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• Longitudinal CT-scans were assessed for body composition alterations during neoadjuvant chemotherapy (NACT).
• A decrease in skeletal muscle index during NACT was not predictive for recurrence-free survival or overall survival.
• A decrease in skeletal muscle index was associated with more pre-treatment and pre-operative reported adverse events.
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Objective. Decrease in skeletal muscle index (SMI) during neoadjuvant chemotherapy (NACT) has been asso-
ciated with worse outcome in patients with advanced ovarian cancer. To validate these findings, we tested if a
decrease in SMI was a prognostic factor for a homogenous cohort of patients who received NACT in the random-
ized phase 3 OVHIPEC-trial.

Methods. CT-scans were performed at baseline and after two cycles of neoadjuvant chemotherapy in stage III
ovarian cancer patients. The SMI (skeletal muscle area in cm2 divided by body surface area inm2) was calculated
using SliceOMatic software. The difference in SMI between both CT-scans (ΔSMI) was calculated. Cox-regression
analyses were performed to analyze the independent effect of a difference in SMI (ΔSMI) on outcome. Log-rank
testswere performed to plot recurrence-free (RFS) and overall survival (OS). Themeannumber of adverse events
per patient were compared between groups using t-tests.
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 Results. Paired CT-scans were available for 212 out of 245 patients (87%). Thirty-four of 74 patients (58%) in
the group with a decrease inΔSMI and 73 of 138 of the patients (53%) in the groupwith stable/increase inΔSMI
haddied.Median RFS andOSdidnot differ significantly (p=0.297 and p=0.764) betweengroups. Patientswith
a decrease in SMI experienced more pre-operative adverse events, and more grade 3–4 adverse events.

Conclusion.Decreased SMI during neoadjuvant chemotherapy was not associatedwith worse outcome in pa-
tients with stage III ovarian cancer included in the OVHIPEC-trial. However, a strong association between de-
creasing SMI and adverse events was found.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Epithelial ovarian cancer shows the highest mortality rate of all
gynaecologic cancers in the western world [1]. The majority of patients
is diagnosed with advanced stage disease, (FIGO ≥III) [2]. For advanced
stage patients, 10-year survival is only 10–15%, and long term survival
has not improved over the past 20 years [3]. Standard treatment con-
sists of maximum cytoreductive surgery (CRS) combined with chemo-
therapy consisting of carboplatin and paclitaxel. If complete primary
CRS is not feasible, interval CRS might be performed after three cycles
of neoadjuvant chemotherapy [4–6]. Achieving a complete
cytoreduction is the most important prognostic factor, in addition to
the ability to complete six cycles of carboplatin and paclitaxel and the
clinical condition of the patient [7,8]. The clinical condition is reflected
by multiple factors and besides subjective scores, such as the World
Health Organization (WHO) performance score, we lack an objective
measure of patient fitness. Sarcopenia might be such a measure, and
might be predictive for treatment completion and outcome in patients
with advanced stage ovarian cancer.

Sarcopenia is the loss of, or low, skeletal muscle mass [9]. The skele-
tal muscle mass of patients with cancer can be accurately quantified
using a single lumbar CT image by the so-called skeletal muscle index
(SMI) [10]. Loss of skeletal muscle mass is associated with higher rates
of chemotoxicity and impaired overall survival (OS) in ovarian cancer
patients [11–13]. In an analysis of a retrospective cohort of 123 patients
published by Rutten et al., loss of skeletalmusclemass duringNACTwas
shown to be associated with worse outcome. However, multivariate
analyses taking into account completeness of surgery, response to che-
motherapy, and toxicity were not performed [13]. Although previous
studies reported worse outcome in patients with ovarian cancer and ei-
ther a low baseline SMI or a decrease in SMI during treatment, it is un-
certainwhether SMI is an independent prognostic factor or ameasure of
extensive disease and treatment burden and poor performance [14–16].

The aim of this studywas to validate earlier results by Rutten et al. in
the most homogenous cohort of ovarian cancer patients reported to
date. We analyzed whether a decrease in SMI during NACT was associ-
ated with worse outcome in a cohort of patients with similar extent of
disease; stage III epithelial ovarian cancer, and similar performance
scores.

2. Patients and methods

2.1. Patients and treatment

For this study, CT-scans were collected from patients included in the
OVHIPEC trial [17]. This multicenter randomized phase III trial included
245 newly-diagnosed patients with stage III epithelial ovarian, fallopian
tube, or peritoneal cancer between April 2007 and April 2016. Full eligi-
bility criteria are presented elsewhere [17]. All patients received three
cycles of intravenous chemotherapy (carboplatin [area under the
curve 5–6 mg/ml per minute] and paclitaxel [175 mg/m2]) prior to in-
terval cytoreductive surgery, because of extent of disease, or because
of incomplete primary CRS (residual tumor >1 cm in diameter). Pa-
tients were eligible for inclusion in case of at least stable disease after
two cycles of NACT. Randomization was performed during interval
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cytoreductive surgery when complete or optimal (no visible, or < 1 cm
visible tumor remaining) CRS was anticipated. Patients were random-
ized to receive either interval CRS with or without HIPEC using cisplatin
100 mg/m2. In both groups disease was too extensive for primary sur-
gery, either defined by incomplete primary surgery or based on radio-
logical imaging. Ten percent of patients included in the OVHIPEC-trail
were primarily treated with incomplete primary cytoreduction before
administration of chemotherapy and complete or near-complete inter-
val cytoreduction, numbers were equally distributed between arms due
to randomization. Subgroup analysis in the OVHIPEC study showed no
difference in outcome between patients treated with initial incomplete
surgery and thosewho started with neoadjuvant chemotherapy. An ad-
ditional three cycles of adjuvant intravenous carboplatin were adminis-
tered after CRS for all patients. CT-scans were performed at diagnosis:
before start of neoadjuvant chemotherapy (NACT), after 2 cycles of
NACT, at the end of adjuvant chemotherapy, and at 6, 12, and 24months
after the last cycle of chemotherapy. Grade 1–5 toxicitywas scored from
baseline to 30 days after end of therapy, using the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events (CTCAE) version
4.0. All patients provided informed consent for participation. The trial
protocol was approved by the institutional review board of the
Netherlands Cancer Institute. The trial was registered in the interna-
tional database: ClinicalTrials.gov Identifier: NCT00426257.
2.2. Body composition analysis

To analyzewhether pre-operative sarcopenia and/or a skeletal mus-
cle depletionwere associatedwith worse outcome, CT-scans performed
at baseline (timepoint 1) and after 2 cycles of neoadjuvant chemother-
apy (timepoint 2)were selected. The axial slide at the third lumbar level
(L3), with the best representation of the bilateral transverse process
was selected from each portal venous phase CT-scan.

The axial CT-scan at the L3 levelwas used for evaluation of total skel-
etal muscle (SM). Predefined and previously validated cut-offs of −29
to+150 Hounsfield Units (HU) [18] for SMwere used to demarcate tis-
sue using SliceOmatic software (v5.0, Tomovision, Montreal, Canada).
Evaluation of the demarcations was performed by one of two observers
(JU & JB), both blinded for clinical characteristics, outcome and allocated
treatment arm. An example of how tissues were delineated with
SliceOmatic is shown in Fig. 1. The Skeletal Muscle Index (SMI) was
calculated using the surface area of SM in cm2 and the stature of the
patient (squared height) in m2. All data were coded and processed
anonymously.

Changes in SMI from timepoint 1 to timepoint 2 were expressed as a
percentage. To account for variations in time between the sequential
CT-scans, the change in SMI was calculated as a percentage of change
per 100 days. In order to do so, the change in SMI between the scan at
timepoint 1 and timepoint 2 was divided by the number of days be-
tween the scans, and subsequently multiplied by 100. This is referred
to as ΔSMI. A measurement error of 2% was adopted based on previ-
ously reported accuracy of CT for muscle and fat tissue analysis [10]. Pa-
tients with a decrease of >2% of SMI in 100 days were defined as the
SMI-loss group. The 2% cutoff was also used by Rutten et al. [13].
Other patients were defined as SMI-stable or increase [10,13].

http://ClinicalTrials.gov


Fig. 1.Abdominal axial CT scan of an ovarian cancer patient taken at the third lumbar level.
Total skeletal muscle area in red.
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Only CT-scans that were performed up to 10 weeks before start of
chemotherapy, up to interval CRS surgery were selected. Scans at
timepoint 1 had to be performed tenweeks to 1 day before start of neo-
adjuvant chemotherapy. Scans at timepoint 2 had to be performedmore
than three weeks after start of neoadjuvant chemotherapy but before
interval CRS.

2.3. Statistical analyses

Comparisons between the SMI-loss and SMI-stable/increase group
were performed with the t-test for continuous variables and the
Pearson's chi-square test for categorical variables. Pre-operative toxicity
was scored before start of chemotherapy, during NACT, or between
NACT and surgery. Toxicity was divided into CTCAE grade 1–2 or
grade 3–5 toxicity. The mean number of events per patient were pre-
sented and compared between groups using a t-test for independent
samples. The Welch t-test was used to compare the total number of
pre-operative adverse events.

Survival was compared for sarcopenic patients at timepoint 1 and
timepoint 2, and for the SMI-loss group and the SMI-stable or increase
group. Analyses of overall survival (OS) and recurrence-free survival
(RFS) were performed using Kaplan-Meier estimates and log-rank
tests. RFS was defined as the time from randomization to first-
recurrence or death, whichever occurred first, as was defined by the
GCIG criteria [19]. Univariate and multivariable cox regression analyses
was performed for analyzing the effect of the different treatment arms
on outcome, with deltaSMI and treatment arm (HIPEC or no HIPEC) as
associated variables. Subgroup analyses were performed for interval
CRS and interval CRS + HIPEC groups for OS and RFS. Statistical signifi-
cance for all comparisonswas determined at p< 0.05. All analyses were
performed with the statistical software package SPSS v.25.0 (IBM Corp,
Chicago, IL, USA).

3. Results

Paired CT-scans at baseline and after two cycles of NACTwere avail-
able for 221 out of 245 patients (90.2%) For 24 patients, CT-scans were
not provided by the participating centers. Mean time between CT-scan
1 and CT-scan 2 was 60 days (SD 15.7). Mean time between cycles of
NACT and interval CRS are presented in supplementary table S1. The
SMI and ΔSMI could not be calculated for nine patients (4.1%) because
CT-scans were of insufficient quality or incomplete. The median SMI
was 39.5 (range 27.5–57.9) at timepoint 1 and 38.1 (range 26.4–55.4)
at timepoint 2. Means with SD of the SMI at timepoint 1 and 2, and
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ΔSMI are presented in supplementary table S2. The ΔSMI could be cal-
culated for 212 patients. ThemeanΔSMIwas−5.9% (SD 11.8%), ranging
from −31.6% to 46.9%. ΔSMI was lower than −2% in 138 patients and
was stable or increased (higher than−2%) in 74 patients. Baseline char-
acteristics for all patients with SMI measurements are presented in
Tables 1 and 2. The mean BMI in the SMI stable/ increase group was
20.9 (SD 3.6), and 19.7 (SD 3.1) in the SMI decrease group (p =
0.025). Slightly more patients with a decrease in SMI were treated
with HIPEC (n = 74 (53.6%)), compared to the group with stable/in-
creased SMI (n = 29 (39.2%) p = 0.045). Median OS was 41 months
(95% confidence interval [CI] 36.1–45.9), and median RFS was
12 months (95% CI 10.6–13.4).

3.1. Toxicity and sarcopenia

Between enrollment and surgery, pre-operative toxicity was scored.
A total of 1265 eventswere registered before interval cytoreductive sur-
gery. The majority of the events was a CTCAE grade 1–2 event (1208/
1265; 95.5%) (Table 3). Within the group of patients with a decrease
in SMI, a total of 893 events (70.6%) were reported, compared to 372
(29.4%) events in the stable/increase SMI group (p=0.008). The overall
mean number of pre-operative events per patient was 6.2 (SD 3.9). The
percentage of grade 3–4 events was higher in the groupwith a decrease
in SMI (5.3%) than the percentage in the group with stable or increased
SMI (2.6%). The mean number of pre-operative events was significantly
higher: 6.7 (SD 3.9) in the group of patients whose SMI decreased ver-
sus 5.3 (SD 3.1) in the group with a stable or increased SMI (p =
0.019) (Table 3). Specific grade 3–4 toxicities are listed in supplemen-
tary table S5, and were mostly related to chemotherapy or cancer-
related adverse events such as pulmonary embolisms.

3.2. Sarcopenia and survival

After a median of 4.7 years of follow-up, 116 of 212 patients (55%)
had died and 181 of 212 patients (85%) experienced an event of
disease-recurrence or death. Survival analysis revealed that 43 of 74 pa-
tients (58%)with amore than 2% decrease in SMI versus 73 of 138 (53%)
of the patients with a stable or increased SMI had died. Median overall
survival did not differ significantly between these two groups (p =
0.764, Fig. 2). 61 of 74 (82%) patients in the ΔSMI decrease group had
disease recurrence, compared to 120 of 138 (87%) in theΔSMI stable/in-
crease group. Median recurrence-free survival was similar (p = 0.297,
Fig. 3). ΔSMI was also not associated with overall survival and
recurrence-free survival after correcting for treatment effect of HIPEC
inmultivariate analysis (supplementary tables S3 and S4, respectively).

4. Discussion

The primary goal of this study was to validate the previously pub-
lished finding that a decline in SMI during NACT in ovarian cancer pa-
tients was associated with worse OS [13]. Although a loss of skeletal
muscle mass was detected in the present cohort, inclusion criteria
allowed only for randomization of patients with prognostically favor-
able characteristics such as good response to chemotherapy or
complete- or optimal cytoreduction. This selection of patients might
have resulted in negative validation of the results as published by
Rutten et al. Nevertheless, a strong association between decreasing
SMI and adverse events was found.

Rutten et al. showed that ovarian cancer patients with a decrease in
SMI (>2%/100 days) had a significant (p=0.004) survival disadvantage
(median OS 916 ± 99 days) as opposed to patients who showed stable
or increased SMI (median OS 1431± 470 days) [13]. The patient cohort
presented by Rutten et al. is essentially different regarding a number of
aspects: 1) patients were older (mean age 60.9 [present] vs. 66.5
[Rutten et al.]), 2) had higher FIGO stage (III [present] vs. III-IV [Rutten
et al.]), 3) received more chemotherapy between CT-scans (2 [present]



Table 1
Patient and treatment characteristics.

Total cohort SMI decrease > 2% SMI stable or SMI increase P-value
N = 212 N = 138 N = 74

Age, mean years (SD) 60.9 (8.1) 60.9 (8.2) 61.0 (7.8) 0.883
FIGO, Nr. (%)
III 221 (100) 138 (100) 74 (100)

Histological type (%) 0.469
High-grade serous 191 (90.1) 125 (90.6) 66 (89.2)
Other 19 (9.0) 11 (8.0) 8 (10.8)
Unknown 2 (0.9) 2 (1.4) 0

BMI, mean kg/m2 (SD)⁎ 0.025
Baseline 20.5 (3.5) 20.9 (3.6) 19.7 (3.1)

Weight, mean kg (SD)⁎ 0.076
Baseline 68.9 (12.9) 70.1 (13.2) 66.8 (12.2)

Primary incomplete debulking, Nr. (%) 0.884
yes 18 (8.5) 12 (8.7) 6 (8.1)
no 194 (91.5) 126 (91.3) 68 (91.9)

Outcome interval CRS, Nr. (%)† 0.936
R1 146 (68.9) 95 (68.8) 51 (68.9)
R2a 40 (18.9) 26 (18.8) 14 (18.9)
R2b 22 (10.4) 14 (10.1) 8 (10.8)
Suboptimal 1 (0.5) 1 (0.7) 0
No resection 1 (0.5) 1 (0.7) 0
No surgery 2 (0.9) 1 (0.7) 1 (1.4)

Treatment with HIPEC, Nr (%) 0.045
HIPEC 103 (48.6) 74 (53.6) 29 (39.2)
No HIPEC 109 (51.4) 64 (46.4) 45 (60.8)

Six cycles of chemotherapy completed, Nr. (%) 0.895
Yes 197 (92.9) 128 (92.8) 69 (93.2)
No 15 (7.1) 10 (7.2) 5 (6.8)

Table 1 CT; computed tomography, SMI; skeletalmuscle index, N; number, FIGO; International Federation of Gynecology andObstetrics, BMI; bodymass index, CRS; cytoreductive surgery,
NA; not applicable, HIPEC; hyperthermic intraperitoneal chemotherapy, Nr; number.
⁎ based on known values.
† R1: no visible tumor, complete cytoreduction; R2a: tumor nodules ≤2.5 mm; R2b: tumor nodules >2.5 mm and ≤ 10 mm; suboptimal: tumor nodules >10 mm, incomplete

cytoreduction.
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vs. 3 cycles [Rutten et al.]), and 4) hadworse outcomeof CRS (68% [pres-
ent] vs. 45.5% [Rutten et al.] patients with complete debulking surgery).
The present study included patients under the age of 76, who were fit
for major surgery (ASA1–2 andWHO performance score 0–2), had ade-
quate organ function, and had only FIGO stage III disease [17]. In addi-
tion, only patients with a complete or partial response, or stable
disease after two cycles, were selected. However, the mean decrease
of SMI in both cohorts was quite similar (5.9%/100 days present cohort
vs. 5.2%/100 days in the Rutten et al. cohort).
Table 2
CT-scans and body composition characteristics.

Total cohort
N = 212

Nr. of days between scan 1–2, mean (SD)
60.3 (15.7)

Nr. of days between start NACT and scan 2, mean (SD)⁎
36.8 (8.0)

SMI, mean cm2/m2 (SD)
Baseline 39.5 (5.4)
After 2 cycles of NACT 38.1 (5.0)
% of change (range) −5.9% (−31.6% to 46.9%

SMRA, mean HU (SD)⁎
Baseline 36.0 (7.8)
After 2 cycles of NACT 36.6 (7.5)

OS, median months
(95% CI)

41 (36.11–45.89)

RFS, median months
(95% CI)

12 (10.63–13.37)

Table 2 SMI; skeletalmuscle index, nr; number, NACT; neoadjuvant chemotherapy, SMRA; skele
free survival, 95% CI; 95% confidence interval.
⁎ based on known values.
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During NACT, patients with a decrease in SMI had a significantly
higher number of toxicities of any grade (6.7, SD: 4.2 vs. 5.3; SD: 3.1,
p=0.008) (Table 3). This might indicate that skeletal muscle depletion
is a measure of clinical fitness which impacts the patients' ability to re-
ceive treatment and thereby affects survival, rather than being an inde-
pendent prognostic variable. Earlier findings already indicated that
increased toxicity from chemotherapy is related to lower lean body
mass, which results in reduced volume of distribution, protein binding,
metabolism, and clearance of drugs [20]. The group of patients who lost
SMI decrease > 2% SMI stable or SMI increase P-value
N = 138 N = 74

60.1 (16.0) 60.6 (15.3) 0.841

36.66 (7.5) 37.1 (9.0) 0.727

40.7 (5.3) 37.4 (4.0) <0.001
37.8 (5.0) 38.6 (5.0) 0.252

) −12.3 (−31.6% to −2.3%) 6.0% (−2.0%–46.9%) <0.001

35.7 (7.6) 36.5 (8.2) 0.464
35.6 (7.2) 38.5 (7.7) 0.007
41 (34.18–47.82) 41 (35.54–46.46) 0.764

11 (9.49–12.51) 13 (10.24–15.76) 0.297

talmuscle radiation attenuation,HU;Hounsfield units, OS; overall survival, RFS; recurrence



Table 3
Association of decrease in SMI with adverse events.

Total
cohort

SMI
decrease > 2%

SMI stable
or SMI increase

P-value

N = 203 N = 133 N = 70

Mean number of adverse events pre-operative (SD)⁎
Gr1–2 5.9 (3.7) 6.4 (3.9) 5.2 (3.1) 0.044
Gr3–4 0.3 (0.7) 0.4 (0.8) 0.1 (0.4) <0.001
Mean N of events
pre-op per pt

6.2 (3.9) 6.7 (4.2) 5.3 (3.1) 0.019

Total number of adverse events pre-operative⁎
Total Gr1–2
(range per patient)

1208 (0−22) 846 (0–22) 362 (1−13) 0.018

Total Gr3–4
(range per patient)

57 (0–4) 47 (0–4) 10 (0–2) 0.016

Total nr of events
(range per patient)

1265 (1–25) 893 (1–25) 372 (1–13) 0.008

CT; computed tomography, SMI; skeletal muscle index, SD; standard deviation, Gr; grade,
N; number.
⁎ based on known values.

Fig. 3.Kaplan-Meier survival analysis. SMI; skeletalmuscle index, plotted is an increase vs.
decrease in SMI and the association with recurrence free survival.
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skeletalmuscle during chemotherapy had a slightly higher baseline BMI
(20.9, SD 3.6) compared to the group of patients with stable/increased
muscle mass (19.7, SD 3.1). It is not clear whether this slightly higher
baseline BMI contributes to a greater decrease in skeletal muscle
mass [21].

The association between a decrease in SMI and outcome that was
previously described [13] may be attributed to the fact that relatively
frail patients were studied that did not meet the inclusion criteria for
the OVHIPEC trial, but had a poor outcome due to adverse events,
dose modifications or incomplete surgery. The strong relationship
with reported toxicities in the current study is in linewith this explana-
tion. One of the main shortcomings of the current survival analysis is
that itwas not powered for analysis of OS/RFS, or for any subgroup anal-
yses. All participants in the OVHIPEC trial were included for analysis
with the assumption that sarcopenic patients were evenly distributed
over both treatment arms.However, slightlymore patientswere treated
with HIPEC in the group with a decrease in SMI. Multivariate analyses
for treatment arm (HIPEC vs. no HIPEC) and for delta SMI were per-
formed to evaluate the independent effect of deltaSMI without the po-
tential mask by treatment with HIPEC (supplementary table S3 and
S4). Skeletal muscle mass was not an independent prognostic factor
Fig. 2. Kaplan-Meier survival analysis. SMI; skeletalmuscle index, plotted is an increase vs.
decrease in SMI and the association with overall survival.
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for recurrence-free and overall survival in multivariate analysis. Due to
its prospective nature, this cohort is the most homogeneous described
to date, and important confounders for outcome (FIGO stage, perfor-
mance score, and surgical treatment) which were present in previous
studies have been eliminated. The strict inclusion criteria in the current
study make it difficult to generalize our findings to the general ovarian
cancer patient population. Assessment of SMI was performed according
to accepted methods [10,22,23]. The effect of a decrease in SMI was
assessed independently of treatment with HIPEC in multivariate analy-
sis. Since a survival disadvantage was not detected for patients with
skeletal muscle mass loss, it is expected that optimal resection of the
tumor is of greater importance for OS than adverse body composition.
Based on previous cohorts, the association between adverse body com-
position and OS might still be of importance in older patients, or pa-
tients in whom complete resection of the tumor is not feasible. Due to
the nature of the selected cohort, however, these patients were not an-
alyzed [14,15,24,25]. Multivariate analyses which take into account im-
portant prognostic variables such as treatment response, completeness
of surgery, and toxicities could reveal if a decrease in body composition
might be an independent predictor in other cohorts.
5. Conclusion

A change in SMI during 2 cycles of NACT was not associated with
outcome within a large cohort of patients included in the OVHIPEC
trial. In the current population, with relatively good prognostic charac-
teristics, a loss of skeletal muscle mass is not an independent predictor
for survival. In this selection of patients, we observed a significant asso-
ciation of sarcopenia with reported toxicities. Whether loss of skeletal
muscle mass is related to patient performance status, toxicity or treat-
ment burden should be confirmed in future analyses.
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