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Prognostic significance of sarcopenia as determined
by bioelectrical impedance analysis in patients with
advanced pancreatic cancer receiving gemcitabine
plus nab-paclitaxel: A retrospective study
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Abstract. Sarcopenia often affects patients with various types
of cancer, and has been reported to affect patient prognosis
and therapeutic effects. However, to the best of our knowledge,
there are no reports on the relationship between gemcitabine
plus nab-paclitaxel combination therapy (GnP) and sarcopenia
in patients with unresectable pancreatic cancer. The present
study analyzed the relationship between overall survival (OS),
progression-free survival (PES), response rate, disease control
rate, adverse events (AEs) and sarcopenia in patients with
pancreatic cancer treated with GnP. A total of 121 consecu-
tive patients with advanced pancreatic cancer who received
GnP as first-line chemotherapy between January 2015 and
December 2017 were retrospectively analyzed. GnP consisted
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of 1,000 mg/m? gemcitabine and 125 mg/m? nab-paclitaxel,
which were administered on days 1, 8 and 15 every 4 weeks.
The skeletal muscle index (SMI) was calculated using
bioimpedance analysis (BIA) as an index of sarcopenia prior
to GnP. The patients were divided into sarcopenia (n=41) and
non-sarcopenia (n=80) groups using cutoff values of 8.87 and
6.42 kg/m? for male and female patients, respectively. The
sarcopenia and non-sarcopenia groups had a median OS of 8.1
and 13.9 months, respectively [hazard ratio (HR) 0.79; 95%
confidence interval (CI) 0.53-1.20], and a median PFS of 4.3
and 6.3 months, respectively (HR 0.63; 95% CI 0.42-0.95).
The response and disease controls rate were not statistically
different between the groups (20 vs. 32%, P=0.20; 81 vs. 80%,
P=1.0). In addition, comparison of common grade 3 and 4 AEs
between the two groups revealed no statistically significant
differences. In conclusion, the results of the present study
indicated that SMI obtained by BIA may be a predictor of
treatment response and prognosis in patients with advanced
pancreatic cancer who undergo GnP.

Introduction

An estimated 460,000 new pancreatic cancer cases occur
worldwide each year, resulting in 430,000 annual deaths (1).
Pancreatic cancer has several risk factors, including smoking,
age, alcohol abuse, obesity, genetic factors, diabetes, diet, and
lack of exercise, and it is one of the most intractable carci-
nomas, with a 5-year survival rate of approximately 9% (2,3).
In Japan, the number of pancreatic cancer patients has been
increasing in recent years; it is responsible for more than
30,000 deaths every year, making it the fourth leading cause of
cancer death following lung cancer, colon cancer, and stomach
cancer (4).

Gemcitabine plus nab-paclitaxel combination therapy
(GnP) was shown to be superior to gemcitabine monotherapy
in terms of overall survival (OS) as a first-line treatment for
patients with metastatic pancreatic cancer in a phase Il trial (5).
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The treatment guideline of the National Comprehensive Cancer
Network and Japanese Pancreas Society recommends GnP
as a standard treatment for pancreatic cancer in combination
with a FOLFIRINOX (fluorouracil, leucovorin, irinotecan,
and oxaliplatin) regimen (6,7). GnP and FOLFIRINOX have
become the standard treatment for unresectable pancreatic
cancer not only in Japan but also worldwide.

Sarcopenia is a condition in which muscle mass decreases
with age (8). Sarcopenia can be divided into primary or
secondary sarcopenia according to its origin (i.e., malignant
tumors, chronic heart failure, or chronic kidney disease) (9,10).
In recent years, global interest in sarcopenia has increased,
and diagnostic algorithms were proposed by the European
Working Group on Sarcopenia in Older People (EWGSOP)
in 2010 and the Asian Working Group for Sarcopenia in 2014,
respectively (11,12). In both sets of criteria, sarcopenia is
defined as a morbid status involving loss of muscle mass or
loss of physical function.

Because it is defined by a decrease in skeletal muscle mass,
the skeletal muscle index (SMI) is useful for the evaluation of
sarcopenia (13). The methods of measuring the SMI include
measuring the cross-sectional area of the muscle by examining
images, such as computed tomography (CT) and magnetic
resonance imaging (MRI); bioelectrical impedance analysis
(BIA); and dual-energy X-ray absorptiometry (DEXA) (14,15).

Sarcopenia has been reported to be a prognostic factor in
various cancers, including pancreatic cancer (16-19). Moreover,
in patients receiving cytotoxic chemotherapy, sarcopenia has
been reported to be a predictor of response and to contribute
to increased toxicity (20-22). Although GnP is the standard
chemotherapy for pancreatic cancer and has been administered
to numerous patients, there are no reports on the relationship
between GnP treatment outcomes and sarcopenia in patients
with advanced pancreatic cancer. As the relationship between
sarcopenia and prognosis becomes clear, early nutritional and
exercise interventions may improve the prognosis. Therefore,
we retrospectively analyzed the impact of sarcopenia on OS,
progression-free survival (PFS), response rate, disease control
rate, and adverse events (AEs) by assessing SMI via BIA.

Materials and methods

Ethics. The present study was approved by the Institutional
Review Board of Kanagawa Cancer Center. Informed consent
was obtained in the form of an opt-out form on the website.

Patients. We retrospectively analyzed 121 consecutive patients
with advanced pancreatic cancer who received GnP as the
first-line treatment from January 2015 to December 2017.
GnP treatment included 1,000 mg/m? of gemcitabine and
125 mg/m? of nab-paclitaxel administered on days 1, 8, and
15 at four-week-intervals. The dose was reduced or postponed
depending on general condition, laboratory data, and AEs.
The inclusion criteria were as follows: patients with unre-
sectable pancreatic cancerdiagnosed as stage Il orI'V according
to the 7th edition of the Union for International Cancer Control
TNM classification and an Eastern Cooperative Oncology
Group Performance Status (ECOG PS) of 0 or 1 (23,24).
Adenocarcinoma was diagnosed by tissue biopsy or cytology.
These patients received GnP as first-line chemotherapy. Any

patient unsuitable for InBody 720 measurement due to massive
ascites and pleural effusion was excluded from the study. We
also excluded patients with clinically symptomatic cholangitis
or pancreatitis.

Predictors. Body composition was evaluated using an
InBody 720® (InBody, Tokyo, Japan) prior to the initiation
of GnP. SMI was calculated by dividing the skeletal muscle
mass of the extremities by the square of the height. The cutoff
values were based on values measured in healthy adults in
Taiwan using BIA. The SMI cutoff values were below the
mean adult skeletal muscle mass indicated by the EWGSOP,
with reference to the value determined as -2 standard devia-
tions. In this study, the cutoff values were 8.87 kg/m? for males
and 6.42 kg/m? for females (25). Cases with an SMI higher
than the cutoff values were allocated to the non-sarcopenia
group and those with an SMI lower than the cutoff values were
allocated to the sarcopenia group. In both groups, sex age, PS,
body mass index (BMI), clinical stage, the modified Glasgow
prognostic score (mGPS), tumor localization (pancreatic head
or body tail), and tumor marker [serum carbohydrate antigen
19-9 (CA19-9)] were analyzed.

CA19-9 was measured at the start of GnP. We measured
CA19-9 by chemiluminescent immunoassay using an
ARCHITECTIi2000SR® (Abbott Japan, Tokyo, Japan). The
BMI was calculated by dividing the weight at the start of
GnP by the square of the height. The standard value was
set at 22 (26). The adopted mGPS was based on both the
C-reactive protein (CRP) and albumin levels as sarcopenia
indicators (27). Patients with both elevated CRP (>1.0 mg/l)
and hypoalbuminemia (<3.5 g/I) were assigned a score of 2;
those patients with either elevated CRP or hypoalbuminemia
were assigned a score of 1; and those with neither elevated
CRP nor hypoalbuminemia were assigned a score of 0. The
relative dose intensity (RDI) for each chemotherapy regimen
was calculated by dividing the actual dose by the planned
dose. We analyzed the RDI up to 12 weeks after the start
of GnP because it is expected to decrease with long-term
treatment, mainly due to peripheral neuropathy caused by
nab-paclitaxel (5). Second-line treatment after GnP failure
was initiated when patients had adequate organ function and a
good PS; otherwise, they received best supportive care.

Follow-up. The follow-up period was until December 2019.
The response and disease control rates were evaluated based
on 5-mm slice CT scans every 6-10 weeks and the (Response
Evaluation Criteria in Solid Tumors version 1.1 (28). GnP was
continued until the appearance of unacceptable AEs or disease
progression.

Outcomes. In this study, the primary outcomes were OS, PFS,
disease control rate, and response rate. OS was calculated
from the date of GnP initiation to the date of death by any
cause. PFS was calculated from the date of GnP initiation to
the date of disease progression or death by any cause. Patients
lost to follow-up were treated as censored cases.

The secondary outcomes were AEs. Hematologic toxici-
ties, such as leukopenia, neutropenia, thrombocytopenia,
and anemia, and non-hematologic toxicities, such as nausea,
anorexia,diarrhea, constipation, fatigue, peripheral neuropathy,
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Table I. Patient backgrounds of the sarcopenia and non-sarcopenia groups.

Characteristic All patients (n=121) Non-sarcopenia (n=81) Sarcopenia (n=40) P-value
Median age, years (range) 69 (43-80) 67 (43-80) 70 (44-78) 0.05
Sex, n <0.01
Male 71 36 35
Female 50 45 5
Performance status, n 0.84
0 43 28 15
1 78 53 25
Mean BMI, kg/m?(SD) 20.6 (3.0) 21.5(2.67) 18.5(2.45) <0.01
Mean SMI, kg/m? (SD)
All 8.4 (1.15) 8.7(1.1) 7.8 (0.98) <0.01
Male 8.9 (1.04) 9.7 (0.61) 8.1(0.7) <0.01
Female 7.7 (0.94) 7.9 (0.79) 5.9 (0.98) <0.01
UICC clinical stage, n 0.83
11T 33 23 10
1\Y 88 58 30
Mean albumin, g/dl (SD) 3.7(0.54) 3.7(0.53) 3.5(0.50) 0.07
Median CRP, mg/dl (IQR) 1.56 (0.12-1.29) 0.2 (0.10-1.02) 0.54 (0.14-2.26) 0.08
mGPS, n 0.18
0 59 44 15
1 30 19 11
2 32 18 14
Localization of tumor, n 0.44
Head 47 36 11
Body or tail 74 45 29
Median CA19-9, U/ml (IQR) 628.2 (99.4-17,966) 564.7 (70.0-20,349) 1,477 (332-16,147) 0.37

BMI, body mass index; SMI, skeletal muscle index; UICC, Union for International Cancer Control; CRP, C-reactive protein; mGPS, modified
Glasgow prognostic score; SD, standard deviation; IQR, inter-quartile range. The unpaired Student's t-test and Fisher's exact test were used

for comparisons of patient backgrounds.

and anorexia were listed as retrospectively evaluable AEs.
AEs were classified into grades 1-5 according to the Common
Terminology Criteria for Adverse Events version 5 (29).

Statistical method. According to previous reports (30), the
proportion of sarcopenia was estimated as 30-65%, and its
impact on hazard ratio (HR) of survival was at least 0.5. We
set the duration of accrual and follow-up as 2 years and 1 year,
respectively, and considered that a sample size of 109 patients
was required to detect the impact of sarcopenia on the survival,
with an alpha error of 0.05 and a power of 90%. JMPProl5.0
(JMP Japan, Toyo, Japan) was used for the statistical analysis.
The unpaired Student's t-test and Fisher's exact test were
used for comparisons of patient backgrounds and AEs. The
comparison of RDI was evaluated by unpaired Student's t-test
for each drug.

PFS and OS were analyzed using the Kaplan-Meier method
and the HR and corresponding 95% confidence interval (CI)
were estimated using the log-rank test and Cox regression
analysis. Multivariate analysis for prognostic factors was
performed using the Cox Proportional Hazards model with the

backward selection method. P<0.05 was considered to indicate
a statistically significant difference.

Results

Patients. Table I shows the patient backgrounds in each group.
There were no differences in age, tumor location, clinical
stage, mGPS, PS, or CA19-9 between the two groups. There
were significantly more males than females in the sarcopenia

group.

Treatment course. In the non-sarcopenia and sarcopenia groups,
the median RDIs at 12 weeks after the start of GnP were 0.84
(range: 0.11-1.0) and 0.73 (range: 0.22-1.0) for gemcitabine, and
0.80 (range: 0.11-1.0) and 0.67 (range: 0.11-1.0) for nab-pacli-
taxel, respectively, with corresponding P-values of 0.32 and 0.26
for gemcitabine and nab-paclitaxel, respectively (Table II). The
number of patients with dose reduction at GnP initiation was
significantly higher in the sarcopenia group (P=0.03, Table II)
than in the non-sarcopenia group. The reasons for discontinuing
chemotherapy were not different between the two groups.
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Table II. Treatment courses of the sarcopenia and non-sarcopenia groups.

Variable Non-sarcopenia (n=81) Sarcopenia (n=40) P-value
Median relative dose intensity
at 12 weeks (range)
Gemcitabine 0.84 (0.11-1.0) 0.73 (0.22-1.0) 0.32
Nab-paclitaxel 0.80 (0.11-1.0) 0.67 (0.11-1.0) 0.26
Dose reduction at GnP initiation, n (%) 5 (6) 4 (10) 0.03
Reason for GnP discontinuation, n (%)
Disease progression 68 (84) 30 (75) 0.28
Adverse events 5(6) 5(12.5) 0.26
Poor performance status 2(2) 3(7) 0.20
Patient's request 34) 2(5) 0.77
Conversion surgery 34) 0(0) 0.20
Secondary treatment, n (%) 60 (74) 29 (73) 0.85
Chemotherapy, n (%) 54 (67) 27 (68)
Chemoradiotherapy, n (%) 34) 1(3)
Conversion surgery, n (%) 34) 0(0)
Others, n (%) 0(0) 1(3)
The unpaired Student's t-test and Fisher's exact test were used for comparisons of treatment courses.
Table III. Treatment efficacy in the sarcopenia and non-sarcopenia groups.
Variable Non-sarcopenia (n=81) Sarcopenia (n=40) P-value
Objective response, n (%) 0.30
CR 0(0) 1(3)
PR 26 (32) 7 (18)
SD 40 (49) 24 (60)
PD 15 (19) 8 (20)
Response rate, % 32 20 0.20
Disease control rate, % 81 80 >0.99
Median PFS, months (95% CI) 6.4 (95% CI14.9-8.1) 4.3 (95% CI13.0-5.9) 0.02
Median OS, months (95% CI) 13.9 (95% CI 11.0-16.1) 8.3 (95% C16.9-12.7) 0.18

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; PFS, progression-free survival; OS, overall survival;
CI, confidence interval. The Fisher's exact test was used to assess objective response, response rate and disease control rate. PFS and OS were
analyzed using the Kaplan-Meier method and the 95% CI was estimated using the log-rank test.

A total of 60 patients (74%) in the non-sarcopenia group and
29 patients (73%) in the sarcopenia group received second-line
chemotherapy (P=0.85, Table IT). The regimen for the second-line
treatment was at the physician's discretion: FOLFIRINOX, S-1, or
other investigational drugs. Three patients in the non-sarcopenia
group who showed remarkable tumor shrinkage underwent
surgical resection as a conversion surgery.

Efficacy. At the time of data cutoff, the median duration of
follow-up for censored cases was 27.4 months. Table III
showed the response and disease control rates, PFS, and OS.
The response rates in the non-sarcopenia and sarcopenia
groups were 32 and 20% (P=0.20), respectively, and the
disease control rates were 81 and 80% (P=1.00), respectively.

The non-sarcopenia and sarcopenia groups had a median PFS
of 6.4 months (95% CI 4.9-8.1) and 4.4 months (range: 3-5.9),
respectively,and amedian OS of 13.9 months (95% CI 11.0-16.1)
and 8.2 months (95% CI 6.9-12.7), respectively. Figs. 1 and 2
show the PFS and Kaplan-Meier curves for OS, respectively.
The HR for PFS in the non-sarcopenia group compared with
the sarcopenia group was 0.63 (95% CI 0.42-0.95; Table IV),
whereas that for OS was 0.79 (95% CI 0.53-1.20; Table V). We
could not reject the null hypothesis for the OS.

AEs. The incidences of AEs are shown in Table VI. The
incidences of all grade AEs and grade 3-4 AEs of hemato-
logic toxicities were not significantly different between the
non-sarcopenia and sarcopenia groups.
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Figure 1. PFS curves of the patients who received gemcitabine and nab-paclitaxel. The PFS of the non-sarcopenia group (solid line) was significantly longer

than that of the sarcopenia group (dotted line). The median PFS was 6.4 months (95% CI 4.9-8.1) in the non-sarcopenia group and 4.3 months (95% CI 3.0-5.9)
in the sarcopenia group. The hazard ratio was 0.64 (95% CI 0.41-0.99). PES, progression-free survival; CI, confidence interval.
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Figure 2. OS of the patients who received gemcitabine and nab-paclitaxel. The median OS was 13.9 months (95% CI 11.0-16.1) in the non-sarcopenia group
(solid line) and 8.2 months (95% CI 6.9-12.7) in the sarcopenia group (dotted line). The hazard ratio was 0.90 (95% CI 0.58-1.40). OS, overall survival;
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Table IV. Factors related to progression-free survival.

Univariate analysis

Multivariate analysis®

Characteristic HR 95% CI P-value HR 95% C1 P-value
Group 0.02 0.03
Non-sarcopenia 0.62 0.42-0.92 0.63 0.42-0.95
Sarcopenia 1 1
Sex 0.80
Male 1.05 0.71-1.55
Female 1
Performance status 0.45
0 0.85 0.57-1.28
1 1
Clinical stage 0.02 0.03
III 0.59 0.38-091 0.62 0.39-0.97
v 1 1
Age, years 0.88
<75 1.03 0.66-1.61
>75 1
BMI, kg/m? 0.60
>22 1.11 0.74-1.69
<22 1
mGPS 0.08 0.56
Oorl 0.69 0.45-1.05 0.88 0.56-1.37
2 1 1
Tumor localization 0.99
Head 0.99 0.68-1.46
Body or tail 1
CA19-9, U/ml 0.30
<628 0.82 0.56-1.20
=628 1

“Multivariate analysis was conducted using the Cox regression hazard model with the backward selection method. HR, hazard ratio;
CI, confidence interval; BMI, body mass index; mGPS, modified Glasgow prognostic score.

Discussion

In this study, it was suggested that the evaluation of SMI by
BIA may be an indicator of the prognosis and therapeutic
effect of GnP. It has been reported that sarcopenia and chemo-
therapeutic outcomes have relationships in various cancers,
including pancreatic cancer, and various evaluation methods
have been utilized for sarcopenia (30-34). However, there have
been no reports regarding the association of sarcopenia on the
outcomes of GnP for advanced pancreatic cancer patients.
We noted a statistically significant difference in the PFS
between advanced pancreatic cancer patients with and without
sarcopenia, and a tendency toward a slight prolongation of OS
in the non-sarcopenia group. OS was affected not only by the
first-line treatment but also by the second-line treatment. In
this study, we observed a trend toward longer OS in patients
who were able to receive secondary treatment, although the
difference was not significant (HR 0.65; 95% CI 0.43-1.01).

Approximately 74 and 73% of the patients in the sarcopenia
and non-sarcopenia groups received second-line treatment
between, which was not significantly different. Since secondary
treatment was not limited, a wide variety of treatment methods
may have affected the OS. In addition, only the SMI values
before the first administration of the chemotherapy regimen
were available, so it was not possible to evaluate changes in
SMI values during the treatment course, which may impact
the prognosis (35).

Patients with advanced pancreatic cancer often have a poor
nutritional status due to cachexia (36). The relationship between
cachexia, malnutrition, and reduced SMI has been reported (37).
Approximately one-third of cancer-related deaths are report-
edly due to malnutrition rather than cancer (38). Cachexia and
malnutrition associated with cancer would reduce SMI and
affect secondary sarcopenia. Recently, a clinical trial focusing
on multimodal exercise, nutrition, and anti-inflammatory medi-
cation for cachexia confirmed the importance of exercise and



ONCOLOGY LETTERS 24: 375, 2022 7

Table V. Factors related to overall survival.

Univariate analysis

Multivariate analysis®

Characteristic HR 95% C1 P-value HR 95% CI P-value
Group 0.17 0.27
Non-sarcopenia 0.76 0.51-1.13 0.79 0.53-1.20
Sarcopenia 1 1
Sex 043
Male 1.16 0.79-1.72
Female 1
Performance status 0.02 0.04
0 0.60 0.40-0.91 0.64 0.42-0.98
1 1 1
Clinical stage <0.01 0.01
I 0.50 0.32-0.78 053 0.33-0.83
v 1 1
Treatment after GnP 0.05
Secondary treatment 0.65 0.43-1.01
BSC 1
Age, years 0.94
<75 1.02 0.65-1.59
>75 1
BMI, kg/m? 024
<22 1.29 0.85-1.95
=22 1
mGPS <0.01 0.13
Oorl 0.49 0.32-0.76 0.69 0.43-1.11
2 1 1
Tumor localization 0.69
Head 0.92 0.64-1.35
Body or tail 1
CA19-9, U/ml 0.19
<628 0.78 0.53-1.13
>628 1

“Multivariate analysis was conducted using the Cox regression hazard model with the backward selection method. HR, hazard ratio; CI, confi-
dence interval; BMI, body mass index; mGPS, modified Glasgow prognostic score; BSC, best supportive care.

nutrition therapy (39). Maintaining or increasing skeletal muscle
mass through nutritional or exercise interventions may prevent
sarcopenia and improve prognosis as well as quality of life.
The mGPS is widely used as an indicator of nutritional
status (40). CRP and albumin, the acute proteins that consti-
tute the mGPS, are sensitive and reliable markers that reflect
the systemic inflammatory response of cancer patients. The
mGPS 0 is defined as normal or symptomatically relieved
hypocachexia, 1 as precachexia, and 2 as cachexia or irrevers-
ible cachexia, which may reflect tumor extension, necrosis,
and undernutrition (41). A previous meta-analysis reported
an association between mGPS and OS and PFS in pancreatic
cancer patients (42). However, it was not a significant prog-
nostic factor in this study. In pancreatic cancer, the mGPS
may not necessarily reflect the disease state due to increases

in CRP from cholangitis or associated pancreatitis. Hence,
this study excluded patients with cholangitis or pancreatitis
showing apparent clinical symptoms, but SMI may be useful
in patients ineligible for evaluation by mGPS.

Regarding the relationship between sarcopenia and effi-
cacy of chemotherapy for pancreatic cancer, a decrease in
skeletal muscle mass, as measured by CT, was reported to be
a prognostic predictor in patients who received FOLFIRINOX
as second-line chemotherapy (43). Other studies showed that
gemcitabine alone and gemcitabine plus erlotinib resulted in a
significantly worse prognosis in patients with sarcopenia than
in those without (44). The lack of difference in AEs between
groups suggests that GnP was well tolerated and may be useful
for patients with low SMI. GnP may be a tolerable treatment
option for older patients with low SMI.
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Table VI. Adverse events in the non-sarcopenia and sarcopenia groups.

Non-sarcopenia (n=81) Sarcopenia (n=40) P-value
Event All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4
Leukopenia, n (%) 73 (90) 36 (44) 36 (90) 13 (33) 1.0 0.24
Neutropenia, n (%) 66 (81) 50 (62) 29 (73) 19 (48) 0.34 0.17
Thrombocytopenia, n (%) 68 (84) 5(6) 33(83) 0(0) 10 0.17
Anemia, n (%) 78 (96) 21 (26) 40 (100) 5(12.5) 0.55 0.10
Nausea, n (%) 11 (14) 1(1) 6 (15) 0 (0) >0.99 >0.99
Diarrhea, n (%) 10 (12) 0 (0) 6 (15) 0 (0) 0.78 -
Constipation, n (%) 20 (25) 0 (0) 11 (28) 0(0) 0.83 -
Peripheral neuropathy, n (%) 55 (68) 9(11) 26 (65) 6 (15) 0.84 0.57
Anorexia, n (%) 22 (27) 1(1) 15 (38) 0 () 0.30 1.0
Malaise, n (%) 25 (31) 1 (1) 11 (28) 0(0) 0.83 1.0

The Fisher's exact test was used for comparisons of adverse events.

The optimal method for SMI measurement is contro-
versial. DEXA has the advantage of being able to measure
skeletal muscle mass throughout the body very accurately,
but it requires special equipment and has the disadvantages
of radiation exposure and excessive cost (45). Measuring
the SMI via CT is commonly used and has been reported to
be a useful method, although it is not completely consistent
with the BIA method. However, we believe that BIA is more
effective in terms of radiation exposure and cost (46,47). The
measurement of skeletal muscle mass by MRI has also been
reported as an effective method, but it has disadvantages
such as excessive cost, limited availability of facilities, long
examination time, and inability to be performed in patients
with claustrophobia (48). We chose BIA because it is an inex-
pensive, simple, non-invasive measurement method with high
reproducibility.

BIA can be measured repeatedly, and it is easy to
check changes in SMI with active nutrition and exercise
intervention support as needed. In the future, prevention
and improvement of sarcopenia as well as chemotherapy
are expected to improve the prognosis of patients with
pancreatic cancer, and BIA may enable early detection of
sarcopenia and early therapeutic intervention. Furthermore,
chemotherapy may trigger immune responses mediated
by tumor-specific T cells by stimulating immunogenic
cell death, and novel minimal drug nanoplatforms that
can stimulate the immunotherapeutic potential inherent
in gemcitabine could be developed (49). In the future, we
will study the association of SMI with other chemotherapy
regimens and novel agents.

There were some limitations in this study. First it included
only a small number of cases. Second, it was a retrospective
study. In the future, verification in a prospective study with a
larger sample size is desired. However, considering previous
reports, our study tends to correlate sarcopenia with prog-
nosis, which may be a reliable result. Third, we chose the
cutoff values based on Taiwanese adults without cancer. The
cutoff values were reliable because they study cohort also
comprised East Asians (Japanese individuals) with similar

physical characteristics. However, there may be more appro-
priate cutoff values for pancreatic cancer patients. Fourth,
some patients received conversion surgery or radiotherapy
as second-line treatment, so the OS may not reflect the
effect of chemotherapy, and the cases were heterogeneous
between the two groups. Fifth, the cutoff values in this study
tended to be less for female patients with sarcopenia. The
low number of females may have led to a lower estimate of
toxicity. Thus, the setting of cutoff values may need to be
examined.

In conclusion, SMI measured by BIA was indicative of the
PFS of patients with advanced pancreatic cancer who received
GnP as first-line treatment, suggesting its importance as a
prognostic factor in these patients. Therefore, it may be one of
the useful diagnostic methods of sarcopenia.
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