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index measured by computed tomography
with survival in patients with esophageal
squamous cell carcinoma
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Abstract

Background Conventional nutritional metrics are closely associated with the prognosis of patients with radically
resected esophageal squamous cell carcinoma (ESCC). Nevertheless, the prognostic implications of muscle and adi-
pose tissue composite indexes in ESCC remain unknown.

Methods We retrospectively analyzed clinicopathological data of 304 patients who underwent resected ESCC. To
obtain measurements of the muscle and adipose indexes, preoperative computed tomography (CT) images were
used to quantify skeletal-muscle adipose tissue. The diagnostic threshold for muscle-adipose imbalance was deter-
mined using X-tile software and used to analyze the association between the muscle-adipose index (MAI) and sur-
vival. Instantaneous risk of recurrence was assessed using a hazard function. We constructed a nomogram based

on the MAIl and other clinical characteristics and established a novel predictive model with independent prognostic
factors. The prognostic capabilities of these nomograms were evaluated using calibration curves, receiver operating
characteristic (ROC) curves, and decision-curve analysis (DCA).

Results The overall survival (OS) and disease-free survival (DFS) rates in the muscle-adipose-balanced group were
significantly better than those in the muscle-adipose-imbalanced group. Multivariate analyses revealed that the MAI,
prognostic nutritional index (PNI), tumor stage, and tumor differentiation were independent prognostic factors

for OS and DFS in patients with resected ESCC (P< 0.05). The nuclear density curve indicated a lower risk of recur-
rence for patients in the muscle-adipose-balanced group than that for their imbalanced counterparts. Conversely,
the nuclear density curve for PNI was confounded. Postoperative radiotherapy- (RT) benefit analysis demonstrated
that patients with ESCC in the muscle-adipose-balanced group could benefit from adjuvant RT.

Conclusion This study confirmed that preoperative MAI could serve as a useful independent prognostic factor
in patients with resected ESCC. A nomogram based on the MAI and other clinical characteristics could provide
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individualized survival prediction for patients receiving radical resection. Timely and appropriate nutritional supple-

ments may improve treatment efficacy.

Keywords Muscle-adipose index, Esophageal squamous cell carcinoma, Nutrition indicators, Body composition

indicators, Prognosis

Background

Esophageal squamous cell carcinoma (ESCC) is a pri-
mary histological subtype of esophageal cancer that
accounts for approximately 70-80% of cancer cases in
China [1, 2]. Despite advancements in diagnostic and
therapeutic strategies, the overall 5-year survival rate of
ESCC has only marginally improved, remaining between
15 and 20% [3]. Patients with esophageal cancer are pre-
disposed to nutritional risks owing to metabolic and
feeding-related issues. Consequently, the preoperative
nutritional status of patients with esophageal carcinoma
(EC) is gaining increasing attention, as it has been con-
firmed to influence prognosis [4]. Therefore, assessing
the nutritional status of patients with EC is crucial for
risk stratification and provides valuable insights for pre-
dicting survival outcomes.

Recent studies have identified a range of nutrition-
related markers such as body mass index (BMI), prog-
nostic nutritional index (PNI), and controlling nutritional
status (CONUT) score, which are important markers for
evaluating the nutritional status of patients with EC prior
to surgery [4, 5]. While BMI calculated from measured
height and weight do not reflect body composition indi-
cators, two constituents of weight, muscle and adipose
tissue, have unique associations with survival outcomes
[6]. Additionally, preoperative hematological indica-
tors serve as the basis for serum albumin concentration
(ALB), CONUT score, and PNI. A retrospective study
demonstrated that EC patients with PNI<50 or CONUT
score >4 had worse survival [4]. However, these indica-
tors vary and may not comprehensively reflect nutritional
fluctuations [7]. Recently, software developments have
made it feasible to exploit clinically obtained computed
tomography (CT) images to assess body composition.
This approach proposes the application of body com-
position indexes (BClIs), which include the quantity and
quality of muscle, and the distribution of adipose tissues,
as new indicators to evaluate nutritional status in many
malignancies [8]. Sarcopenia and high visceral adipose
tissue levels increase cancer-related mortality [4].

This study comprehensively analyzed the relationship
between the survival prognosis of patients with resected
ESCC and BCI, which combines the muscle and adipose
tissues. We compared the prognostic significance of the
muscle-adipose index (MAI) and other conventional
nutritional indicators in patients with ESCC. Moreover, a

predictive nomogram based on the MAI and other clini-
cal characteristics was constructed.

Methods

Patients

We recruited 304 patients with ESCC who underwent
radical esophagectomy between June 2015 and March
2019 at the Affiliated Hospital of Jiangnan University
(187 cases), and the Affiliated Suzhou Hospital of Nanjing
Medical University (117 cases). The following case selec-
tion criteria were defined: (1) postoperative pathology-
confirmed ESCC; (2) RO excision; (3) radical resection
with stages TNM I-III; (4) no distant organ metastasis;
and (5) clinicopathological data, including biochemi-
cal indicators examined in blood recorded within 3
days prior to surgery, and body composition parameters
measured by CT within a month before surgery. Post-
operative tumor staging was performed using the TNM
staging system (AJCC on Cancer, 8th edition). This study
adhered to the Declaration of Helsinki and was approved
by the Affiliated Hospital of Jiangnan University and the
Affiliated Suzhou Hospital of Nanjing Medical University.

Nutritional assessment

The traditional nutritional indexes used in this study
were defined and calculated as follows: (1) PNI was cal-
culated using the formula PNI=10X serum albumin (g/
dl)+0.005 x total lymphocyte count. A cutoff point of
46 was selected [9, 10]. (2) The CONUT score was cal-
culated from the serum albumin, total lymphocyte count,
and total cholesterol (TC) levels. Patients were classi-
fied into two categories: low CONUT scores (0-4) and
high CONUT scores (>4) [11]. (3) The Naples prognos-
tic score (NPS) was calculated using four serum indi-
cators: ALB, TC, lymphocyte-to-monocyte ratio, and
neutrophil-to-lymphocyte ratio. Based on their final
scores (0-2), patients were classified into three groups
[12]. (4) BMI was calculated as weight/height® (kg/
m?). (5) Hypoproteinemia was defined as an ALB level
of <35 g/L.

Body composition assessment

The abdominal muscles and adipose tissues were meas-
ured using CT scans at the L3 vertebral and umbilical lev-
els, respectively [13, 14]. These muscles include the rectus
abdominis, psoas, quadratus lumborum, paraspinal,



Qian et al. World Journal of Surgical Oncology (2024) 22:61

transverse abdominal, external oblique, internal oblique,
and rectus abdominis [7]. The adipose tissues included
subcutaneous adipose tissue. Owing to the quantification
inaccuracy of visceral adipose tissue, only subcutaneous
fat was analyzed in this study [15]. The cross-sectional
areas of the muscle and adipose tissues were quanti-
fied in square centimeters by two trained researchers,
and component discrimination was conducted using 3D
Slicer software with tissue-specific Hounsfield units [16].
The square of height was utilized as the standardization
metric for body-composition assessment in this study,
allowing for the computation of both muscle and adipose
indices (cm?/m?). Considering the different prognos-
tic implications of the adipose index in male and female
patients, two distinct definitions have been used for the
MAL For male patients, the formula involved multiply-
ing the adipose index by the muscle index, whereas for
female subjects, the ratio of the muscle index to the adi-
pose index was used [7, 17] (Fig. 1). The threshold value
of the MALI in the two gender groups was defined using
X-tile software. Patients who scored below and above the
defined cutoff value were categorized into the muscle-
adipose imbalanced and balanced groups, respectively.

Treatment

The McKeown and Ivor-Lewis procedures with two- or
three-field lymph node dissection are the primary surgi-
cal options for patients [18-20]. Patients pathologically
diagnosed with T4 tumors and/or positive lymph nodes
underwent postoperative radiotherapy (RT) (45-50.4
Gy) with or without chemotherapy (cisplatin and fluoro-
pyrimidine) within six weeks of surgery. Some patients
with T3 tumors and risk factors are advised to undergo

adipose index
(adipose cross-sectional
area/height?)

Fig. 1 Muscle-adipose index Obtaining and Calculating
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postoperative treatment. In this study, patients received
follow-up assessments every three months during the
initial two-year period, followed by biannual evaluations
over a subsequent three-year duration, and annual evalu-
ations from the fifth year onward. The primary endpoints
of the present investigation included overall survival
(OS) and disease-free survival (DES). OS represents the
duration between the operation and death or last visit,
whereas DES represents the interval from the surgery for
ESCC to the first occurrence or cancer-related death. The
final follow-up was conducted in May 2022.

Statistical analysis

The R software (version 4.2.1 and Medcalc 17.9 (MedCalc
Software bvba, Ostend, Belgium) was used for all statisti-
cal analyses. Chi-squared tests or Fisher’s exact tests were
used to analyze categorical variables, whereas continuous
variables were evaluated using a t-test. OS and DFS rates
were calculated using the Kaplan—Meier method and dif-
ferences were assessed using log-rank tests. A Cox pro-
portional hazards regression model was used to analyze
the relationship between survival and prognostic factors
in both univariate and multivariate analyses. The DFS
hazard function was used to estimate the recurrence haz-
ard and peak recurrence time, with the event criterion
being any recurrence. Hazard rate (HR) was estimated
using the kernel smoothing method. Statistical signifi-
cance was defined as a two-sided P-value < 0.05.

Results

Patient characteristics

The baseline characteristics of the enrolled patients
are shown in Table 1. This study included 304 patients

o Male
= muscle index - .
Ij:j (muscle cross-sectional MAI = muscle index*
SHZ area/height?) muscle- adipose index
mm) adipose index

(MAI) [ )
calculation MAI = muscle index/
adipose index

Female
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Table 1 Baseline clinicopathological characteristics of esophageal squamous cell carcinoma patients

Characteristics Gender Muscle-Adipose Index
Female (N=100) Male (N=204) P Unbalance (N=173) Balance (N=131) P

Age (years) 0.153 0.623
<65 56 (56%) 133 (65.2%) 105 (60.7%) 84 (64.1%)
>65 44 (44%) 71 (34.8%) 68 (39.3%) 47 (35.9%)

BMI 0.206 0.669
Mean +SD 23477 +£3.567 2292943534 23.185+3.658 23.009+3.409

Sum of adipose tissue (cm?/m?) <0.001 0.514
Mean+SD 63.798+9.822 55.497 +6.498 58.497+9.837 57.872+6.834

Sum of muscle (cm?/m?) <0.001 <0.001
Mean +SD 37.972+10.292 43418+8.168 36.200£6.976 48.794+6.694

Tumor length (cm) 0.086 0.894
Mean +SD 4.108+1.974 4501+£1.817 4.360+1.848 4.389+1.920

Vessel invasion 0.989 0.928
Negative 87 (87%) 177 (86.8%) 151 (87.3%) 113 (86.3%)
Positive 13 (13%) 27 (13.2%) 22 (12.7%) 18 (13.7%)

Perineural invasion 0.155 0.301
Negative 86 (86%) 160 (78.4%) 144 (83.2%) 102 (77.9%)
Positive 14 (14%) 44 (21.6%) 29 (16.8%) 29 (22.1%)

Differentiation 0.128 0.763
Well 11 (11%) 33 (16.2%) 26 (15%) 18 (13.7%)
Moderate 64 (64%) 138 (67.6%) 112 (64.7%) 90 (68.7%)
Poor 25 (25%) 33 (16.2%) 35 (20.2%) 23 (17.6%)

Tumor location 0.232 0.568
Upper 5 (5%) 4(1.9%) 17 (9.8%) 12 (9.2%)
Middle 48 (48%) 112 (54.9%) 95 (54.9%) 65 (49.6%)
Lower 47 (47%) 88 (43.1%) 61 (35.3%) 54 (41.2%)

TNM stage 0.203 0.665
I 28 (28%) 44 (21.6%) 44 (25.4%) 28 (21.4%)
Il 44 (44%) 83 (40.7%) 72 (41.6%) 55 (42%)
Il 28 (28%) 77 (37.7%) 57 (32.9%) 48 (36.6%)

Adjuvant treatment 0450 0.098
No 75 (75%) 143 (70.1%) 131 (75.7%) 87 (66.4%)
Yes 25 (25%) 61 (29.9%) 42 (24.3%) 44 (33.6%)

Albumin (g/L) 0917 0.709
Mean+SD 40.762+5.526 40.695+5.164 40.816+5.547 40.587+4.915

NPS 0.602 0.829
1 23 (23%) 44 (21.6%) 36 (20.8%) 31 (23.7%)
2 47 (47%) 87 (42.6%) 78 (45.1%) 56 (42.7%)
3 30 (30%) 73 (35.8%) 59 (34.1%) 44 (33.6%)

PNI 0.731 0.131
Mean+SD 50.872+7.134 51.152+5.606 50.597+6.267 51.671+£5937

COUNT 0.621 0477
Normal/light 75 (75%) 146 (71.6%) 129 (74.6%) 92 (70.2%)
Moderate 25 (25%) 58 (28.4%) 44 (25.4%) 39 (29.8%)

Abbreviations: ALB Serum albumin concentration, BMI Body mass index, CONUT Controlling nutritional status, MAl Muscle-adipose index, PNI Prognostic nutritional
index, SD Standard deviation
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diagnosed with ESCC (204 male and 100 female patients).
The average age at diagnosis of all the patients included
in this study was 60.5 years, ranging from 30 to 85 years.
Of all the patients, 72 (23.7%) were in TNM I stage, 127
(41.8%) were in TNM II stage, and 105 (34.5%) were in
TNM III stage. The mean adipose and muscle indexes for
all patients were 58.22 cm?/m? and 41.63 cm?/m?, respec-
tively. Upon comparing the clinical characteristics, sig-
nificant differences were noted in the adipose and muscle
indexes across the male and female groups (all P<0.05).
Conversely, no notable discrepancies were observed
in the other clinicopathological data between the two
groups (all P>0.05).

Analysis of the effect of MAI on the prognosis of ESCC
patients

X-tile analysis was performed to investigate the OS and
DES of patients with ESCC who underwent surgery. The
aim of this study was to identify the minimum P-value
of the log-rank test and establish a diagnostic cutoff
value for the male- and female-specific muscle-adipose-
imbalanced and balanced groups. The results indicated
that patients in both female and male groups with a high
MALI had better OS and DFS than those with a low MAI
(all P<0.05). In the female group, the diagnostic cut-
off value was set at 0.6, and the survival (OS, P=0.005;
DES, P=0.028) of the balanced group (51 cases) was bet-
ter than that of the imbalanced group (49 cases) (Sup-
plementary Figs. 1, 2). In the male group, the diagnostic
cutoff value was set at 2453.6, and the survival of the bal-
anced group (117 cases) (OS, P=0.035; DFS, P=0.024)
was better than that of the the imbalanced group (87
cases) (Supplementary Figs. 3, 4). Figure 2 displays the
Kaplan—Meier curves of OS and DFS for ESCC patients
in the imbalanced and balanced groups. The 5-year OS
and DES rates of the balanced group were significantly
higher than those of the imbalanced group (OS: bal-
anced, 44.2%; imbalanced, 25.3%, P=0.002; DFS: bal-
anced, 43.5%; imbalanced, 23.1%, P=0.003).

Univariate and multivariate analyses were performed
using the Cox proportional hazards regression model
to identify clinical characteristics that were significantly
associated with OS (Table 2) and DFS (Table 3). The
results indicated that tumor differentiation, TNM stage,
PNI, NPS, and MALI served as independent prognostic
markers for both overall survival (OS) and disease-free
survival (DFS).

Influence of the MAI and PNI on immediate postoperative
recurrence risk

The influence of MAI and PNI on immediate postopera-
tive recurrence risk in ESCC cases was further analyzed.
The findings depicted in Fig. 3A demonstrate that the
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risk of postoperative recurrence in the muscle-adipose-
imbalance-group was significantly greater than that in
the balanced group (imbalanced: 0.048, balanced: 0.029).
Patients in the imbalanced group showed a higher pro-
pensity for recurrence than those in the balanced group.
Instantaneous recurrence risk after surgery was assessed
using the PNI. The nuclear density curve in Fig. 3B
reveals that owing to their mixed characteristics, the
recurrence risk in both groups could not be stratified
after approximately 4 years.

Impact of the MAI on the benefits of postoperative
radiotherapy

The association between the MAI and the benefits of
postoperative RT was further explored. The results
showed that muscle-adipose-balanced ESCC patients
with risk factors could benefit from postoperative RT in
both OS (P=0.004) and DFS (P=0.006) (Fig. 4 A, B). No
significant survival benefit from adjuvant RT was found
in the muscle-adipose-imbalanced group (OS, P=0.22;
DFS, P=0.27) (Fig. 4 C, D).

Nomogram construction and model comparison

The results obtained through multivariate analyses,
tumor differentiation, TNM stage, and MAI were used
to establish a nomogram to predict 3- and 5-year OS and
DES for patients with ESCC (Fig. 5A, B). The C-indexes
of the nomograms for OS and DFS were 0.67 and 0.68,
respectively. The areas under the curves (AUCs) for
3- and 5-year OS were 0.614 and 0.669, respectively
(Fig. 5C). Figure 5D shows that the AUCs for the 3- and
5-year DFS were 0.621 and 0.673, respectively. Good con-
sistency concerning the 3- and 5-year OS and DFS prob-
abilities was observed in the calibration curves between
the actual observations and nomogram predictions
(Fig. 5E, F). Decision curve analysis was used to com-
pare the clinical efficacy (OS and DES) of the nomogram
with that of tumor differentiation, TNM stage, and MAI
alone based on the threshold probability. The nomogram
provided an excellent predictive model superior to that
of tumor differentiation, TNM stage, and MAI alone
(Fig. 5G, H), which was consistent with the results of the
receiver operating curve (ROC) curve comparisons (Sup-
plementary Figs. 5, 6).

Discussion

In this study, we introduced an innovative male/female-
specific BCI, referred to as the MAI, which effectively
combines muscle and adipose components. The associa-
tion between this BCI and survival prognosis in ESCC
was analyzed and found found that MAI could serve as
an independent prognostic factor of OS and DFS. Fur-
thermore, a novel nomogram incorporating MAI and
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Fig. 2 Kaplan-Meier analysis for overall survival (A) and disease-free survival (B) with or without muscle-adipose imbalance

other independent prognostic factors was conducted.
This study highlights the importance of conducting
body-composition assessment prior to surgery to provide
individualized survival prediction and treatment strate-
gies for patients with resected ESCC.

Previous studies have confirmed that body composi-
tion is closely associated with the survival of patients
with several malignancies. Bekki et al. found that hepa-
tocellular carcinoma patients with a low skeletal muscle
index (SMI) prior to surgery had poor OS [21]. Preopera-
tive SMI can serve as an independent disease recurrence
indicator in colon cancer [22]. Oguma et al. observed
that sarcopenia is an independent prognostic indicator

of OS and DFS in patients [23]. However, another study
by Kemper et al. showed a negative relationship between
SMI before treatment and OS in patients with EC [24].
Two meta-analysis revealed that pretreatment sarco-
penia was significantly associated with poor OS in EC
patients [25, 26]. In addition, high levels of visceral adi-
pose tissue were positively associated with the risk of
recurrence in patients with colorectal cancer [27, 28]. In
contrast, a negative relationship was observed between
visceral adipose tissue levels and postoperative prognosis
in patients with upper gastrointestinal cancer [29]. Mat-
sui et al. conducted a meta-analysis to explore the asso-
ciation between adipose tissue levels and postoperative
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prognosis in patients with gastrointestinal cancer [30].
Results showed that high visceral fat levels were closely
associated with improved OS after surgery in patients
with gastrointestinal cancer. However, many patients
with digestive tumors suffer from eating disorders and
malnutrition, leading to the simultaneous loss of adipose
and muscle tissues, especially in EC. Hagens et al. found
that the levels of adipose and muscle tissue were closely
associated with survival prognosis, and the combination
of these two indicators had better prognostic accuracy
than any single indicator [31, 32]. Therefore, in this study
of patients with resected ESCC, we introduced the MAI
that integrates two BClIs, muscle and adipose. This novel
index is sex specific and aims to provide clinicians with a
comprehensive tool for individual survival prediction and
treatment-strategy development.

Traditional nutritional indicators based on blood
chemistry and cells are crucial parameters that provide

valuable insights into the nutritional status of patients
prior to surgery. The CONUT score, calculated using
ALB, plasma cholesterol, and total lymphocyte count in
the blood, was confirmed as a survival prognosis indi-
cator in EC patients undergoing esophagectomy [33].
The results of another meta-analysis revealed that PNI
could be utilized for survival prediction in patients with
EC, and a lower PNI was an unfavorable prognostic fac-
tor closely associated with poor prognosis [34]. A retro-
spective study by Feng et al. demonstrated that the NPS
could serve as a valuable prognostic indicator for indi-
vidual survival prediction in resected ESCC patients [18].
The CONUT score, PNI, and NPS were also analyzed in
our data cohort, and the prognostic prediction trends of
these three nutritional indicators were consistent with
those of previous studies. However, other factors, includ-
ing blood volume, autoimmune and inflammatory condi-
tions, etc., also influence these nutritional indicators [35,
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Fig. 4 Kaplan—-Meier analysis for overall survival (A) and disease free survival (B) in the muscle-adipose balanced group (A, B)
and the muscle-adipose imbalanced group (C, D) according to with or without postoperative adjuvant radiotherapy (ART)

36]. The MAI might be considered more objective than
unstable nutritional indicators based on hematological
factors. In this study, the MAI and PNI were identified
as independent prognostic indicators after univariate and
multivariate analyses.

Although the Kaplan—-Meier method is an essential
tool for demonstrating cumulative probabilities over
time, the hazard function provides valuable informa-
tion on the instantaneous risk of recurrence. The MAI
outperformed the PNI in assessing the risk of recur-
rence, as shown in our further analyses. The instanta-
neous recurrence risk of patients with ESCC could be
well stratified by the MAI, whereas the PNI was con-
founded after a 4-year follow-up period. Our findings
indicate that utilizing the MAI for preoperative nutri-
tional assessment may be a superior alternative to

using the PNI. By incorporating multiple factors and
assessing their individual weights, the nomogram can
enhance the prediction accuracy and practicability. In
this study, three variables—tumor differentiation, TNM
stage, and MAI—were selected to establish the nomo-
gram, facilitating its application in clinical practice.
Recently, the significant influence of body composi-
tion on the prognosis of patients undergoing RT has
attracted increasing attention. For example, Iwashita
et al. found that sarcopenia is closely associated with
poor survival in patients with EC receiving radical irra-
diation [37]. Another retrospective study demonstrated
that sarcopenia is an effective indicator of prognosis in
patients with ESCC undergoing RT [38]. Poor tolerance
and frequent RT breaks in patients with sarcopenia
may result in poor prognosis. In our study, we further
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Table 2 Univariate and multivariate analysis for overall survival ~ Table 3 Univariate and multivariate analysis for disease-free

in all patients survival in all patients
Variable Univariable Multivariable Variable Univariable (DFS) Multivariable (DFS)
HR (95% Cl) P HR (95% Cl) P HR (95% CI) P HR (95% CI) P

Gender Gender

Female 1 Female 1

Male 0.83 (0.62-1.10) 0.198 Male 0.84 (0.63-1.12) 0.242
Age (years) Age (years)

<65 1 <65 1

>65 0.90 (0.68-1.20) 0484 >65 0.87 (0.66-1.15) 0.329
Tumor length (cm) Tumor length (cm)

<3 1 <3 1

>3 0.95 (0.70-1.30) 0.765 >3 097 (0.72-1.32) 0.867
Vessel invasion Vessel invasion

Negative 1 Negative 1

Positive 1.06 (0.71-1.58) 0.769 Positive 1.07 (0.72-1.59) 0.726
Perineural invasion Perineural invasion

Negative 1 Negative 1

Positive 1.26 (0.90-1.76) 0.185 Positive 1.24(0.88-1.73) 0214
Tumor location Tumor location

Upper 1 Upper 1

Middle 1.02 (0.64-1.62) 0.939 Middle 1.11 (0.69-1.76) 0.671

Lower 0.90 (0.55-1.47) 0.677 Lower 0.97 (0.60-1.57) 0.889
Differentiation Differentiation

Well 1 1 Well 1 1

Moderate 148 (0.95-2.31) 0.081 1.39(0.89-2.18) 0.151 Moderate 142(0.92-2.19) 0114 1.33(0.86-2.07) 0.205

Poor 2.32(1.40-3.83) 0.001 1.94 (1.16-3.24) 0.012 Poor 2.22(1.36-3.64) 0.002 1.88(1.14-3.11) 0.014
TNM TNM

| 1 1 | 1 1

Il 1.28 (0.88-1.86) 0.203 121 (0.83-1.77) 0322 Il 1.24(0.86-1.79) 0.255 1.17 (0.80-1.70) 0415

11 1.73(1.18-2.53) 0.005 1.51(1.02-2.23) 0.039 Il 1.64 (1.13-2.38) 0.010 146 (1.00-2.15) 0.049
Adjuvant treatment Adjuvant treatment

Yes 1 Yes 1

No 1.32(0.96-1.82) 0.089 No 1.32 (0.96-1.81) 0.089
NPS NPS

0 1 1 0 1 1

1 1.54(1.03-2.29) 0.034 142 (0.95-2.12) 0.091 1 1.40 (0.95-2.06) 0.088 1.30(0.88-1.92) 0.194

2 2.09(1.39-3.15) <0.001 1.70 (1.11-2.59) 0.014 2 1.90 (1.28-2.82) 0.001 1.59 (1.06-2.38) 0.025
Albumin (g/L) Albumin (g/L)

<35 <35

>35 0.71(0.50-1.01) 0.058 >35 0.79 (0.56-1.12) 0.179
PNI PNI

<46 1 1 <46 1 1

>46 0.63 (0.46-0.85) 0.003 0.71 (0.52-0.98) 0.036 >46 0.64(0.47-0.87) 0004 0.71(0.52-0.9) 0.028
COUNT COUNT

Normal/light 1 Normal/light 1

Moderate 1.22 (0.97-1.45) 0.064 Moderate 1.25(0.86-1.55) 0.072
MAI MAI

Unbalance 1 1 Unbalance 1 1

Balance 0.64 (0.48-0.85) 0.002 0.67 (0.50-0.90) 0.007 Balance 0.65 (0.49-0.87) 0.003 0.70 (0.53-0.93) 0.014
Abbreviations: ALB Serum albumin concentration, BMI Body mass index, CI Abbreviations: ALB Serum albumin concentration, BMI Body mass index, C/
Confidence interval, CONUT controlling nutritional status, HR Hazard ratio, MA/ Confidence interval, CONUT Controlling nutritional status, HR Hazard ratio, MA/

Muscle-adipose index, PN/ Prognostic nutritional index, SD Standard deviation Muscle-adipose index, PNI Prognostic nutritional index, SD Standard deviation
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Fig. 5 Nomogram predicting the overall survival (A) and disease-free survival (B) of patients with resected esophageal squamous cell carcinoma.
Area under the receiver operating characteristic curve for 3- and 5-year overall survival (C) and disease-free survival (D) Calibration curves show

good consistency in the probabilities of 3- and 5-year overall survival (E) and disease-free survival (F) between the nomogram predictions

and the actual observations. Decision curve analysis comparing the OS (G) and DFS (H) of the nomogram with tumor differentiation, TNM stage,
and MAI alone, based on the threshold probability

analyzed the influence of the MAI on the benefits of
adjuvant RT. We found that patients with muscle-adi-
pose-balanced ESCC benefited from postoperative RT.
In this study, the survival prognostic value of the
MALI was explored for the first time (to our knowledge)

in resected ESCC, and a nomogram based on the MAI
and other clinical characteristics was constructed and

demonstrated exceptional accuracy and effectiveness
as a tool for survival prediction. However, this study
had several limitations. First, a potential bias could not
be avoided due to its retrospective nature. Second, the

Conclusion

In summary, the current study aimed to establish an
association between the MAI and survival outcomes
(OS and DEFS) in patients with resected ESCC. The

application of adjuvant RT in our study was non-rand-
omized, and information on the proportion of patients
receiving concomitant RT was unknown, leading to
possible selection bias. Third, the causal associations
could not be defined in any observational study.
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MALI has significant value in predicting postoperative
instantaneous recurrence risk and contributes to the
construction of a new prognostic predictive model for
patients with ESCC undergoing esophagectomy. Addi-
tionally, muscle-adipose-balanced ESCC may ben-
efit from postoperative RT. However, future validation
using large-scale external data is warranted to confirm
the conclusions of this study.

Abbreviations

cT Computed tomography

MAI Muscle adipose index

(&N Overall survival

DFS Disease-free survival

PNI Prognostic nutritional index
ESCC Esophageal squamous cell carcinoma
EC Esophageal carcinoma

BMI Body mass index

CONUT  Controlling nutritional status
ALB Albumin

BCI Body composition index
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HR Hazard rate
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AUC Area under the curve
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RT Radiotherapy

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512957-024-03338-0.

[ Supplementary Material 1. }

Acknowledgements
None.

Authors’ contributions

Danqi Qian drafted the primary manuscript. Yan Kong and Shengjun Ji
conceived and supervised this research and revised the manuscript. Shengjun
Jiand Yan Kong contributed to the design of this research. Dangi Qian, Peipei
Shen, and Jiahao Zhu collected and analyzed data. Jiahao Zhu contributed to
statistical analysis. All of these authors approve this manuscript publication.

Funding

This study was supported by the National Natural Science Foundation of
China (Grant No. 12205120), Wuxi Translational Medical Research Institute
Project Plan Funding (Grant No. LCYJ202339) and Top Talent Support Program
for young and middle-aged people of Wuxi Health Committee (Grant No.
HB2023059).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The present study adhered to the Declaration of Helsinki and was approved
by the Affiliated Hospital of Jiangnan University and the Affiliated Suzhou Hos-
pital of Nanjing Medical University. Informed consent was obtained from all
patients. This research was conducted ethically in accordance with the World
Medical Association Declaration of Helsinki.

Page 11 of 12

Consent for publication
Written informed consent was obtained from the patients for their
anonymized information to be published in this article.

Competing interests
The authors declare no competing interests.

Author details

!Department of Radiotherapy and Oncology, The Affiliated Hospital of Jiang-
nan University, Wuxi, Jiangsu 214000, People’s Republic of China. 2Department
of Radiotherapy and Oncology, The Affiliated Suzhou Hospital of Nanjing
Medical University, Gusu School, Nanjing Medical University, Suzhou, Jiangsu
215000, People’s Republic of China.

Received: 21 November 2023 Accepted: 14 February 2024
Published online: 22 February 2024

References

1. GBD 2019 Adolescent Young Adult Cancer Collaborators. The global bur-
den of adolescent and young adult cancer in 2019: a systematic analysis
for the global burden of disease study 2019. Lancet Oncol. 2022;23:27-52.
https://doi.org/10.1016/51470-2045(21)00581-7.

2. Morgan E, Soerjomataram |, Rumgay H, Coleman HG, Thrift AP, Vignat
J, et al. The global landscape of esophageal squamous cell carcinoma
and esophageal adenocarcinoma incidence and mortality in 2020 and
projections to 2040: new estimates from GLOBOCAN 2020. Gastroenterol-
0gy. 2022;163:649-658.e2. https://doi.org/10.1053/j.gastro.2022.05.054.

3. Rogers JE, Sewastjanow-Silva M, Waters RE, Ajani JA. Esophageal cancer:
emerging therapeutics. Expert Opin Ther Targets. 2022;26:107-17. https://
doi.org/10.1080/14728222.2022.2036718.

4. Wang PY, Chen XK, Liu Q, Xu L, Zhang RX, Liu XB, Li Y. Application of four
nutritional risk indexes in perioperative management for esophageal can-
cer patients. J Cancer Res Clin Oncol. 2021;147:3099-111. https://doi.org/
10.1007/500432-021-03585-8.

5. Deftereos |, Kiss N, Isenring E, Carter VM, Yeung JM. A systematic review
of the effect of preoperative nutrition support on nutritional status and
treatment outcomes in upper gastrointestinal cancer resection. Eur J
Surg Oncol. 2020;46:1423-34. https://doi.org/10.1016/j.ej50.2020.04.008.

6. Caan BJ, Cespedes Feliciano EM, Prado CM, Alexeeff S, Kroenke CH,
Bradshaw P, et al. Association of Muscle and Adiposity Measured by com-
puted tomography with survival in patients with nonmetastatic breast
cancer. JAMA Oncol. 2018;4:798-804. https://doi.org/10.1001/jamaoncol.
2018.0137.

7. LuJ, Xue Z, Xie JG, Xu BB, Yang HB, Wu D, et al. Preoperative muscle-adi-
pose index: a new prognostic factor for gastric cancer. Ann Surg Oncol.
2022;29:4595-607. https://doi.org/10.1245/510434-022-11509-0.

8. Holmes CJ, Racette SB. The utility of body composition assessment in
nutrition and clinical practice: an overview of current methodology.
Nutrients. 2021;13:2493. https://doi.org/10.3390/nu13082493.

9. OnoderaT, Goseki N, Kosaki G. Prognostic nutritional index in gastrointes-
tinal surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi.
1984;85:1001-5.

10. Jiang N, Deng JY, Ding XW, Ke B, Liu N, Zhang RP, Liang H. Prognostic
nutritional index predicts postoperative complications and long-term
outcomes of gastric cancer. World J Gastroenterol. 2014,20:10537-44.
https://doi.org/10.3748/wjg.v20.i30.10537.

11. Kuroda D, Sawayama H, Kurashige J, Iwatsuki M, Eto T, Tokunaga R, et al.
Controlling Nutritional status (CONUT) score is a prognostic marker
for gastric cancer patients after curative resection. Gastric Cancer.
2018;21:204-12. https://doi.org/10.1007/510120-017-0744-3.

12. Galizia G, Lieto E, Auricchio A, Cardella F, Mabilia A, Podzemny V, et al.
Naples prognostic score, based on nutritional and inflammatory status, is
an independent predictor of long-term outcome in patients undergo-
ing surgery for colorectal cancer. Dis Colon Rectum. 2017,60:1273-84.
https://doi.org/10.1097/DCR.000000000000096 1.

13. Zheng ZF, Lu J, Zheng CH, Li P, Xie JW, Wang JB, et al. A novel prognostic
scoring system based on preoperative sarcopenia predicts the long-term
outcome for patients after RO resection for gastric cancer: experiences


https://doi.org/10.1186/s12957-024-03338-0
https://doi.org/10.1186/s12957-024-03338-0
https://doi.org/10.1016/S1470-2045(21)00581-7
https://doi.org/10.1053/j.gastro.2022.05.054
https://doi.org/10.1080/14728222.2022.2036718
https://doi.org/10.1080/14728222.2022.2036718
https://doi.org/10.1007/s00432-021-03585-8
https://doi.org/10.1007/s00432-021-03585-8
https://doi.org/10.1016/j.ejso.2020.04.008
https://doi.org/10.1001/jamaoncol.2018.0137
https://doi.org/10.1001/jamaoncol.2018.0137
https://doi.org/10.1245/s10434-022-11509-0
https://doi.org/10.3390/nu13082493
https://doi.org/10.3748/wjg.v20.i30.10537
https://doi.org/10.1007/s10120-017-0744-3
https://doi.org/10.1097/DCR.0000000000000961

Qian et al. World Journal of Surgical Oncology

20.

21

22.

23

24.

25.

26.

27.

28.

29.

30.

31.

(2024) 22:61

of a high-volume center. Ann Surg Oncol. 2017;24:1795-803. https://doi.
0rg/10.1245/510434-017-5813-7.

Kim JH, Chin HM, Hwang SS, Jun KH. Impact of intra-abdominal fat on
surgical outcome and overall survival of patients with gastric cancer. Int J
Surg. 2014;12:346-52. https://doi.org/10.1016/}.ijsu.2014.01.010.

Li'S,QiuR, Yuan G,Wang Q, Li Z, Li Q, Zhang N. Body composition in rela-
tion to postoperative anastomotic leakage and overall survival in patients
with esophageal cancer. Nutrition. 2022;94:111534. https://doi.org/10.
1016/j.nut.2021.111534.

SliceOmatic [computer program]. Version 5.0. Montreal: TomoVision;
2015.

Okugawa Y, Toiyama Y, Yamamoto A, Shigemori T, Ide S, Kitajima T, et al.
Lymphocyte-C-reactive protein ratio as promising new marker for pre-
dicting surgical and oncological outcomes in colorectal cancer. Ann Surg.
2020,272:342-51. https://doi.org/10.1097/SLA.0000000000003239.

Feng JF, Zhao JM, Chen S, Chen QX. Naples prognostic score: a novel
prognostic score in predicting cancer-specific survival in patients

with resected esophageal squamous cell carcinoma. Front Oncol.
2021;11:652537. https://doi.org/10.3389/fonc.2021.652537.

Yang YS, Shang QX, Yuan Y, Wu XY, Hu WP, Chen LQ. Comparison of long-
term quality of life in patients with esophageal cancer after Ivor-Lewis,
McKeown, or sweet esophagectomy. J Gastrointest Surg. 2019,23:225-31.
https://doi.org/10.1007/511605-018-3999-z.

Helminen O, Mrena J, Sihvo E. Can we increase the resection rate by
minimally invasive approach? experience from 100 minimally invasive
esophagectomies. J Oncol. 2019;2019:3809383. https://doi.org/10.1155/
2019/3809383.

Bekki T, Abe T, Amano H, Hattori M, Kobayashi T, et al. Impact of low
skeletal muscle mass index and perioperative blood transfusion on

the prognosis for HCC following curative resection. BMC Gastroenterol.
2020;20:328. https://doi.org/10.1186/512876-020-01472-z.
Schaffler-Schaden D, Mittermair C, Birsak T, Weiss M, Hell T, Schaffler

G, Weiss H. Skeletal muscle index is an independent predictor of early
recurrence in non-obese colon cancer patients. Langenbecks Arch Surg.
2020;405:469-77. https://doi.org/10.1007/500423-020-01901-3.

Oguma J, Ozawa S, Kazuno A, Yamamoto M, Ninomiya Y, Yatabe K. Prog-
nostic significance of sarcopenia in patients undergoing esophagectomy
for superficial esophageal squamous cell carcinoma. Dis Esophagus.
2019;32:doy104. https://doi.org/10.1093/dote/doy104.

Kemper M, Molwitz |, Krause L, Reeh M, Burdelski C, Kluge S, et al. Are
muscle parameters obtained by computed tomography associated with
outcome after esophagectomy for cancer? Clin Nutr. 2021;40:3729-40.
https://doi.org/10.1016/j.clnu.2021.04.040.

Yao L, Wang L, Yin Y, Che G, Yang M. Prognostic value of pretreatment
skeletal muscle mass index in esophageal cancer patients: a meta-anal-
ysis. Nutr Cancer. 2022;74:3592-600. https://doi.org/10.1080/01635581.
2022.2088814.

Wang P, Wang S, Li X, Lin G, Ma Y, Xiao R, et al. Skeletal muscle wast-

ing during neoadjuvant therapy as a prognosticator in patients with
esophageal and esophagogastric junction cancer: a systematic review
and meta-analysis. Int J Surg. 2022;97:106206. https://doi.org/10.1016/j.
ijsu.2021.

Guiu B, Petit JM, Bonnetain F, Ladoire S, Guiu S, Cercueil JP, et al. Visceral
fat area is an independent predictive biomarker of outcome after first-
line bevacizumab-based treatment in metastatic colorectal cancer. Gut.
2010;59:341-7. https://doi.org/10.1136/gut.2009.188946.

Moon HG, Ju YT, Jeong CY, Jung EJ, Lee YJ, Hong SC, et al. Visceral

obesity may affect oncologic outcome in patients with colorectal
cancer. Ann Surg Oncol. 2008;15:1918-22. https://doi.org/10.1245/
510434-008-9891-4.

Harada K, Baba Y, Ishimoto T, Kosumi K, Tokunaga R, Izumi D, et al. Low
visceral fat content is associated with poor prognosis in a database of 507
upper gastrointestinal cancers. Ann Surg Oncol. 2015;22:3946-53. https://
doi.org/10.1245/510434-015-4432-4.

Matsui R, Watanabe J, Banno M, Inaki N, Fukunaga T. Association of
visceral adipose tissue with postoperative outcome in upper gastroin-
testinal cancer: a systematic review and meta-analysis. Am J Clin Nutr.
2022;116:1540-52. https://doi.org/10.1093/ajcn/ngac273.

Hagens ERC, Feenstra ML, van Egmond MA, van Laarhoven HWM, Hulshof
MCCM, Boshier PR, et al. Influence of body composition and muscle
strength on outcomes after multimodal oesophageal cancer treatment.

32.

33

34.

35.

36.

37.

38.

Page 12 of 12

J Cachexia Sarcopenia Muscle. 2020;11:756-67. https://doi.org/10.1002/
jcsm.12540.

Caan BJ, Meyerhardt JA, Kroenke CH, Alexeeff S, Xiao J, Weltzien E, et al.
Explaining the obesity paradox: the association between body composi-
tion and colorectal cancer survival (C-SCANS study). Cancer Epidemiol
Biomarkers Prev. 2017;26:1008-15. https://doi.org/10.1158/1055-9965.
EPI-17-0200.

Takagi K, Buettner S, ljizermans JNM, Wijnhoven BPL. Systematic review on
the Controlling Nutritional status (CONUT) score in patients undergoing
esophagectomy for esophageal cancer. Anticancer Res. 2020;40:5343-9.
https://doi.org/10.21873/anticanres.14541.

Liao G, Zhao Z, Yang H, Chen M, Li X. Can prognostic nutritional index be
a prediction factor in esophageal cancer?: a meta-analysis. Nutr Cancer.
2020;72:187-93. https://doi.org/10.1080/01635581.2019.1631859.

de Ulibarri Pérez JI, Fernandez G, Rodriguez Salvanés F, Diaz Lopez AM.
Nutritional screening; control of clinical undernutrition with analytical
parameters. Nutr Hosp. 2014;29:797-811. https://doi.org/10.3305/nh.
2014.29.4.7275.

Cengiz O, Kocer B, Stirmeli S, Santicky MJ, Soran A. Are pretreatment
serum albumin and cholesterol levels prognostic tools in patients with
colorectal carcinoma? Med Sci Monit. 2006;12:CR240-7.

Iwashita K, Kubota H, Nishioka R, Emoto Y, Kawahara D, Ishihara T, et al.
Prognostic value of radiomics analysis of skeletal muscle after radical irra-
diation of esophageal cancer. Anticancer Res. 2023;43:1749-60. https.//
doi.org/10.21873/anticanres.16328.

Qian J, SiY, Zhou K, Tian Y, Guo Q, Zhao K, Yu J. Sarcopenia is associated
with prognosis in patients with esophageal squamous cell cancer after
radiotherapy or chemoradiotherapy. BMC Gastroenterol. 2022;22:211.
https://doi.org/10.1186/512876-022-02296-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1245/s10434-017-5813-7
https://doi.org/10.1245/s10434-017-5813-7
https://doi.org/10.1016/j.ijsu.2014.01.010
https://doi.org/10.1016/j.nut.2021.111534
https://doi.org/10.1016/j.nut.2021.111534
https://doi.org/10.1097/SLA.0000000000003239
https://doi.org/10.3389/fonc.2021.652537
https://doi.org/10.1007/s11605-018-3999-z
https://doi.org/10.1155/2019/3809383
https://doi.org/10.1155/2019/3809383
https://doi.org/10.1186/s12876-020-01472-z
https://doi.org/10.1007/s00423-020-01901-3
https://doi.org/10.1093/dote/doy104
https://doi.org/10.1016/j.clnu.2021.04.040
https://doi.org/10.1080/01635581.2022.2088814
https://doi.org/10.1080/01635581.2022.2088814
https://doi.org/10.1016/j.ijsu.2021
https://doi.org/10.1016/j.ijsu.2021
https://doi.org/10.1136/gut.2009.188946
https://doi.org/10.1245/s10434-008-9891-4
https://doi.org/10.1245/s10434-008-9891-4
https://doi.org/10.1245/s10434-015-4432-4
https://doi.org/10.1245/s10434-015-4432-4
https://doi.org/10.1093/ajcn/nqac273
https://doi.org/10.1002/jcsm.12540
https://doi.org/10.1002/jcsm.12540
https://doi.org/10.1158/1055-9965.EPI-17-0200
https://doi.org/10.1158/1055-9965.EPI-17-0200
https://doi.org/10.21873/anticanres.14541
https://doi.org/10.1080/01635581.2019.1631859
https://doi.org/10.3305/nh.2014.29.4.7275
https://doi.org/10.3305/nh.2014.29.4.7275
https://doi.org/10.21873/anticanres.16328
https://doi.org/10.21873/anticanres.16328
https://doi.org/10.1186/s12876-022-02296-9

	Association of preoperative muscle-adipose index measured by computed tomography with survival in patients with esophageal squamous cell carcinoma
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Patients
	Nutritional assessment
	Body composition assessment
	Treatment
	Statistical analysis

	Results
	Patient characteristics
	Analysis of the effect of MAI on the prognosis of ESCC patients
	Influence of the MAI and PNI on immediate postoperative recurrence risk
	Impact of the MAI on the benefits of postoperative radiotherapy
	Nomogram construction and model comparison

	Discussion
	Conclusion
	Acknowledgements
	References


