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ABSTRACT

Background. Sarcopenia was previously linked to clinical
outcomes for several cancer types, including esophageal
cancer (EC), but most studies only measured the quantity
of skeletal muscle mass. We aim to assess the clinical
significance of evaluating the quantity and quality of
skeletal muscle in patients with EC who underwent
neoadjuvant  chemotherapy = (NAC) followed by
esophagectomy.

Methods. We included 333 consecutive patients with EC
who underwent NAC followed by esophagectomy. The
psoas muscle index (PMI) and intracellular muscle adipose
tissue content (IMAC) were measured by computed
tomography. We defined low PMI combined with high
IMAC as severe sarcopenia, and assessed its impact on
clinical outcomes.
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Results. Thirty-seven patients (11.1%) had severe sar-
copenia. Compared with patients without severe
sarcopenia, those with severe sarcopenia showed a signif-
icantly worse NAC response rate (54.1% vs 74.7%;
P = 0.008), worse pathological response rate (24.3% vs
40.2%, P = 0.061), higher morbidity rate (67.6% vs 38.5%;
P =0.001), particularly for pneumonia (32.4% vs 14.9%
P =0.007) and expectoration disorder (37.8% vs 13.5%
P < 0.001), and unfavorable survival (3-year overall sur-
vival rate: 54.1% vs 66.6% P = 0.027). Multivariable
analysis of overall survival showed that severe sarcopenia
(HR 1.68, P =0.025) and cT (HR 1.52, P = 0.032) were
independent prognostic factors of poor outcome.
Conclusions. PMI combined with IMAC represents a new
criterion for sarcopenia that might be useful for predicting
NAC response, postoperative complications, and long-term
survival in patients with EC undergoing multidisciplinary
treatments.

Esophageal cancer (EC) is a highly aggressive malig-
nant tumor with unfavorable prognosis' As treatment,
esophagectomy is quite invasive and was associated with a
high rate of postoperative complications.z’3 EC closely
correlates with poor nutritional status, because many
patients manifest dysphagia and weight loss, which may
lead to chemotherapy intolerance and poor postoperative
outcomes.*  Furthermore, neoadjuvant chemotherapy
(NAC), a standard treatment for resectable, locally
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advanced EC in Japan,™® could impair nutritional or per-
formance status in patients who must undergo multimodal
treatments. In this situation, predicting the risk of unfa-
vorable clinical outcomes might contribute to optimizing
the treatment strategy for multimodal therapy in patients
with EC.

Sarcopenia is characterized by reduced skeletal muscle
mass and function, related to aging or disease.” Sarcopenia
is associated with adverse clinical outcomes in several
types of cancer, including colorectal®, pancreatic,” and
small cell lung cancers,'® and EC.'"" Previous reports
assessed the quantity of muscle using either the skeletal
muscle mass index (SMI) or psoas muscle mass index
(PMI). However, in diagnosing sarcopenia, these single
parameters do not always provide consistent results.'?
Thus, we need a more accurate method for assessing
sarcopenia.

On the other hand, intracellular adipose tissue content
(IMAC), a new parameter for describing sarcopenia,
reflects the “quality” of muscle. IMAC was expected to be
a potential predictor of clinical outcomes in cancer thera-
pies.”>'® In fact, a previous study reported that IMAC
identified a subgroup of patients with normal PMI who
showed unfavorable prognosis in extrahepatic biliary can-
cer'’ However, in EC, particularly among patients who
receive multidisciplinary treatments, it remains unclear
whether measuring IMAC, in addition to PMI, might pro-
vide better prediction of clinical outcome. The present
retrospective study aimed to evaluate the clinical utility of
a novel sarcopenia category, based on both PMI and IMAC
measurements, in a large series of patients with EC who
underwent NAC followed by surgery.

PATIENTS AND METHODS
Patient Eligibility

The present study included 333 consecutive patients
with  EC who underwent NAC followed by surgical
resection at the Department of Gastroenterological Sur-
gery, Graduate School of Medicine, Osaka University from
January 2010 to March 2017. Patients who received pre-
operative radiotherapy were excluded. We collected data
related to the characteristics of the primary tumor and
oncologic staging, other physical status, surgical and
neoadjuvant treatment, NAC-related adverse events,
response to NAC, postoperative complications, and prog-
nostic factors. Clinicopathological factors were classified
according to the Union for International Cancer Control
(UICC) tumor—-node—metastasis (TNM) classification of
malignant tumors, 8th edition.'"® According to the UICC
classification, metastasis to supraclavicular lymph nodes,

which was previously considered to be locoregional lymph
node metastasis, was defined as “distant” lymph node
metastasis. Therefore, by definition, patients with supra-
clavicular lymph node metastases (but no metastases to
distant organs) were classified as stage IV in the present
study.

Neoadjuvant Chemotherapy and Surgery

Patients underwent one of two NAC regimens: (1) two
cycles of 70 mg/m? docetaxel and 70 mg/m? cisplatin
delivered by rapid intravenous infusion on day 1, combined
with 700 mg/m* 5-fluorouracil (5-FU), delivered by con-
tinuous intravenous infusion for 5 days (days 1-5), every 3
weeks'>?° (the DCF regimen); or (2) two cycles of 35 mg/
m? adriamycin and 70 mg/m? cisplatin delivered by rapid
intravenous infusion on day 1, along with 700 mg/m? 5-FU
delivered as continuous intravenous infusion for 7 days
(days 1-7), every 4 weeks (the ACF regimen)ZI*26

All patients underwent two cycles of NAC, and 34
weeks later, they received radical subtotal esophagectomy
with either two- or three-field lymphadenectomy, followed
by reconstruction with a gastric conduit or pediculate
jejunum, as described previously.?”*® NAC-related adverse
events were classified according to the Common Termi-
nology Criteria for Adverse Events, version 4.0.>%°
Postoperative complications were classified using the
Clavien—-Dindo classification system.’’ The Human Ethics
Review Committee of Osaka University Graduate School
of Medicine approved the protocol for this retrospective
study, and each participant provided signed consent.

PMI and IMAC Measured with Computed Tomography

Whole-body computed tomography (CT) scans were
performed before and after NAC, as routine care for all
eligible patients.’*? Psoas muscle mass was measured on
CT scans with the Synapse Vincent system (Fuji Film Co.
Ltd., Tokyo, Japan). Briefly, both sides of the psoas muscle
region were selected automatically (Fig. la, b), and the
cross-sectional psoas muscle area (sz) was measured at
the level of the third lumbar vertebra (L3). The psoas
muscle index (PMI) was calculated by adjusting for patient
height, as follows:

PMI (cm*/m?) = total psoas area at L3 ((:1112)/height2

(m?)

At the same cross section, the average CT values
(Hounsfield units) of the multifidus muscle and subcuta-

neous fat were measured (Fig. 1b). IMAC was calculated,
as previously reported, with the following formula:



Sarcopenia in esophageal cancer patients

7187

FIG. 1 Method for measuring body composition parameters from
cross-sectional CT images. Left: Representative images taken at the
third lumbar level show a normal muscle content and b severe
sarcopenia, based on PMI and IMAC values. Right: Colored images
illustrate the methods for measuring PMI and IMAC. Blue: bilateral
psoas muscle areas calculated by automatically tracing the
appropriate areas with the Synapse Vincent program. Green: region

IMAC = CT value of multifidus muscle/CT value of
subcutaneous fat

The cutoff values for PMI were set at 6.36 cm?*/m? for
males and 3.92 cm*m? for females. The cutoff values for
IMAC were set at — (0.375 for males and — 0.216 for
females. These cutoff values were based on the average
minus two standard deviations (SDs), observed in healthy
Japanese individuals under the age of 50 years.>**> In this
study, patients with low PMI and high IMAC were
allocated to the “severe sarcopenia” group. This group
was compared with the other patients (nonsevere group) in
terms of clinicopathological parameters. In the same
manner, the visceral fat area (VFA) and subcutaneous fat
area (SFA) were measured at the level of L3 (Supplemen-
tary Information).

Inflammatory Markers

Nutrition  and  Inflammatory  Parameters Patient
inflammatory status was evaluated as follows: patients
with both C-reactive protein (CRP) > 0.5 mg/dl and serum
albumin < 3.5 g/dl were assigned mGPS = 2, patients with
one of these blood chemistry abnormalities were assigned

of interest (ROI) in the multifidus muscle measured precisely by
manual tracing. Red: bilateral small, square areas represent
subcutaneous fat tissue, distant from major vessels. The IMAC was
calculated as the mean CT value of the ROI in the multifidus muscles,
divided by the area of subcutaneous fat. CT computed tomography,
PMI psoas muscle index, IMAC intramuscular adipose tissue content

mGPS = 1, and those with neither abnormality were
assigned mGPS = 0;°° the Prognostic Nutritional Index
(PNI) was defined as 10 x serum albumin [g/
dl] + 0.005 x peripheral lymphocyte count [/mm3];*’
and the neutrophil-lymphocyte ratio (NLR) was defined
as neutrophils (mm®)/lymphocytes (mm?).*® The cutoff
values for these parameters were set to ensure the largest
difference between the two groups, based on previous
reports.%’38

Evaluation of Tumor Response to NAC

All patients underwent restaging with CT, endoscopy,
and positron emission tomography in tandem with CT to
evaluate the clinical response at 2-3 weeks after NAC.
Clinical tumor response was evaluated by esophagoscopy
and CT after each cycle of chemotherapy,”’~"
dance with criteria established by the Japanese Society for
Esophageal Disease (JSED).® The histopathological tumor
response was evaluated according to JSED histological
criteria.®**

in accor-
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Statistical Analysis

Data were analyzed using JMP14 software (SAS Insti-
tute Inc., Cary, NC, USA). Continuous data are reported as
mean =+ standard deviation. Differences between groups
were analyzed with the Pearson chi-squared (y%) test for
categorical variables. The Mann—Whitney U-test was used
for group comparisons of continuous data at a single time
point. Kaplan—Meier survival curves and log-rank analyses
were performed to evaluate potential survival differences
between groups. Because our main focus was to identify
pretreatment prognostic factors, we only included pre-
treatment factors in the univariable analysis for OS. Items
that showed significant associations on univariable analysis
were entered into multivariable analyses with logistic
regression models. Results are expressed as odds ratio
(OR) or hazard ratio (HR) with 95% confidence interval
(95% CI). P values < 0.05 are considered significant.

RESULTS
PMI and IMAC Values and Their Correlation

The median (range) PMI was 7.11 (3.06-25.3) for men
and 5.03 (3.43-7.45) for women. We created a low-PMI
group that comprised 98 (33.3%) males and 5 (12.8%)
females. On the other hand, the median (range) IMAC was
—0.424 (- 0.961 to — 0.028) for men and — 0.212 (- 0.767
to 0.065) for women. We created a high-IMAC group that
comprised 90 (30.6%) males and 21 (53.8%) females. We
found no significant relationship between PMI and IMAC
values, regardless of gender (Fig. 2). Among all eligible
patients, 37 (11.1%; 36 males and 1 female) had both low
PMI and high IMAC, and these patients were categorized
as “severe sarcopenia” in the present study (Fig. 2b, ¢). CT
images of severe sarcopenia showed an extremely thin
psoas muscle and a coarse multifidus muscle (Fig. 1b).

Association between Severe Sarcopenia
and Background Parameters

We compared clinicopathological characteristics
between patients with severe sarcopenia and those without
severe sarcopenia (nonsevere group; Table 1). The severe
sarcopenia group had significantly greater median age (71
years) compared with the nonsevere group (67 years,
P = 0.006). Notably, the severe sarcopenia group had sig-
nificantly larger median VFA (90.4 cm?) than the
nonsevere group (70.4 cm? P =0.010). However, we
identified no significant differences between groups
regarding other parameters, including sex, tumor location,
cT, cN, cStage, pT, pN, pStage, comorbidity, American
Society for Anesthesiologists physical status, NAC

regimen, average relative dose intensity, CRP levels,
prognostic nutritional index, NLR, or modified Glasgow
Prognostic Scale. Moreover, the two groups were not sig-
nificantly different in surgical factors, including operation
time, blood loss, reconstruction route, reconstruction organ,
surgical approach, or fields of lymphadenectomy.

Correlation between Severe Sarcopenia and NAC-
Related Adverse Events

Supplementary Table 1 presents the details of NAC-
related adverse events in the two groups. The incidences of
leukopenia (70.3% vs 53.7%, P = 0.056) and febrile neu-
tropenia (62.2% vs 45.6%, P = 0.057) tended to be higher
in the severe sarcopenia group compared with the non-
severe group. No significant difference between groups
was observed in the overall frequency of adverse events
(89.2% vs 84.8%, P = 0.477).

Impact of Severe Sarcopenia on Tumor Response
to NAC

The two groups were compared regarding their tumor
response to NAC (Table 2). The clinical response rate was
significantly lower in the severe sarcopenia group com-
pared with the nonsevere group (54.1% vs 74.7%,
P = 0.008). Consistent with that finding, the pathological
response, measured as the percentage of patients who
showed moderate (grade 2) or marked (grade 3) NAC
effectiveness, tended to be lower in the severe sarcopenia
group (24.3%) than in the nonsevere group (40.2%,
P =0.061). Univariable and multivariable analyses of
factors that might be associated with the clinical response
to NAC showed that severe sarcopenia (OR 2.45, 95% CI
1.20-5.02; P =0.014) and the ACF NAC regimen (OR
2.36, 95% CI 1.34-4.15; P =0.003) were independent
predictors of poor response (Table 2B).

Association between Severe Sarcopenia
and Postoperative Complications

Table 3 presents a comparison of postoperative mor-
bidity between the severe sarcopenia and the nonsevere
group. The rates of overall complications (67.6% vs 38.5%,
P = 0.001), particularly postoperative pneumonia (32.4%
vs 14.9%, P = 0.007) and expectoration disorder (37.8% vs
13.5%, P < 0.001), were significantly higher in the severe
sarcopenia group than in the nonsevere group (Table 3A).
Univariable logistic regression analysis (Table 3B)
revealed that age (P = 0.002), reconstruction with pedicu-
late jejunum (P = 0.007), subcutaneous route (P = 0.002),
blood loss (P = 0.011), and severe sarcopenia (P = 0.001)
were significantly associated with overall complications.
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Multivariable analysis showed that, among these factors,
severe sarcopenia (OR 2.69, 95% CI 1.27-5.68; P = 0.010)
and age (OR 1.77, 95% CI 1.07-2.92; P = 0.026) were
independent predictive factors of overall complications
(Table 3B). We also compared postoperative complications
between normal- and low-PMI groups, and between nor-
mal- and high-IMAC groups (Supplementary Table 2).

Influence of Pretherapeutic PMI and IMAC on Long-
Term Survival

Supplementary Fig. 1 shows the overall survival (OS),
recurrence-free survival (RFS), and cancer-specific sur-
vival (CSS) curves, according to the PMI or IMAC values.
Neither PMI nor IMAC was identified as a significant
prognostic factor on its own (Supplementary Fig. 1). On
the other hand, when we combined the PMI and IMAC
parameters, the 3-year OS rate was 54.1% for patients with
low PMI/high IMAC, 67.5% for patients with low PMI/
normal IMAC, 63.7% for patients with normal PMI/high
IMAC, and 67.8% for patients with normal PMI/normal
IMAC; moreover, the 3-year RFS rates were 40.5%,

Severe sarcopenia

55.0%, 52.3%, and 49.8%, respectively (Fig. 3). Similarly,
the 3-year OS and RFS rates in the severe sarcopenia group
were significantly worse than those in the nonsevere group
(3-year OS: 54.1% vs 66.6%, P = 0.027; 3-year RFS:
40.5% vs 51.5%, P = 0.036). The severe sarcopenia group
tended to have worse cancer-specific survival compared
with the nonsevere group; however, the difference between
groups was not statistically significant. Univariable logistic
regression analysis revealed that ¢T (P = 0.036) and severe
sarcopenia (P = 0.029) were significant factors of OS
(Table 4). Multivariable analysis showed that both ¢T (HR
1.52, 95% CI 1.04-2.22; P = 0.032) and severe sarcopenia
(HR 1.68; 95% CI 1.07-2.65, P = 0.025) were independent
predictive factors of OS.

DISCUSSION

The present results suggest that PMI combined with
IMAC measurements could serve as a novel categorization
of sarcopenia. Our measurements on CT scans performed
before NAC revealed that, among patients with EC, low
PMI combined with high IMAC values were significantly
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TABLE 1 Patient and treatment characteristics according to presence of severe sarcopenia

Characteristic Category Severe sarcopenia (n = 37) Nonsevere group (n = 296) *P value

Age, years Median (range) 71 (57-81) 67 (35-83) 0.006

Sex Male 36 (97.3%) 258 (87.2%) 0.071
Female 1 (2.7%) 38 (12.8%)

Location Ut 8 (21.6%) 49 (16.6%) 0.440
Mt/Lt 29 (78.4%) 247 (83.4%)

cT cT1-2 12 (32.4%) 87 (29.4%) 0.703
cT3-4 25 (67.6%) 209 (70.6%)

cN cNO 12 (32.4%) 73 (24.7%) 0.307
cN1-3 25 (67.6%) 223 (75.3%)

cStage cStage /11 15 (40.5%) 97 (32.8%) 0.346
cStage III/IV 22 (59.5%) 199 (67.2%)

ASA-PS 1-2 35 (94.6%) 283 (95.6%) 0.779
3 2 (5.4%) 13 (4.4%)

NAC regimen DCF 27 (73.0%) 230 (77.0%) 0.518
ACF 10 (27.0%) 66 (22.3%)

ARDI Median (range) 0.90 (0.45-1.00) 0.93 (0.40-1.00) 0.062

BMI (kg/m?) Median (range) 21.1 (16.7-28.6) 21.1 (14.7-29.7) 0.740

Serum albumin (mg/dl) Median (range) 3.7 (2.6-4.6) 3.8 (2.4-5.0) 0.410

PNI Median (range) 46.9 (31.9-55.7) 46.2 (29.2-60.4) 0.826

NLR Median (range) 2.36 (0.99-8.69) 2.67 (0.76-22.6) 0.198

mGPS (0/1/2) 0/1 34 (91.9%) 268 (91.5%) 0.931
2 3 (8.1%) 25 (8.5%)

Operation time (min) Median (range) 484 (344-785) 464 (278-887) 0.112

Blood loss (ml) Median (range) 650 (5-2800) 450 (0-3460) 0.060

Reconstruction route PM 30 (81.1%) 256 (86.5%) 0.269
RS 1 (2.7%) 15 (5.1%)
SC 6 (16.2%) 25 (8.4%)

Reconstruction organ Gastric tube 33 (89.2%) 282 (95.3%) 0.123
Pediculate jejunum 4 (10.8%) 14 (4.7%)

Open/VATS Open 23 (62.2%) 192 (64.7%) 0.768
VATS 14 (37.8%) 104 (35.3%)

Lymphadenectomy fields Three 23 (62.2%) 81 (61.2%) 0.905
Two 14 (37.8%) 115 (38.9%)

VFA (cm?) Median (range) 90.4 (29.1-221.0) 70.4 (4.0-222.6) 0.010

SFA (mm?) Median (range) 76.4 (9.2-185.0) 69.4 (3.5-292.2) 0.440

ASA-PS, American Society for Anesthesiologists Physical Status, NAC neoadjuvant chemotherapy, DCF docetaxel, cisplatin, fluorouracil (5-
FU), ACF adriamycin, cisplatin, 5-FU, ARDI average relative dose intensity, BMI body mass index, PNI Prognostic Nutritional Index, NLR

neutrophil-lymphocyte ratio, mGPS modified Glasgow Prognostic Scale, PM posterior mediastinum, RS retrosternal, SC subcutaneous, VATS
video-assisted thoracic surgery, VFA visceral fat area, SFA subcutaneous fat area

associated with worse response to chemotherapy, high
morbidity rate, particularly pneumonia, and worse long-
term survival. Thus, the new sarcopenia criterion, based on
PMI and IMAC values, was useful in predicting clinical
outcomes of patients with EC who underwent multidisci-
plinary treatments.

Several previous studies have described CT-based
diagnosis for sarcopenia in patients with EC. Indeed, sar-
copenia was associated with adverse events due to NAC,

tumor response to NAC, postoperative complications, and
prognosis.***° However, most of those studies only utilized
the PMI to identify patients with sarcopenia. Moreover, no
consistent evidence has shown the benefit of PMI mea-
surement in patients with EC. In the present study, we also
identified a significant association between the PMI, on its
own, and postoperative complications (particularly pneu-
monia and expectoration disorder; Supplementary Table 2).
However, the PMI was not associated with adverse events
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TABLE 2 (A) Association between presence of severe sarcopenia and NAC response and (B) univariable and multivariable analyses of
potential factors related to poor clinical response to NAC

A
;ac):tor Category Severe sarcopenia (n = 37) Nonsevere sarcopenia (n = 296) P value
Clinical response CR or PR 20 (54.1%) 221 (74.7%) 0.008
Pathological response Grade 2-3 9 (24.3%) 119 (40.2%) 0.061
(B) Variables Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value
Sex (male vs female) 1.31 (0.60-2.88) 0.499
Age (> 65 vs < 65 years) 0.97 (0.58-1.60) 0.896
ASA 3 vs 1.2) 0.64 (0.18-2.33) 0.499
BMI (< 19 vs > 19 kg/m?) 0.93 (0.53-1.65) 0.812
cT (1-2 vs 3-4) 1.19 (0.70-2.02) 0.528
cN (0 vs 1-3) 1.13 (0.64-1.97) 0.677
PNI (< 40 vs > 40) 1.26 (0.59-2.68) 0.546
NLR (> 2.5 vs < 2.5) 0.84 (0.52-1.36) 0.479
mGPS (0-1 vs 2) 0.68 (0.27-1.75) 0.426
VFA (> 100 cm?) 0.69 (0.39-1.22) 0.204
NAC regimen (ACF vs DCF) 2.58 (1.50-4.41) 0.001 2.36 (1.34-4.15) 0.003
ARDI (< 70% vs > 70%) 2.22 (1.06-4.68) 0.032 1.60 (0.72-3.53) 0.255
Sarcopenia (severe vs nonsevere) 2.50 (1.25-5.03) 0.008 2.45 (1.20-5.02) 0.014

CR complete response, PR partial response, ASA-PS American Society for Anesthesiologists physical status, BMI body mass index, PNI
Prognostic Nutritional Index, NLR neutrophil-lymphocyte ratio, mGPS modified Glasgow Prognostic Scale, VFA visceral fat area, NAC
neoadjuvant chemotherapy, DCF docetaxel, cisplatin, fluorouracil (5-FU), ACF adriamycin, cisplatin, 5-FU, ARDI average relative dose intensity

due to NAC, response to NAC, or long-term survival
(Supplementary Fig. 1). This lack of association was pre-
sumably because PMI primarily reflects the physical or
mechanical aspects of skeletal muscles. Therefore, the
increased incidence of postoperative pneumonia and
expectoration disorder among patients with low PMI were
probably due to deterioration of strength in the respira-
tory*! and swallowing** muscles.

Evaluating the “quality” of skeletal muscle with IMAC
has recently attracted attention.'*~'® The utility of IMAC
for predicting clinical outcomes was reported previously in
various cancers'+!64 However, to the best of the authors’
knowledge, the present study is the first to use IMAC to
evaluate muscle quality in patients with EC. We found a
significant association between IMAC, on its own, and
adverse events related to NAC, clinical response to NAC,
and development of postoperative morbidity (Supplemen-
tary Table 2). The relationship between intramuscular fat
accumulation and cancer treatment outcomes has been
reported in Japan and Western countries. However, most
reports that evaluated intramuscular fat accumulation with
the IMAC were studies from Japan. Therefore, a consensus

on the standardization or optimization of the method for
evaluating intramuscular fat accumulation remains a future
challenge.

The detailed mechanisms that link high IMAC to the
tumor response remain unclear. Zoico et al. suspected that
adipose tissue infiltration into skeletal muscle, which was
observed on histological examination, might be associated
with high mRNA expression of pro-inflammatory factors,
including interleukin (IL)-6 and suppressor of cytokine
signaling 3 (SOCS-3).* These mediators might disturb the
immune system and tumor microenvironment, which could
lead to a poor response to chemotherapy and unfavorable
survival. Accordingly, in contrast to the PMI, adipose tis-
sue infiltration into muscle might reflect the inflammatory
aspects of skeletal muscle. Thus, the novel sarcopenia
criterion, based on both the PMI and IMAC, might reflect
both the mechanical and inflammatory aspects of skeletal
muscle. For this reason, this combination might be a better
predictor of clinical outcomes than either factor alone, in
patients with EC. In this study, severe sarcopenia was
associated with OS and RFS, but not with CSS. This
finding might be explained by the fact that the severe
sarcopenia group had a higher proportion of death from
other diseases compared with the nonsevere group (31.8%
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TABLE 3 (A) Relationship between severe sarcopenia and postoperative complications” and (B) univariable and multivariable analyses of

potential predictors of overall complications

(A) Complication Severe sarcopenia (n = 37) Nonsevere (n = 296) P value
Overall complications 25 (67.6%) 114 (38.5%) 0.001
Pneumonia 12 (32.4%) 44 (14.9%) 0.007
Anastomotic leak 4 (10.8%) 17 (5.7%) 0.232
Expectoration disorder 14 (37.8%) 40 (13.5%) < 0.001
Arrhythmia 5 (13.5%) 31 (10.5%) 0.574
(B) Univariable analysis Multivariable analysis

Variable OR (95% CI) P value OR (95% CI) P value
Sex (male vs female) 1.17 (0.59-2.32) 0.658

Age (= 65 vs < 65 years) 2.17 (1.34-3.51) 0.002 1.77 (1.07-2.92) 0.026
ASA (3vs 1.2) 1.23 (0.44-3.48) 0.692

BMI (< 19 vs > 19) 1.15 (0.69-1.91) 0.597

PNI (< 40 vs > 40) 0.94 (0.49-1.81) 0.856

Reconstruction organ (jejunum vs gastric tube) 3.90 (1.36-11.2) 0.007 1.57 (0.37-6.70) 0.545
Reconstruction route (subcutaneous vs others) 3.27 (1.49-7.20) 0.002 2.01 (0.68-5.97) 0.207
Approach (open thoracotomy vs VATS) 1.19 (1.33-1.89) 0.457

Operation time (> median vs < median) 1.39 (0.90-2.16) 0.136

Blood loss (> median vs < median) 1.76 (1.13-2.75) 0.011 1.53 (0.97-2.43) 0.069
Sarcopenia (severe vs nonsevere) 3.33 (1.61-6.88) 0.001 2.69 (1.27-5.68) 0.010

ASA-PS American Society for Anesthesiologists physical status, BMI body mass index, PNI Prognostic Nutritional Index, VATS video-assisted

thoracic surgery

4All complications classified according to Clavien—-Dindo classification (grades > 2)

vs 10.8%, P = 0.180). Furthermore, we examined the
recurrence sites and found significantly more cases of
distant metastatic recurrence in the severe sarcopenia group
than in the nonsevere group (severe vs nonsevere: 82.3% vs
53.1%, P = 0.022). In cases of severe sarcopenia, chronic
inflammation may cause immune escape of tumor cells, by
mechanisms such as T-cell exhaustion. Thus, our finding
might be due to immune escape, which can affect systemic
recurrence more than locoregional recurrence.

This study had several limitations. First, it was a retro-
spective cohort study conducted at a single institution,
which could have introduced a potential selection bias.
Second, the present study did not examine whether inter-
ventions, such as rehabilitation or nutritional support,
during preoperative treatment contribute to the mainte-
nance and improvement of muscle mass and muscle
quality; in fact, active exercise and nutritional management
were reported to improve muscle strength effectively in
both healthy individual*® and patients with cancer.*® A
future prospective study should be performed to investigate
the effectiveness of nutritional and exercise interventions
during NAC in EC patients. Third, severe sarcopenia was
diagnosed by using cutoff values for PMI and IMAC based
on data from healthy subjects; however, these cutoff values
were not optimized for diagnosing sarcopenia. In fact,

more than half of the male patients in this study were
assigned to the low-PMI group and also to the low-IMAC
group. Thus, assessments performed with these cutoff
values might not have detected patients with “true” sar-
copenia. Moreover, optimal cutoff values might vary
according to ethnicity, nationality, lifestyle, and clinical
setting; consequently, the values used here might not be
universally applicable. Optimizing the cutoff values for
PMI and IMAC is the greatest challenge in CT-based
sarcopenia studies. Finally, we diagnosed sarcopenia using
only CT-based parameters, similar to previous studies. The
European Working Group on Sarcopenia in Older People
(EWGSOP) recommends a set of approaches for diagnos-
ing sarcopenia, including muscle mass, handgrip strength,
and gait speed. Further study is necessary to evaluate
associations between these CT-based parameters and the
actual strength and functional capacity of skeletal muscle.

In conclusion, we found that severe sarcopenia, a novel
category characterized by low PMI and high IMAC, was
associated with the clinical response to chemotherapy,
postoperative complications, and long-term survival, in a
large series of patients with EC who underwent NAC fol-
lowed by surgery. In the future, a prospective study with a
large number of patients would be necessary to validate our
findings. Nevertheless, the present study provides
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FIG. 3 a Overall, b recurrence-free, and ¢ cancer-specific survival
among four groups, classified according to PMI and IMAC values. a,
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patients with severe sarcopenia (blue) in d overall survival,
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TABLE 4 Univariable and
multivariable analyses of
potential predictive factors of
overall survival

Variable

Univariable analysis Multivariable analysis

HR (95% CI)

HR (95% CI) P value
P value
Sex (male vs female) 1.19 (0.67-2.10) 0.550
Age (> 65 vs < 65 years) 1.06 (0.75-1.49) 0.760
ASA (3vs 1.2) 1.58 (0.80-3.11) 0.184
BMI (< 19 vs > 19) 1.15 (0.78-1.69) 0.487
cT (1-2 vs 3-4) 1.50 (1.03-2.20) 0.036 1.52 (1.04-2.22) 0.032
cN (0 vs 1-3) 1.13 (0.78-1.66) 0.514
PNI (< 40 vs > 40) 1.32 (0.76-2.29) 0.323
NLR (= 2.5 vs < 2.5) 0.83 (0.60-1.16) 0.271
mGPS (0-1 vs 2) 0.86 (0.45-1.64) 0.678
VFA (> 100) 1.17 (0.81-1.67) 0.398
NAC regimen (ACF vs DCF) 1.25 (0.86-1.81) 0.246
ARDI (< 70% vs > 70%) 1.28 (0.76-2.16) 0.522
Sarcopenia (severe vs nonsevere) 1.66 (1.05-2.61) 0.029 1.68 (1.07-2.65) 0.025

ASA-PS American Society for Anesthesiologists physical status, BMI body mass index, PNI Prognostic
Nutritional Index, NLR neutrophil-lymphocyte ratio, mGPS modified Glasgow Prognostic Scale, VFA
visceral fat area, NAC neoadjuvant chemotherapy, DCF docetaxel, cisplatin, fluorouracil (5-FU), ACF
adriamycin, cisplatin, 5-FU, ARDI average relative dose intensity
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important information that might ultimately lead to
improved clinical outcomes in patients with EC who must
undergo multimodal treatments.
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