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Abstract

Background Malnutrition, weight loss, and muscle wasting (sarcopenia) are common among women with advanced ovarian
cancer and have been associated with adverse clinical outcomes and survival. Our objective is to investigate overall survival
(OS) related to changes in skeletal muscle (SM) for patients with advanced ovarian cancer treated with neoadjuvant chemo-
therapy and interval debulking.

Methods Ovarian cancer patients (n = 123) treated with neoadjuvant chemotherapy and interval debulking in the area of
Maastricht (the Netherlands) between 2000 and 2014 were included retrospectively. Surface areas of SM and adipose tissue
were defined on computed tomography at the level of the third lumbar vertebra. Low SM at baseline and SM changes during
chemotherapy were compared with Kaplan Meier curves, and Cox-regression models were applied to test predictors of OS.

Results Median OS for patients who lost SM (n = 83) was 916 ± 99 days, which was significantly different from median OS for
patients who maintained or gained SM (n = 40), which was 1431 ± 470 days (P = 0.004). Loss of SM was also a significant pre-
dictor of OS in multivariable Cox-regression analysis (hazard ratio 1.773 (95%CI: 1.018–3.088), P = 0.043). Low baseline SM did
not influence survival.

Conclusions Patients with ovarian cancer have a worse survival when they lose SM during neoadjuvant chemotherapy. Eval-
uation of low SM at a specific time point is not prognostic for OS. External and prospective validation of these findings is
imperative. Nutritional, pharmacological, and/or physical intervention studies are necessary to establish whether SM impair-
ment can be prevented to prolong ovarian cancer survival.
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Introduction

Although survival rates have improved over the past decades,
ovarian cancer still has the highest mortality of the
gynaecological malignancies.1 Ovarian cancer is responsible
for 150 000 deaths worldwide annually, and 5-year survival
in Europe and the USA is 38–45%.1–3 Prognostic factors that
have been identified for women diagnosed with ovarian

cancer are age, performance status, histologic tumour type,
tumour stage (Fédération Internationale de Gynécologie et
d’Obstétrique, FIGO stage), and preoperative tumour load.4,5

However, complete resection of macroscopic tumour at
cytoreductive surgery has been found to be the most impor-
tant prognostic factor, and it is vital that surgery is always
aimed at achieving this goal.4,5 Primary debulking is the pre-
ferred treatment for patients with advanced ovarian cancer.
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When primary debulking is not possible because the patient’s
physical condition does not allow it or it is estimated that
complete tumour resection cannot be accomplished, neoad-
juvant chemotherapy followed by interval debulking provides
an alternative treatment option with comparable survival
rates.5

Cancer cachexia, a syndrome of involuntary weight loss
and muscle wasting, is common among women with ad-
vanced ovarian cancer and has also been associated with
adverse clinical outcomes and survival.6 However, weight
loss is a poor indicator of disease status in ovarian cancer
considering the fact that it is frequently not apparent be-
cause of growing volumes of ascites, oedema, or the tu-
mour itself including its metastases. In like manner, other
changes such as muscle wasting or accumulation of adipose
tissue in different compartments of the body remain indis-
cernible to the beholder when bodyweight alone is evalu-
ated. In recent years, the understanding of cancer-related
weight loss has therefore guided research to the study of
body composition features rather than bodyweight alone.
Computed tomography (CT) has been extensively studied
and applied in this field and has the advantage that scans
are often readily available for cancer patients. CT imaging
enables precise quantification of skeletal muscle (SM) mass
and different adipose depots on a single slice, which can be
used to estimate total body muscle and fat mass.7,8 Cross-
sectional analysis of tissue at the level of the third lumbar
vertebra (L3) strongly correlates with total body adipose
and muscle mass and has thus been widely adopted for
characterization of cancer patients.7,9,10 Among the com-
partments that can be distinguished on CT are SM, intra-
muscular adipose tissue (IMAT), visceral adipose tissue
(VAT), and subcutaneous adipose tissue (SAT).

Severe loss of SM mass—known as sarcopenia—is associ-
ated with poor survival in patients with various types of can-
cer.11–14 Adverse effects are also seen from redistribution of
adipose tissue from subcutaneous depots to storage sites in
SM and the abdominal cavity.11,15,16 Studies concerning body
composition and survival in patients with ovarian cancer are
scarce. In a retrospective study of advanced ovarian cancer
patients undergoing primary debulking surgery, SM and VAT
were not predictive of survival, but low combined SAT + IMAT
was associated with worse overall survival (OS).17 These re-
sults have not been confirmed by others. Changes in body
composition in patients undergoing neoadjuvant or palliative
chemotherapy have been evaluated in oesophageal, gastric,
pancreatic, and lung cancer.18–21 These studies have included
relatively small numbers of patients, which makes it difficult
to assess the validity of their findings. The impact of neoadju-
vant chemotherapy on muscle mass in ovarian cancer pa-
tients has not been investigated.

This study aims to investigate OS in patients with ovarian
cancer related to the changes in SM mass and body composi-
tion arising during neoadjuvant chemotherapy.

Methods

Eligible patients

This study has been approved by the local Medical Ethics
Committee and has been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Hel-
sinki. The Medical Ethics Committee waived the requirement
for obtaining informed consent.

A retrospective study was performed including patients
with advanced ovarian cancer (FIGO 2013 stage IIB-IV) who
were treated with neoadjuvant chemotherapy prior to inter-
val debulking in the Maastricht University Medical Centre
(Maastricht, the Netherlands) between January 2000 and
June 2014. Subjects were eligible for inclusion when the fol-
lowing criteria were met: (i) a routine abdominal CT scan
was performed before the start of neoadjuvant chemother-
apy and a second abdominal CT scan before interval
debulking (typically after 3–4 cycles of chemotherapy), (ii)
both CT scans were of sufficient quality to perform accurate
measurements of tissue area, and (iii) sufficient relevant clin-
ical data could be retrieved from the patient’s file. OS was
computed from the date of the initial CT scan up to the date
of death from any cause. The CT date was chosen instead of
the date of diagnosis because this date could not be retrieved
for all patients. For patients who were still alive at the time of
analysis, a fixed date was set for data collection, and all pa-
tients were censored at this date, which was at least
6months after the last included subject was diagnosed.

The following clinical characteristics were recorded: age, FIGO
stage, length, weight, weight loss preceding diagnosis, number
of chemotherapy cycles, days between CT scans, percentage
weight loss during chemotherapy, and surgical outcome. Age
was evaluated at the time of the initial CT scan and categorized
into <60 years, 61–70years and >70 years. Reported weight
and length were used to calculate body mass index (BMI) in
kg/m2. Patients were assigned to BMI categories established
by the World Health Organization: BMI <18.5=underweight,
BMI 18.5–24.9=normal weight, BMI 25–29.9 =overweight and
BMI >30=obese.22 The outcome of interval debulking was cat-
egorized into complete (no visible evidence of macroscopic re-
sidual disease), optimal (macroscopic residual disease< 1 cm),
or incomplete (macroscopic residual disease> 1 cm).

Body composition measurements

For each CT scan, a single axial slice at the level of L3was selected.
Image analysis software, SliceOmatic v5.0 (Tomovision, Montreal,
QC, Canada), was used to demarcate SM, IMAT, VAT, and SAT ac-
cording to predefined validated boundaries based on the number
of Hounsfield Units (HU). An example of how tissues were mea-
sured with SliceOmatic software is shown in Figure 1. The follow-
ing thresholds were applied: �29 to +150 HU for SM, �190 to
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�30 HU for IMAT and SAT, and�150 to�50 HU for VAT. A single
assessor whowas trained in the anatomy of the specific tissues of
interest evaluated all scans subsequently, and the surface areas in
square centimeter were quantified automatically based on the
demarcations. The assessor was not aware of the outcome of
the patients. Total adipose tissue (TAT) was computed by sum-
mating IMAT, VAT, and SAT. The surface area of SM was normal-
ised for stature to compute the SM index (SMI) in cm2/m2. The
median SMI at baseline from our own population was used to
divide patients in a low muscle mass group (SMI below median)
and a high muscle mass group (SMI equal to or above median).

Changes in surface area between CT scans were expressed as
a percentage. This percentage change was divided by the num-
ber of days between scans and multiplied by 100days to
provide a standard measure for all patients (percent change
per 100days). A measurement error of 2% was adopted based
on previously reported accuracy of CT for muscle and fat tissue
analysis.7 Changes between �2% and +2% were thus
considered ‘maintenance of tissue’. Finally, changes were
dichotomised into loss of tissue (>2% decrease per 100days)
andmaintenance/gain of tissue (any increase or ≤2% decrease).
For practical reasons, the term ‘gain of tissue’ will hereafter be
used to describe both maintenance and gain of tissue.

Statistical analysis

The mean changes in muscle and adipose tissue were analyzed
with paired t-tests, and the mean percentage change per
100days was calculated for SM, IMAT, VAT, SAT, and TAT.
Survival curves were computed using Kaplan–Meier estimates
with log-rank tests. ‘Low baseline SMI’was compared with ‘high
baseline SMI’, and ‘loss of SM’was compared with ‘gain of SM’.
Baseline characteristics were analyzed with independent t-tests
for continuous variables and chi-squared or Fisher’s exact tests
for categorical variables. Statistical significance for all compa-
rative tests was determined at P< 0.05.

Univariable and multivariable proportional hazards Cox-
regression models were applied to test predictors of OS and
calculate individual hazard ratio’s (HR) with 95% confidence in-
tervals (95%CI). Clinical variables and body composition
parameters were initially tested as effect modifiers in a
univariable model at a significance level of 10%. All significant
variables were then tested together in a multivariable model
in which a significance level of 5% was applied. The continuous
variables that were tested were age, BMI (pre-chemotherapy
and post-chemotherapy), weight loss during chemotherapy,
weight loss preceding diagnosis, and number of cycles of

Figure 1 Body composition analysis with SliceOmatic®.

Example of CT scans pre-chemotherapy (a,c) and post-chemotherapy (b,d) in a 46–year old patientwith FIGO stage IV ovarian cancer. Increases in
SM, IMAT, VAT and SATweremeasured with SliceOmatic v5.0 (Tomovision,Montreal, QC, Canada). NB: the increase in VAT is accompanied by a
reduction of ascites; A*, ascites; L3, third lumbar vertebra; SM, skeletal muscle (red); IMAT, intramuscular adipose tissue (green); VAT, visceral

adipose tissue (yellow); SAT, subcutaneous adipose tissue (teal).
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chemotherapy. Age and BMI were also assessed categorically.
The categorical variables of main interest were changes in
SM, IMAT, VAT, SAT, and TAT during chemotherapy in which
loss of tissue was compared with gain of tissue. The remaining
categorical variables tested were low SMI at baseline and after
chemotherapy (yes or no), FIGO stage IV (in comparison with
FIGO stages II and III combined), presence of ascites (yes or
no), and complete interval debulking (in comparison with
optimal and incomplete interval debulking). All subjects were
analyzed and missing data were indicated separately when
applicable. All analyses were performed with the statistical
software package SPSS v20.0 (IBM Corp, Chicago, IL, USA).

Results

We identified 566 patients that were treated for ovarian can-
cer in the Maastricht University Medical Centre between
January 2000 and June 2014 (Figure 2). After exclusion of
436 patients (patients with non-advanced disease, patients
without CT examinations, patients who only underwent pri-
mary debulking, and/or patients without sufficient clinical
data), 130 patients were evaluated with CT measurements.
Another seven patients were excluded either because of
missing CT scans pre-chemotherapy or post-chemotherapy
or because of insufficient quality of the scans. Final analysis
was conducted on 123 patients with 246 CT scans. Baseline
characteristics for the included subjects are presented in
Table 1. At the time of censoring, 52 out of 123 patients (42%)
were still alive. Follow-up for this group was at least 6months
and ranged from 231 to 3850days with a median of 681days.

Body composition at baseline

Mean body composition measurements at baseline are
shown in Table 2. Median SMI at baseline was 41.5 cm2/m2,

which was used as cut-off to define high and low baseline
SMI in the study population.

Subjects with high versus low baseline SMI did not show
significant differences in OS with a P-value of 0.613 in
Kaplan–Meier analysis (Figure 3).

Body composition changes during neoadjuvant
chemotherapy

Median body composition changes after neoadjuvant chemo-
therapy are shown in Table 2. Treatment with neoadjuvant
chemotherapy resulted in significant decreases in median
SM, VAT, SAT, and TAT as well as a significant increase in
IMAT. Median decrease in SM for this period was 5.2% per
100 days.

Subjects who were able to maintain or gain SM during che-
motherapy had an increased OS in Kaplan–Meier analysis in
comparison with patients who lost SM (P = 0.004, Figure 4).
This difference in survival was most prominent from 2 years
after start of therapy onwards. To assess other differences
between patients with gain or loss of muscle mass, baseline
characteristics were presented separately for these groups
in Table 1. Besides a significant difference in OS as already
noted in Kaplan–Meier analysis, only two other variables
showed differences between both groups. Mean SMI at base-
line was significantly lower in the group of patients who
could increase SM, and low baseline SMI was present in
70% of these patients compared with 41% of patients who
experienced muscle loss during chemotherapy (P = 0.003).
Furthermore, patients who lost SM during chemotherapy
also lost more weight in general between scans (4.8% weight
loss versus 1.4% weight loss, P = 0.043).

Finally, we tested whether our variable of interest—change
in SM—held significance in a Cox-regression model under in-
fluence of other potential predictors of OS. Only four vari-
ables were significant at the level of 10% in the univariable

Figure 2 Flow diagram.
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model and were included in the multivariable model: (i) age
>70 years, (ii) complete interval debulking, (iii) loss of SM,
and (iv) loss of VAT (Table 3). Age >70 years did not retain
significance in the multivariable model. Completeness of

interval debulking had a positive outcome on OS with a HR
of 0.49 (P = 0.005). Loss of SM and loss of VAT were also sig-
nificant in the multivariable model and influenced OS nega-
tively with HR’s of 1.77 and 1.83, respectively.

Table 2 Body composition changes during neoadjuvant chemotherapy

Baseline L3 area in
cm2 (median± SD)

Change in L3 area in
cm2 (median± SD)

Rate of change in L3 area in
%/100 days (median± SD)

SM 109.1±14.2 �4.5±8.3* �5.2± 9.8
IMAT 14.2± 10.1 +0.7±3.8** +5.6±34.7
VAT 66.2± 58.5 �0.6±21.1** �0.8±56.3
SAT 181.5±87.4 �11.2±39.0* �6.1±36.4
TAT 266.0± 140.0 �10.9±51.3* �4.5±34.1

SD, standard deviation; SM, skeletal muscle; IMAT, intramuscular adipose tissue; VAT, visceral adipose tissue; SAT, subcutaneous adipose
tissue; TAT, total adipose tissue.
*/**indicate significant changes in L3 area measurements between scan 1 and 2 (*P< 0.001, **P< 0.05 using Paired-Samples t-test).

Table 1 Baseline characteristics

All patients (n=123) SM loss (n=83) SM gain (n=40)

Age in years mean± SE (range) 66.5± 0.8 (39–86) 67.6±1.0 (48–86) 64.2±1.6 (39–82)
<60 years n (%) 33 (26.8) 18 (21.7) 15 (37.5)
61–70 years n (%) 46 (37.4) 31 (37.3) 15 (37.5)
>70 years n (%) 44 (35.8) 34 (41.0) 10 (25.0)

FIGO stage
II n (%) 2 (1.6) 2 (2.4) 0 (0.0)
III n (%) 79 (64.2) 53 (63.9) 26 (65.0)
IV n (%) 42 (34.1) 28 (33.7) 14 (35.0)

BMI in kg/m2 PRE chemotherapy mean± SE 25.9±0.5 26.6±0.5 24.5±0.9
Underweight (BMI< 18.5) n (%) 2 (1.6) 1 (1.2) 1 (2.5)
Normal weight (BMI 18.5-24.9) n (%) 31 (25.2) 17 (20.5) 14 (35.0)
Overweight (BMI 25.0-29.9) n (%) 34 (27.6) 25 (30.1) 9 (22.5)
Obese (BMI> 30.0) n (%) 10 (8.1) 8 (9.6) 2 (5.0)
Missing values n (%) 46 (37.4) 32 (38.6) 14 (35.0)

BMI in kg/m2 post-chemotherapy mean± SE 25.0±0.3 25.5±0.4 24.1± 0.6
Underweight (BMI< 18.5) n (%) 1 (0.8) 0 (0.0) 1 (2.5)
Normal weight (BMI 18.5-24.9) n (%) 61 (49.6) 39 (47.0) 22 (55.0)
Overweight (BMI 25.0-29.9) n (%) 43 (35.0) 31 (37.3) 12 (30.0)
Obese (BMI> 30.0) n (%) 10 (8.1) 8 (9.6) 2 (5.0)
Missing values n (%) 8 (6.5) 5 (6.0) 3 (7.5)

Weight loss preceding diagnosis in kg1 mean± SE �3.7± 0.6 �3.7±0.8 �3.7±1.0
SMI at baseline in cm2/m2 mean± SE 41.7± 0.5 42.8±0.63 39.3±0.93

Low baseline SMI (SMI< 41.5) n (%) 62 (50.4) 34 (41.0)3 28 (70.0)3

SMI after chemotherapy in cm2/m2 mean± SE 39.8±0.5 39.3±0.5 40.7± 0.9
Low SMI after chemotherapy (SMI< 41.5) n (%) 80 (65.0) 56 (67.5) 24 (60.0)

Cycles of neoadjuvant chemotherapy mean± SE 3.43±0.1 3.5±0.1 3.4±0.1
3 n (%) 87 (70.7) 58 (69.9) 29 (72.5)
4 n (%) 27 (22.0) 19 (22.9) 8 (20)
>5 n (%) 9 (7.3) 6 (7.2) 3 (7.5)

Days between CT scans mean± SE 84±1.77 84± 2.2 84± 3.0
Percentage weight loss during chemotherapy2 mean %±SE �3.6± 0.8 �4.8±1.03 �1.4±1.13

Outcome interval debulking
Complete n (%) 56 (45.5) 34 (41.0) 22 (55.0)
Optimal n (%) 42 (34.1) 31 (37.3) 11 (27.5)
Incomplete n (%) 25 (20.3) 18 (21.7) 7 (17.5)

Presence of ascites n (%) 67 (54.5) 43 (51.8) 24 (60.0)
OS in days median± SD 986± 111 916±993 1431±4703

SE, standard error of the mean; SM, skeletal muscle; BMI, body mass index; SMI, skeletal muscle index; CT, computed tomography; OS,
overall survival.
1Missing values: 58/123 missing
2Missing values: 53/123 missing.
3Significant differences between SM loss and SM gain (P< 0.05, independent-samples t-test or chi-squared test).
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Discussion

Key findings

Our goal was to investigate whether changes in SM mass oc-
cur in ovarian cancer patients undergoing neoadjuvant che-
motherapy and if so, whether these changes have an

impact on survival. We found that women who maintained
or gained SM during neoadjuvant treatment had a better
prognosis than women who lost SM.

Loss of SM during chemotherapy and a shorter OS are
closely related according to our findings, but the direct causal-
ity of this relationship is unclear. Loss of SM is one of the hall-
marks of cancer cachexia. The increased amount of weight loss
in the muscle loss group suggests that these patients suffered
from a higher degree of cachexia. The metabolic and inflam-
matory changes associated with cachexia together with the
decreased muscle nitrogen reserves could explain the poor
prognosis in this group.23 Inactive and malnourished patients
will experience more muscle wasting and are more prone to
have complications when undergoing surgery.24,25 Reasons
why patients are unable to maintain a healthy diet or physical
activity are diverse. Patients with a good responding tumour
might feel better compared with patients with bulky, poor-
responding tumours. Perioperative malnutrition has also been
associated with higher rates of suboptimal debulking surgery
and thus a shorter survival in a study of older women diag-
nosed with ovarian cancer.26 In addition, muscle loss by itself
is associated with poor physical function, increased chemo-
therapy toxicity, and longer recovery after surgery.27–29 Finally,
the presence of comorbidities and old age could also be detri-
mental. However, age did not reach statistical significance in
our multivariable Cox-regression survival model.

Interestingly, decrease in SM over time was an important
prognostic factor for OS, while low SM at a specific time point
was not. We measured the SMI at baseline and after chemo-
therapy, but OS was not different for patients with low SMI
versus high SMI. Moreover, when we compared patients
who gained SM and lost SM, we found that patients with a
gain of SM had a lower mean SMI at baseline. Many studies
on sarcopenia only measure baseline/single time point SM,
which sometimes has an effect on but often does not influ-
ence survival.17,21,30,31 In our opinion, measuring SM loss
over time is absolutely necessary to adequately identify
sarcopenic patients, because important limitations of base-
line measurements are that they cannot measure SM loss
and are greatly influenced by interpersonal variation of
muscle mass and other variables such as obesity and ethnic-
ity. The poor prognostic value of ‘low baseline SMI’ was
clearly shown in our data, where low muscle index at base-
line could not predict survival, and in fact, many patients with
low baseline SMI gained muscle mass during chemotherapy
and were classified as high baseline SMI after neoadjuvant
treatment.

Our results have also shown an association between loss of
VAT and a shorter OS. This was also confirmed in other stud-
ies.20,32We approach this finding with caution because we have
noticed that VAT was not always easily identified and measured
in subjects where ascites was present before treatment, as was
the case in 55% of patients. Therefore an increase in VAT could
represent an increased measurement of VAT because of

Figure 3 Survival proportions: baseline skeletal muscle index.

Kaplan–Meier curve comparing overall survival between high baseline
SMI and lowbaseline SMI; P-value=0.613; SMI, skeletalmuscle index.

Figure 4 Survival proportions: changes in skeletal muscle.

Kaplan Meier curve comparing overall survival between loss of skel-
etal muscle (>2% decrease per 100 days) and maintenance or gain
of skeletal muscle (any increase or ≤ 2% decrease per 100 days); P-
value= 0.004; SM, skeletal muscle.
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diminished ascites after chemotherapy treatment rather than
an actual increase in VAT because of other causes. Survival gain
associated with an increase of VAT could thus reflect the group
of patients with a good response to chemotherapy. However,
this hypothesis cannot be confirmed in our data because
patients with ascites were divided equally among the women
who gained VAT and the women who lost VAT during
chemotherapy.

Other authors in the field have found mixed results regard-
ing the relationship between muscle and adipose tissue
changes and survival. Our findings are concordant with the
outcome of a study in non-small cell lung cancer patients;
Stene et al. found a longer OS for patients who maintained
or gained SM in comparison with patients who lost SM, and
survival was irrespective of the presence of sarcopenia at
baseline.21 In general, a mean decrease in SM is seen during
chemotherapy for patients with lung cancer, pancreatic can-
cer, and oesophagogastric cancer, similar to our findings in
ovarian cancer.18–21,32,33 However, this decrease in SM did
not alter OS rates in oesophagogastric cancer.18,19 In pancre-
atic cancer, a decline in SM and VAT was recorded during
neoadjuvant chemotherapy, but only loss of VAT was associ-
ated with a shorter OS.20,32

Known prognostic factors such as age, BMI, tumour stage,
or weight loss may attribute to prognosis, but we were not
able to find a significant relationship for these variables with
OS. As reported by Prado et al., obesity is not protective

against muscle loss, on the contrary; sarcopenic obesity was
associated with poorer functional status and was an indepen-
dent predictor of survival.31 Therefore, an evaluation of
bodyweight instead of body composition can be misleading
when a patient is assessed.

Limitations

Because of the retrospective nature of this study, it was not
always possible to retrieve all variables and possible con-
founders of interest in all patients. Body weight—and BMI
—both before the start of treatment as well as during chemo-
therapy were not retrievable for all subjects. It would also
have been interesting to incorporate World Health Organiza-
tion performance status and tumour marker CA125 into the
analyses, but due to too many missing data, this was not
possible.

A second important shortcoming of this study is selection
bias. Instead of studying all patients with ovarian cancer,
we only selected the patients with advanced disease who
were assigned to neoadjuvant chemotherapy and interval
debulking. These patients often have large bulky tumours,
more advanced locoregional and distal tumour spread,
and/or a worse performance status, which prevents them
from undergoing primary surgical treatment. For this study,
we intentionally made the decision to use this particular

Table 3 Univariable and multivariable Cox-regression analyses

Univariable analysis Multivariable analysis

Variables HR (95% CI) P-value HR (95% CI) P-value

Age at diagnosis 1.020 (0.993–1.048) 0.144
Age at diagnosis <60 years 0.913 (0.547–1.523) 0.726
Age at diagnosis >70 years 1.616 (0.999–2.616) 0.0515 1.274 (0.780–2.080) 0.333
BMI pre-chemotherapy1 1.027 (0.963–1.096) 0.413
BMI post-chemotherapy2 0.998 (0.931–1.070) 0.950
Obesity pre-chemotherapy (BMI> 30)1 1.099 (0.431–2.802) 0.843
Obesity post-chemotherapy (BMI> 30)2 0.893 (0.323–2.468) 0.828
Percentage weight loss between scans3 0.968 (0.924–1.015) 0.180
Weight loss preceding diagnosis4 1.005 (0.934–1.080) 0.903
FIGO stage IV 1.480 (0.918–2.387) 0.108
Cycles of chemotherapy 1.031 (0.798–1.332) 0.814
Complete interval debulking 0.452 (0.277–0.737) 0.0016 0.488 (0.296–0.806) 0.0056

Loss of SM during chemotherapy 2.218 (1.280–3.844) 0.0056 1.773 (1.018–3.088) 0.0436

Loss of IMAT during chemotherapy 1.346 (0.837–2.166) 0.220
Loss of VAT during chemotherapy 1.854 (1.158–2.970) 0.0106 1.828 (1.131–2.952) 0.0146

Loss of SAT during chemotherapy 0.890 (0.553–1.432) 0.630
Loss of TAT during chemotherapy 1.411 (0.878–2.268) 0.155
Low baseline SMI 0.887 (0.556–1.414) 0.613
Low SMI after chemotherapy 1.054 (0.649–1.710) 0.832
Presence of ascites at baseline 1.111 (0.689–1.794) 0.665

HR, hazard ratio; CI, confidence interval; BMI, body mass index; SM, skeletal muscle; IMAT, intramuscular adipose tissue; VAT, visceral ad-
ipose tissue; SAT, subcutaneous adipose tissue; TAT, total adipose tissue.
1Missing data for 46 patients, analysis was carried out with available data from 77 patients.
2Missing data for 8 patients, analysis was carried out with available data from 115 patients.
3Missing data for 53 patients, analysis was carried out with available data from 70 patients.
4Missing data for 58 patients, analysis was carried out with available data from 65 patients.
5P-value< 0.1
6P-value< 0.05.
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group because it gave us the opportunity to compare muscle
loss over the course of time due to the availability of multiple
CT scans. Patients who are treated with primary debulking
only receive one CT scan before treatment and are not
followed-up with CT during adjuvant chemotherapy unless a
suspicion of recurrence arises. Whether our results can be
reproduced in ovarian cancer patients who receive primary
cytoreductive surgery without neoadjuvant chemotherapy
will be a topic of future research.

Furthermore, our study took place in a specialized onco-
logic centre in the south of the Netherlands. Survival rates
could vary between specialized and non-specialized centres
but also countries or health care systems across the world.
Therefore, we believe it is important that body composition
measurement studies for gynaecological malignancies should
be validated in other populations.

Unlike many other published manuscripts, we decided to
use our own cut-off value to define sarcopenia in our popula-
tion. Other authors refer to the study of Prado et al. in which
a value of 38.5 for SMI is used to define sarcopenic patients,
but this cut-off value is based on obese patients with respira-
tory and gastrointestinal tumours, and we did not find this
cut-off representative for the present study population.31

The use of a different and lower cut-off value (e.g. 38.5)
would have resulted in a higher number of sarcopenic pa-
tients; we tested whether this significantly changed any of
the outcomes but found that this was not the case in both
the Kaplan–Meier and Cox-regression analyses (data not
shown). Instead, we decided to set our own cut-offs, which
is a more unbiased approach.

Conclusion and implications for practice and research

In this manuscript, we have provided evidence that loss of
SM and loss of VAT during neoadjuvant chemotherapy is det-
rimental to OS for ovarian cancer patients. Evaluation of SM
at a specific time point does not help in predicting survival,
which is why we propose a measurement over time to
adequately identify sarcopenic patients. External and pro-
spective validation of these findings in other cohorts from
(inter)national centres is imperative. However, even more
important are prospective randomized controlled trials inves-
tigating whether nutritional, pharmacological and/or physical
interventions to maintain or even increase SM and adipose
tissue can improve OS in ovarian cancer patients. Nutritional
intervention schemes have been developed for ovarian can-
cer patients and cancer patients in general, largely based on
expert opinions and often lacking clinical evidence.34,35
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