.3 (15.5- 18.7 (14.2-
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al. (47) 21.1) 23.2) 

Lee et 
al. (51) 

EC SMD 76.7 (21/44) 81.3 (31/87) 70.5 (20/44) 80.7 (31/87) 

Lee et 
al. (32) 

CC SMI 
SMD 

82.6 (67/127) 
80.9 (91/154) 

83.0 (64/118) 
86.1 (40/91) 

NR NR 

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

 

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.  

Study  Sample 
size 

Cance
r site  

Duration 
between pre- 
and post-
treatment CT 
scan (days) 

Mean change in 
sarcopenia assessment 

Outcomes 
measured 

Main findings 

Bronger et al. 
(42) 

43 EOC Median = 30  -1.4% SMI per 100 days 
-1.4% SMD per 100 days 

OS Change in SMI or SMD was not associated 
with OS. 

Huang et al. 
(46) 

139 EOC Median = 182 -1.8% SMI per 180 days
 

-1.7% SMD per 180 days
 

OS, PFS, 5YS, 
5Y-PFS 

SMI change, not SMD change, was 
independently associated with OS and PFS. 

Kiyotoki et al. 
(48) 

60 CC NR 51.6% >5% loss of SMA 
53.3% >5% loss of PA 

OS, PFS PA loss >15% was an independent predictor 
of OS and PFS. 

Lee et al. 
(32)

* 
245 CC Median = 146 -0.6% SMI per 150 days 

-2.9% SMD per 105 days
 

OS, 5YS SMI loss >10% was an independent 
prognostic factor for reduced OS. 

Lee et al. (51) 131 EC NR -0.2% SMI per 210 days 
-2.1% SMD per 210 days

 

-2.2% SMG per 210 days 

OS, PFS, 5YS, 
5Y-PFS 

SMD and SMG loss were independent 
prognostic factors for poorer OS and PFS. 

Lee et al. 
(52)

* 
278 CC Median = 143 -1.0% SMI per 150 days 

-2.9% SMD per 150 days
 

3Y-DRFS SMI loss >5% was an independent 
prognostic factor for worse DRFS.  

Rutten et al. 
(59)

** 
123 OC NR -5.2% SMA per 100 days

 

+5.6% IMAT per 100 days
 

OS  Loss of SMA was an independent prognostic 
factor for lower OS. 

Rutten et al. 
(58)

** 
150 OC Median = 82.4 -5.8% SMA per 100 days 

+1.4% PA per 100 days 
OS Loss of SMA was an independent prognostic 

factor for lower OS. 

Sanchez et al. 
(60) 

55 CC Mean = 122  -5.5% SMI per 200 days
 

OS, DR SMI loss >10% had a significantly higher risk 
of tumour recurrence and a tendency 
towards reduced OS. 
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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. 

Outcome Main Findings 

Overall 
Survival 

Overall 

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

 Pre-treatment sarcopenia was not a unanimous independent 
prognostic factor for OS.  

Ovarian  

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

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

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

Endometrial 

 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 of univariate results. 

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

Cervical 

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

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

 Low PI was an independent prognostic factor in one study.  

Progression 
Free Survival 

Overall 

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

 Pre-treatment sarcopenia was not a unanimous independent 
prognostic factor for PFS. 

Ovarian  

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

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

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

Endometrial  

 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  

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

1 Year 
Survival 

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

3 Year 
Survival 

Endometrial  

 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 
Sarcopenia 
over 
Treatment and 
Effect on 
Survival 

Overall  

 Loss of muscle mass and quality had negative effects on survival 
outcomes.  

Ovarian  

 One study found loss of SMI, not SMD, was an independent 
prognostic factor for lower OS and PFS. 

 Loss of SMA was an independent prognostic factor for lower OS in 
two studies.  

 One study found no association between muscle change and 
outcome.   

Endometrial  

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

Cervical  

 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, PI – 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.  

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, PI – 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. 

 

Assessment Mean (range) 
cut-off overall  

Mean (range) 
cut-off in OC 

Mean (range) 
cut-off in EC 

Mean (range) 
cut-off in CC 

SMI 
(cm

2
/m

2
) 

39.03 (30.88-
42.4) 

38.9 (30.88 – 
41.0) 

40.51 (38.9 – 
42.4) 

38.6 (36.3 – 
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) 

PI (cm
2
/m

2
) 4.15 (3.72-4.65) 4.65 (n/a) 4.33 (n/a) 3.81 (3.72 – 3.9) 
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 Timing  Studies  

“Baseline” Bronger et al. (42) 

Kim et al. (47) 

Staley et al. (61) 

<1 month before 

treatment 

Aust et al. (29) 

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 

treatment  

Ataseven et al. (41) 

Kuroki et al. (50) 

Rutten et al. (57) 

“Prior to treatment” – 

no more indication of 

timing  

Conrad et al. (43) 

Gillen et al. (45) 

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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