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Psoas muscle index at the fifth lumbar vertebra as a
predictor of survival in epithelial ovarian cancers
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Abstract. Almost a quarter of a century has passed since the
term sarcopenia was defined. Sarcopenia is recognized as a
poor prognostic factor in a variety of cancer types. In ovarian
cancer, it remains controversial whether sarcopenia affects
prognosis and how it should be evaluated. The present study
aimed to evaluate the association between the volume of the
psoas major muscle and survival in patients with epithelial
ovarian cancer. Medical charts of patients with epithelial
ovarian cancer who received first-line chemotherapy with
paclitaxel and carboplatin at the National Defense Medical
College Hospital (Tokorozawa, Japan) between April 2010
and January 2015 were retrospectively reviewed. The bilat-
eral psoas major muscle areas at the fifth lumbar vertebra
were measured using computed tomography images. The
Institutional Review Board at National Defense Medical
College Hospital (Tokorozawa, Japan) approved the study
protocol. A total of 72 patients with epithelial ovarian cancer
who received combination therapy with paclitaxel and
carboplatin were identified and enrolled. The median psoas
muscle index (PMI; psoas muscle major cross-sectional area
divided by height squared) was 5.4 cm*/m? (range, 3.3-10.0).
Patients with higher PMI had significantly improved
overall survival (OS) compared with those with lower PMI
[log-rank test P=0.014; hazard ratio (HR), 2.61; 95% confi-
dence interval (CI), 1.21-6.06]. Multivariate analysis for OS
revealed that lower PMI was an independent unfavorable
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prognostic factor (HR, 3.87; 95% CI, 1.37-12.1; P=0.0098).
The volume of psoas major muscle mass could be a potential
biomarker for prognosis in patients with epithelial ovarian
cancer.

Introduction

In 1993, ‘sarcopenia’ was coined by Evans and Campbell (1)
from a combination of the Greek ‘sarx’ for flesh and ‘penia’ for
loss (2). The term sarcopenia, which was used for age-related
loss of skeletal muscle mass and function, has also been
adapted to refer to the severe loss of muscle mass and func-
tion associated with adverse outcomes in oncology (3.4). In
the clinical definition of cancer cachexia, sarcopenia is part
of the diagnostic criteria along with weight loss and low
Body mass index (BMI) (5). In clinical practice, ovarian
cancers are often diagnosed at advanced stages, complicated
by large tumors, massive ascites, and comorbidities, such as
deep vein thrombosis (DVT) and pulmonary embolism (PE).
As a result, many patients with ovarian cancers experience
cachexia and sarcopenia because of appetite loss and systemic
inflammation (6,7).

Several reports, in which digital axial computed tomog-
raphy (CT) was used, have suggested that sarcopenia is
associated with poor prognoses in several solid cancers,
including ovarian cancers (8,9). In those papers, sarcopenia
was assessed by the total area of the skeletal muscle mass
at the third lumbar vertebra, which was demarcated using
specialized imaging software that analyzed the number of
Hounsfield units (HU) in the CT scans (8,9). On the other
hand, Rutten e al (10) reported that the psoas muscle area
at the third lumbar vertebra was not representative of the
total skeletal muscle area for the assessment of sarcopenia in
ovarian cancer.

The purpose of this study is to evaluate the association
between the prognoses of epithelial ovarian cancer patients
and sarcopenia assessed based on the psoas major muscle area
at the fifth lumbar vertebra, which was easily detected relative
to the position of the ilium and sacrum (11).
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Materials and methods

Patients. After the institutional review board of the National
Defense Medical College approved the study protocol of the
present retrospective analyses, patients with ovarian cancers
who met the inclusion criteria were enrolled. Comprehensive
informed consent to use medical records had been obtained
from each patient at the time of primary treatment. After
IRB approval, the notice of the protocol including the use
patients' records were open to the public, without any objec-
tion or rejection. So, all the records of the patients were
used in the present study. The inclusion criteria were met
for the following: (a) Patients with pathologically confirmed
epithelial ovarian carcinoma who received primary therapy
at the National Defense Medical College Hospital between
April 2010 and January 2015, (b) patients who received
combination chemotherapy using paclitaxel (PTX) and
carboplatin (CBDCA; TC) as primary chemotherapy,
(c) patients who had been scheduled to receive at least six
cycles of combination chemotherapy using TC, (d) patients
whose CT scan images of the abdomen and pelvis prior to
chemotherapy were available, and (e) patients whose medical
information was available (11).

A total of 72 patients were identified and enrolled in the
present study. Of the patients in our previous study, excluded
from the present study were those with a component of sarcoma
or germ cell tumor (11). The median age of all patients was
62 years (range, 33-81 years), and the median follow-up dura-
tion was 49.5 months (range, 2-106 months). The number of
patients according to the International Federation of Obstetrics
and Gynecology (FIGO) classification (12) was as follows:
20 in stage I, 12 in stage II, 29 in stage III, and 11 in stage I'V.

Measurement and definitions. We used the psoas muscle
index (PMI [cm?/m?]; psoas muscle major cross-sectional
area divided by height squared), as previously described (11).
The areas of the right and left psoas major muscles at the fifth
lumbar vertebra were measured using digital axial CT images,
and these areas were calculated using the elliptical region of
interest (ROI) with the picture archiving and communication
system SYNAPSE (Fujifilm Corporation; Fig. 1).

Data collection. The other clinical variables assessed in this
study were the following: Age, Eastern Cooperative Oncology
Group (ECOG) performance status (PS) (https://ecog-acrin.
org/resources/ecog-performance-status), FIGO stage (12),
body mass index (BMI), serum albumin level, estimated creat-
inine clearance calculated using the Cockcroft-Gault equation
just before chemotherapy, presence of massive ascites, comor-
bidities of DVT and PE, and type of chemotherapy (adjuvant or
neoadjuvant chemotherapy), as previously described (11).

Treatment. In all cases, primary chemotherapy was combina-
tion therapy using the TC regimen. The TC regimen consisted
of 175 mg/m? of paclitaxel and area under the curve (AUC)=five
to six of carboplatin on day one, repeated every three to four
weeks. The relative dose intensity (RDI) was separately calcu-
lated for paclitaxel and carboplatin. We defined the standard
TC regimen for RDI as 175 mg/m? of paclitaxel and AUC=five
of carboplatin on day one every three weeks.

Statistical analysis. Statistical analyses were performed
using JMP Pro version 14 (SAS Institution Inc.). Overall
survival (OS) was defined as the interval between the initial
treatment and death. Serum tumor markers, including
CA125, were not used for the definition of disease progres-
sion. Comparisons were evaluated using the chi-square test
or the Fisher's exact probability test when appropriate. OS
curves were generated using the Kaplan-Meier method. The
comparison of the survival distributions was made using a
log-rank test. Cox's proportional hazards model was used for
univariate and multivariate analysis. Values of P<0.05 were
considered significant.

Results

Patient characteristics. A total of 72 patients with epithe-
lial ovarian carcinomas were identified. The median psoas
muscle index (PMI) was 5.39 cm?*/m? (range, 3.26-9.99).
All of the patients were divided into two groups according
to PMI value and further analyzed. The patients with lower
PMI (PMI <5.4 cm?/m?) were significantly associated with
advanced stage (P=0.013), upfront chemotherapy (P=0.0007),
histological type (Adeno, NOS; P=0.007), hypoalbuminemia
(serum albumin <3.0 g/dl; P<0.0001), and massive ascites
(P=0.002; Table I).

Survival analyses. The patients with higher PMI had
significantly improved OS compared with those with
lower PMI (log-rank test P=0.014; hazard ratio (HR), 2.61;
95% confidence interval (CI), 1.21-6.06; Fig. 2). In the
univariate analyses for OS, 11 variables reached statistical
significance (BMI, ECOG PS, FIGO stage, histological
type, initial therapy, residual disease status, PTX RDI,
CBDCA RDI, serum albumin, massive ascites, and PMI;
Table II). We investigated the multivariate analyses for
OS with two patterns. In multivariate analysis #1 for OS,
all 11 explanatory variables were induced. In multivariate
analysis #2 for OS, four factors that were not known risk
factors were excluded because of sample size, so 7 of 11
explanatory variables were induced. Lower PMI was iden-
tified as an independent unfavorable prognostic factor for
OS in both multivariate analysis #1 (HR, 3.83; 95% CI,
1.29-13.0; P=0.015) and multivariate analysis #2 (HR, 3.87;
95% CI, 1.37-12.1; P=0.0098; Table II). Additionally,
histological type was a significant independent prognostic
factor in both multivariate analyses #1 and #2. Moreover,
BMI (=25 kg/m?) and residual disease status before chemo-
therapy was a significant independent poor prognostic
factor in multivariate analysis #2 (Table II).

Discussion

In the present study, the PMI evaluated at the fifth lumbar
vertebra as an index for sarcopenia was identified as an inde-
pendent unfavorable prognostic factor in Japanese patients
who received upfront treatment for ovarian cancers. To our
knowledge, this is the first report using multivariate analyses
to demonstrate the association between the loss of psoas major
muscle mass and risk of poor outcome in ovarian cancer
patients who received TC therapy. This finding provides
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Figure 1. Representative image of an axial CT scan for the evaluation of the psoas muscle index. The areas of the right and left psoas major muscles at the fifth
lumbar vertebra were calculated using the elliptical region of interest with SYNAPSE (10). It is easy to measure the psoas major muscle areas when the fifth
lumbar vertebra, where the ilium bones are located in the lower half dorsal side in the horizontal section of CT imaging, is used as a landmark.
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Figure 2. OS curves of patients with epithelial ovarian cancer according to
PMI values. Patients with lower PMI had significantly poorer OS compared
with the cases with higher PMI (log-rank test P=0.014). Red line, cases
with PMI =5.4 cm?/m?; blue line, cases with PMI <5.4 cm?*/m?. OS, overall
survival; PMI, psoas muscle index.

evidence that we might be able to evaluate only one muscle
to determine the prognosis of epithelial ovarian cancer in
primary therapy using the TC regimen. PMI was associated
with overall survival in ovarian cancer patients, and the
significant impact of PMI on prognosis was confirmed by two
independent multivariate analyses.

Conrad et al (13) reported that pre-operative PMI at
the fourth lumbar vertebra was not associated with poor
prognosis and that PMI, in combination with hypoalbu-
minemia, was associated with unfavorable prognosis in
advanced ovarian cancer. In their paper, the mean PMI was
2.80 cm?/m?. On the other hand, in this study, the mean PMI
was 5.48 cm?/m?. We speculate that the difference in muscle
volume distribution due to the range of stages had a strong
influence on survival.

Rutten er al (10) insisted that the change in psoas muscle
area was not representative of the change in total muscle

area and should not be used as a substitute for the total skel-
etal muscle in predicting survival in patients with ovarian
cancer. In their study, the median psoas muscle area at the
third lumbar vertebra was 13.3 cm?. On the other hand, in
this study, the median psoas muscle area at the fifth lumbar
vertebra was 12.7 cm?. We speculated that our patients had
a smaller muscle mass because the fifth lumbar vertebra has
a larger muscle area than the third lumbar vertebra (Fig. 3).
In our study, the proportion of overweight and obese patients
(18.1%) was small compared to the proportion (35.7%) in
Rutten's report. As shown in our previous study, there is a
positive and moderate correlation between BMI and PMI,
which might have influenced the different results between
their study and ours (11).

The psoas area is often measured at a standard lumbar
vertebral landmark (LL3 or L4), but sometimes, unreliable soft
tissue landmarks, such as the umbilicus, have been used (14).
Previous papers mainly reported on sarcopenia assessed by
the total area of skeletal muscle mass at the third lumbar
vertebra (3,6,8-10). It is easy to measure the psoas major
muscle areas when the fifth lumbar vertebra, where the ilium
bones are located in the lower half dorsal side in the hori-
zontal section of CT imaging, is used as a landmark. When
evaluating sarcopenia using the psoas major muscle only, the
belly of the muscle is not located at the third lumbar vertebra
but actually at the fifth lumbar vertebra (Fig. 3). In this
study, we used a PMI calculated using the elliptical region
of interest that could be obtained with a simple method, as
previously described (11). We believe that easier detection
and measurement of PMI are of great importance for clinical
practice.

In a recent meta-analysis not including Asian coun-
tries, the skeletal mass index was significantly associated
with survival (15). Conversely, in a cohort study from the
United States of America, sarcopenia was not associated
with poor survival outcomes in epithelial ovarian cancer
patients receiving upfront platinum and taxane-based chemo-
therapy (16). In a report from Asia, Kim et al (17) found that
the skeletal mass index was not associated with worse survival
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Table I. Characteristics of the patients according to psoas muscle index.

Psoas muscle index

Characteristics High (n=36) Low (n=36) P-value
Age, years 0.10
Median 60 65
Range 33-78 41-81
>70,n (%) 7(19.4) 10 (27.8)
<70,n (%) 29 (80.6) 26 (72.2)
BMI, n (%) 0.06
>25 kg/m? 10 (27.8) 3(8.3)
<25 kg/m? 26 (72.2) 33 (91.7)
ECOG performance status, n (%) 0.13
0 29 (80.6) 21 (58.3)
1 6 (16.7) 11 (30.6)
2 1(2.8) 4 (11.1)
FIGO stage, n (%) 0.01
I 15 (41.7) 5(13.9)
1I 7(19.4) 5(13.9)
11T 12 (33.3) 17 (47.2)
v 2(5.6) 9(250)
Histological type, n (%) <0.01
Serous 9(25.0) 20 (55.6)
Endometrioid 6 (16.7) 5(13.9)
Clear cell 11 (30.6) 5(13.9)
Mucinous 2(5.6) 0(0.0)
Mixed 4 (11.1) 0(0.0)
Others 2(5.6) 0(0.0)
Adeno, NOS 2(5.6) 6(16.7)
Initial therapy, n (%) <0.01
PDS 28 (77.8) 13 (36.1)
Chemotherapy 8(22.2) 23 (63.9)
Residual disease at PDS, n (%) 0.89
Complete 21 (58.3) 10 (27.8)
Optimal or Suboptimal 7(19.4) 3(8.3)
Upfront chemotherapy, n (%) 0.27
NAC followed by IDS 6(16.7) 21 (58.3)
Induction chemotherapy alone 2(5.6) 2(5.6)
PTX RDI, % 0.63
Median 70.6 68.7
=70,n (%) 20 (55.6) 17 (47.2)
<70, n (%) 16 (44 .4) 19 (52.8)
CBDCARDI, % 0.63
Median 729 71.0
>70,n (%) 22 (61.1) 19 (52.8)
<70,n (%) 14 (38.9) 17 (47.2)
Serum albumin, n (%) <0.01
>3.0 g/dl 34 (94.4) 19 (52.8)
<3.0 g/dl 2(5.6) 17 (47.2)
Cer, n (%) 0.71
>60 ml/min 33 (91.7) 31 (86.1)

<60 ml/min 3(8.3) 6 (16.7)
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Psoas muscle index

Characteristics High (n=36) Low (n=36) P-value
Massive ascites, n (%) <0.01
Yes (>1,000 ml) 5(13.9) 18 (50.0)
No 31 (86.1) 18 (50.0)
PE or DVT, n (%) 048
Yes 3(8.3) 6 (16.7)
No 33 (91.7) 30 (83.3)

ECOG, Eastern Cooperative Oncology Group; FIGO, the International Federation of Gynecology and Obstetrics; PDS, primary debulking
surgery; NAC, neoadjuvant chemotherapy; IDS, interval debulking surgery; RDI, relative dose index; Ccr, estimated creatinine clearance;

PE, pulmonary embolism; DVT, deep vein thrombosis.

Figure 3. Images of coronal CT for the evaluation of the psoas muscle areas of 3 patients with ovarian cancer. When evaluating sarcopenia using only the
psoas major muscle, the belly of the muscle is not located at the third lumbar vertebra but at the fifth lumbar vertebra. The yellow line represents the level of

the fifth lumbar spine.

outcomes, but patients with a high fat-to-muscle ratio showed
significantly worse OS in advanced-stage, high-grade serous
ovarian carcinoma. Conversely, Huang ef al (18) reported
that the skeletal muscle index was independently associated
with poor OS in patients with stage III epithelial ovarian
cancer treated with primary debulking surgery and adjuvant
platinum-based chemotherapy. Although sarcopenia has been
recognized as an important prognostic factor, sarcopenia
remains controversial in terms of what its optimal index is
and what the optimal cut-off values are. Moreover, values will
differ according to the number of lumbar vertebra and the
patient's race.

In pancreatic cancer, sarcopenic obesity has been recog-
nized as a poor prognostic factor in meta-analysis (19).
In ovarian cancer, a Korean group reported that a high
fat-to-muscle ratio was related to significantly worse OS (17).
Furthermore, in the present study, being overweight (BMI
>25 kg/m?) was a poor prognostic factor, independent of sarco-
penia, for OS in multivariate analysis #2. These results are

congruent with those reported by Kim er al (17). Sarcopenic
obesity is associated with elevated markers of inflammation
such as interleikin-6 (IL-6), tumor necrosis factor (TNF) and
C-reactive protein (CRP) in postmenopausal women (20).
Inflammation that causes cachexia and sarcopenia causes
sarcopenic obesity, and obesity itself has a negative effect on
inflammation and tumor-promoting effects (21). We believe
that sarcopenic obesity potentially has a significant impact on
survival, even in ovarian cancer.

In conclusion, sarcopenia assessed using PMI values
measured at the fifth lumbar vertebra had a significant and
independent impact on OS in patients with epithelial ovarian
cancers, though further analyses including a large number
of patients are needed. Moreover, the PMI value should be
evaluated along with impacts of other drugs, such as molecu-
larly targeted drugs and immune checkpoint inhibitors. The
measurement of the psoas major muscle areas at the fifth
lumbar vertebra could be an important indicator for the
prognosis of epithelial ovarian cancers.
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Table II. Cox univariate and multivariate analyses for overall survival.

Univariate analysis

Multivariate analysis #1

Multivariate analysis #2

Variables HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Age, years 0.45
<70 1
>70 1.38 (0.57-3.03)
BMI, kg/m? 0.04 0.10 0.04
<25 1 1 1
>25 2.52 (1.03-5.58) 2.88 (0.81-10.0) 3.37 (1.05-10.5)
ECOG performance status 0.03 0.72 0.68
0 1 1 1
1,2 2.37 (1.09-4.99) 0.82 (0.27-2.43) 1.21 (0.48-3.10)
FIGO stage <0.01 0.13 0.39
ILII 1 1 1
I, IV 3.14 (1.39-7.99) 2.49 (0.76-8.11) 1.72 (0.48-3.09)
Histological type <0.01 0.04 <0.01
Adeno, NOS 7.78 (2.95-18.5) 3.20 (1.04-9.89) 5.15(1.75-14.6)
Others 1 1 1
Initial therapy <0.01 0.89 0.12
Surgery 1 1 1
Chemotherapy 3.01 (1.42-6.65) 0.89 (0.13-5.20) 0.32 (0.08-1.35)
Residual disease status <0.01 0.22 0.03
before chemotherapy
None 1 1 1
Others 5.31(2.18-15.9) 2.25 (0.60-8.87) 4.04 (1.14-14.9)
PTX RDI, % <0.01 0.10
>70 1 1
<70 497 (2.20-12.7) 4.51 (0.70-25.1)
CBDCARDI, % <0.01 091
>70 1 1
<70 3.56 (1.67-8.09) 1.09 (0.24-6.55)
Serum albumin, g/dl <0.05
>30 1 1 0.29
<3.0 2.30 (1.01-4.91) 0.45 (0.11-2.05)
Ccr, ml/min 0.65
=60 1
<60 1.29 (0.38-3.34)
Massive ascites (=1,000 ml) 0.02 0.70
No 1 1
Yes 244 (1.12-5.14) 1.37 (0.28-7.36)
PE or DVT 0.39
No 1
Yes 1.63 (0.47-4.26)
Psoas muscle index <0.01 <0.01 <0.01

High (=5.4 cm*/m?)
Low (<54 cm?/m?)

1
2.61 (1.21-6.06)

1
3.83 (1.29-13.0)

1
3.87 (1.37-12.1)

In multivariate analysis #1 for OS, all 11 explanatory variables were induced. In multivariate analysis #2 for OS, four factors that were not
known risk factors were excluded because of the sample size, so 7 of 11 explanatory variables were included. ECOG, Eastern Cooperative
Oncology Group; FIGO, the International Federation of Gynecology and Obstetrics; RDI, relative dose index; Ccr, estimated creatinine
clearance; PE, pulmonary embolism; DVT, deep vein thrombosis.
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