www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN Predictive value of myosteatosis
and subcutaneous adipose tissue
on the prognosis of ESCC patients
undergoing chemoradiotherapy

Ling Xiao™3, Yudi Liu¥-3, Xue Zhang?, Xinyu Nie?, Jiahua Lyu%2* & Tao Li%?**

The relationship between CT-based body composition parameters and chemoradiotherapy outcomes
in patients with esophageal squamous cell carcinoma (ESCC) is unclear. This study aimed to clarify

the predictive value of myosteatosis and subcutaneous adipose tissue area (SATA) in ESCC patients
undergoing chemoradiotherapy. The study cohort consisted of 255 ESCC patients undergoing
chemoradiotherapy between January 2012 and December 2018. Body composition parameters, such
as mean muscle density in Hounsfield units (HU) and adipose tissue area at the third lumbar vertebra
(L3) level, were quantified on CT scans. Hazard ratios were estimated to establish the relationship
between pretreatment skeletal muscle density (preSMD) and adipose tissue area with the overall
survival (OS) rate. Optimal stratification was utilized to set threshold values. Kaplan—-Meier plots and
Cox proportional hazards models were developed to analyze survival distributions. Among 255 ESCC
patients who received chemoradiotherapy, the median survival time was 24.3 months (95% Cl 20.33-
33.8). Multivariate analysis revealed that tumor length (HR=1.547; 95% Cl 1.115-2.145; P =0.009),
clinical stage (HR=5.696; 95% Cl 2.053-15.798; P <0.001), and preSMD (HR=1.528; 95% CI 1.079-
2.169; P=0.017) were independent indicators for OS. Additionally, SATA emerged as an independent
predictor of preSMD (HR=0.991; 95% Cl 0.986-0.996; P =0.038). A nomogram integrating preSMD,
pretreatment subcutaneous adipose tissue area (preSATA), and independent prognostic factors
effectively predicts the prognosis of ESCC patients, supplementing the TNM staging system. The study
suggests that a prognostic model combining preSMD and preSATA effectively predicts the prognosis of
ESCC patients undergoing chemoradiotherapy.
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adipose tissue area

Abbreviations

AUC Area under the curve

BMI Body mass index

CT Computed tomography

ESCC Esophageal squamous cell carcinoma
HU Hounsfield units

KPS Karnofsky performance status

(O Overall survival

preSMD  Pretreatment skeletal muscle density
SMD Skeletal muscle density

SMI Skeletal muscle index

SATA Subcutaneous adipose tissue area
TATA Total adipose tissue area

VATA Visceral adipose tissue area
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Esophageal cancer is a significant malignancy on a global scale, with over 570,000 new cases diagnosed annually.
Particularly in China, it represents a significant health burden, accounting for 51% of global cases and 55% of
deaths. These rates rank sixth and fifth among oncological diseases, respectively:2. These statistics highlight the
severity of esophageal cancer and demonstrate the geographical predominance of different tumor subtypes—
adenocarcinoma in Western nations versus squamous cell carcinoma in China®*%.

While surgical resection is the treatment of choice for esophageal tumors, approximately 70% of patients are
diagnosed at advanced stages, making them either ineligible for or reluctant to undergo surgery. In these cases,
radical chemoradiotherapy is considered a standard care regimen®®. This is despite the advent of novel, promising
treatments, including molecular-targeted therapy and immunotherapy, which are yet to be established as the
current standard of care’. Factors such as high tumor mutation burden, metabolic abnormalities, and elevated
inflammation levels contribute to the worse prognosis in these patients®®. Therefore, identifying patients who
would benefit from standard treatments and developing individualized care plans to improve quality of life are
considerable challenges.

Sarcopenia is a pathological condition characterized by decreased muscle strength, reduced muscle mass, and
impaired physical functionality and is primarily observed in older adults'*-'2. A large-scale research has shown a
significant prevalence of sarcopenia among cancer patients (12.5-72.2%), which is closely linked to the patient’s
quality of life, responsiveness to treatment, and prognostic outcomes'>. Myosteatosis is a pathological condition
in which the fat content in skeletal muscle is abnormally increased. Imaging inspection technologies are used to
quantitatively assess the density of skeletal muscle. Among various muscle-related parameters, skeletal muscle
density (SMD) is one of the important indicators. Contemporary studies have demonstrated that a lower SMD
has a detrimental effect on the survival rates of patients with lung, pancreatic, rectal, and ovarian cancers!4-18,

Current studies on SMD in esophageal cancer patients undergoing chemoradiotherapy have not conclusively
established the correlation between SMD and patient prognosis.

The role of adipose tissue in determining esophageal cancer outcomes has been recognized, albeit with some
limitations'®?°. Moreover, the prognostic value of integrated muscle density with adipose tissue content in
chemoradiotherapy-treated esophageal squamous cell carcinoma (ESCC) patients remains unexplored.

Hence, this study endeavors to clarify the role of combined pretreatment SMD (preSMD) and the features
of adipose tissue in ESCC patients receiving chemoradiotherapy. It aims to elaborate a novel prognostic scoring
model based on these parameters for a more precise assessment of long-term treatment outcomes. Additionally,
it seeks to evaluate the predictive role of body composition metrics at different treatment stages and their
accuracy through subgroup comparative analyses. This approach is determined to employ more personalized
diagnostic and therapeutic strategies for esophageal cancer patients.

Methods

Participant recruitment

This investigation enrolled 255 patients diagnosed with ESCC who underwent radical chemoradiotherapy
between January 2012 and December 2018. The inclusion criteria encompassed (1) histopathological
confirmation of ESCC; (2) inoperability or refusal of surgical intervention; (3) Karnovsky Performance Status
(KPS) score> 70, a scale for evaluating patients’ functional status, widely used in clinical research to quantify
patients’ ability to perform daily activities and self-care; (4) should have received a minimum dose of 40 Gy
following radiotherapy; (5) availability of blood test results one week prior to initiating treatment; (6) absence of
distant metastases; and (7) staging in accordance with the seventh edition of the American Joint Committee on
Cancer (AJCC) TNM classification.

Treatment protocols

The selected participants were those undergoing radiotherapy; tumor targets and adjacent organs were delineated
using spiral computed tomography (CT) scans. The treatment modalities included three-dimensional conformal
or intensity-modulated radiotherapies, with a target of a prescribed dose range of 50-72 Gy distributed across
25-36 sessions and a total duration of 5-7 weeks. Dosage constraints were set to provide V20<25% for the
lungs, V30<40% for the heart, V40<30%, and a maximum spinal cord dose of<45.0 Gy. The administered
chemotherapeutic regimens varied, covering 1-6 cycles of platinum-based treatments, either as monotherapy or
in combination with other agents; the oral form of tigeol was administered to older adults, and raltitrexed was
administered to those intolerant to first-line chemotherapy.

Body composition assessment

Body composition was analyzed with CT images obtained from the PACS system at the Sichuan Cancer Hospital
Imaging Department. Two experienced radiologists, blinded to the clinical outcomes, utilized semiautomated
SliceOmatic software (version 5.0; Tomovision, Montreal, QC, Canada) for performing measurements. The
analysis was carried out by measuring the target areas on the cross-sectional images of the third lumbar vertebra
(L3), including skeletal muscles (psoas major, quadratus lumborum, erector spinae, transverse abdominis,
internal oblique, external oblique, and rectus abdominis), intra-muscular adipose tissue, subcutaneous adipose
tissue and visceral adipose tissue. The thresholds were set as follows: — 29 to 150 Hounsfield units (HU, red),
- 190 to — 30 HU (yellow), — 190 to — 30 HU (green), and — 150 to — 50 HU (blue), respectively. The total adipose
tissue area (TATA) is obtained by adding the subcutaneous adipose tissue area (SATA) and the visceral adipose
tissue area (VATA), which is helpful for assessing the distribution status of adipose tissue in the body (Fig. 1)*!.
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Fig. 1. Quantitative assessment of body composition using computed tomography at the third lumbar vertebra
(L3) level. Cross-sectional areas were measured for skeletal muscles (psoas major, quadratus lumborum,
erector spinae, transverse abdominis, internal oblique, external oblique, and rectus abdominis), intramuscular
adipose tissue, subcutaneous adipose tissue, and visceral adipose tissue. Tissue-specific Hounsfield unit (HU)
thresholds were defined as follows: skeletal muscle (- 29 to+ 150 HU, red), intramuscular adipose tissue (- 190
to—30 HU, yellow), subcutaneous adipose tissue (— 190 to —30 HU, green), and visceral adipose tissue (- 150
to—50 HU, blue).

Monitoring and follow-up

The patients were monitored at regular follow-up periods: quarterly in the first year, biannually for the
subsequent two years, and yearly thereafter. Follow-up assessments included physical examinations, blood tests,
ultrasonography, tumor marker evaluations, chest CT imaging, and esophageal barium studies. Outpatient visits
and telephone interviews both facilitated continuous patient tracking.

Statistical analysis

SPSS version 27.0 and RStudio version 4.3.1 were employed to carry out statistical analyses. The comparison
of continuous variables with a normal distribution was done with a t-test or ANOVA, while the X2 test was
applied for that of categorical data. The log-rank test determined optimal stratification for continuous variables
at different treatment stages, thus establishing cutoff values for SMD, SATA, VATAZ2, Patients were categorized
into low or high groups based on these thresholds. Survival analysis involved the Kaplan-Meier method and
log-rank test; uni- and multi-variate analyses were carried out with the Cox proportional hazards model. A
significance level of a=0.05 was set, with p <0.05 considered statistically significant.

Ethical conduct of research

This study was approved by the Medical Ethics Committee of Sichuan Cancer Hospital and was carried out in
accordance with the principles of the Helsinki Declaration and its amendments. Further, informed consent from
all participants was waived by the IRB because ofthe retrospective nature of this study. We confirm that the data
have been anonymized and confidentially analyzed.

Results

Characteristics of patients

A total of 255 patients with ESCC who fulfilled the inclusion criteria were recruited. The median age in the
cohort was 64 years, ranging from 34 to 87 years. Among these patients, 2.4% (n=6) exhibited a KPS score of
70, 42% (n=107) presented with a score of 80, and 55.7% (n=142) had a score of 90 or above; 37.6% (n=96)
had tumors primarily located in the midthoracic region, and 60.0% (n=153) manifested with tumors exceeding
5 cm in length. Most of these patients were in clinical stages III-IV (n=239; 96.7%); 84.7% (n=216) underwent
chemotherapy; the prevalence of sarcopenia was 23.1% (n=59), with the remaining 76.9% (n=196) not having
sarcopenia. The median preSMD was 36.4 (interquartile range [IQR]: 28.65, 41.975), while that of preSATA was
86.1 (IQR: 57.75, 119.75); the median preVATA was 72 (IQR: 39.25, 123.75) (Table 1).

Analysis of survival

The median survival duration for the whole study population was 24.3 months (95% CI 20.33-33.8). Univariate
analyses identified KPS, tumor length, clinical stage, body mass index (BMI), chemotherapy, and Sarcopenia as
the factors playing a significant role in overall survival (OS) (all p-values <0.05). Multivariate analysis revealed
that KPS (hazard ratio [HR] =0.294; 95% confidence interval [CI]=0.122-0.711; P=0.007), history of alcohol
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Characteristics ‘ Total (n, %) Men (n, %) ‘Women (n, %) P value
Survival state, n (%)

Live 90 (35.3%) 70 (27.5%) 20 (7.8%) 0.851
Dead 165 (64.7%) 130 (51%) 35 (13.7%)

Age, mean +sd 63.851+£9.3796 63.23+£9.4925 66.109 +8.6681 0.044
KPS, n (%)

70 6 (2.4%) 6 (2.4%) 0 (0%)

80 107 (42%) 84 (32.9%) 23 (9%) 0.505
90 140 (54.9%) 108 (42.4%) 32 (12.5%)

100 2 (0.8%) 2 (0.8%) 0 (0%)

Smoking history, n (%)

No 108 (42.4%) 55 (21.6%) 53 (20.8%)

Yes 147 (57.6%) 145 (56.9%) 2 (0.8%) <0001
Alcohol history, n (%)

No 115 (45.1%) 64 (25.1%) 51 (20%)

Yes 140 (54.9%) 136 (53.3%) 4 (1.6%) <0001
Tumor location, n (%)

Cervical 8(3.1%) 6 (2.4%) 2(0.8%)

Upper thoracic 53 (20.8%) 40 (15.7%) 13 (5.1%)

Middle thoracic 96 (37.6%) 74 (29%) 22 (8.6%) 0.440
Lower thoracic 86 (33.7%) 68 (26.7%) 18 (7.1%)

Abdominal 12 (4.7%) 12 (4.7%) 0(0%)

Tumor length(cm), n (%)

<5 102 (40%) 78 (30.6%) 24 (9.4%) 0.534
>5 153 (60%) 122 (47.8%) 31 (12.2%)

Clinical stage, n (%)

I-11 16 (6.3%) 13 (5.1%) 3(1.2%) 1000
II-1v 239 (93.7%) 187 (73.3%) 52 (20.4%)

BMI, mean+sd 21.759 £2.8645 21.295 (19.802, 23.258) | 22.03 (20.26, 24.68) | 0.190
RT dose, median (IQR) | 66 (62.1, 66) 66 (61.85, 66) 66 (64.35, 66) 0.413
Chemotherapy, n (%)

Yes 216 (84.7%) 171 (67.1%) 45 (17.6%)

No 39 (15.3%) 29 (11.4%) 10 (3.9%) 0302
Sarcopenia, n (%)

No 196 (76.9%) 153 (60%) 43 (16.9%)

Yes 59 (23.1%) 47 (18.4%) 12 (4.7%) 0793
preSMD, median (IQR) | 36.4 (28.65, 41.975) | 38.1 (30.95, 42.6) 29.2(22.7,36.15) <0.001
preSATA, median (IQR) | 86.1 (57.75,119.75) | 81.75 (54.475, 105.28) | 134.6 (88.8, 157.2) <0.001
preVATA, median (IQR) | 72 (39.25, 123.75) 69.8 (39.475, 125.67) 86 (47.5, 114.6) 0.500

Table 1. Distribution of background variables stratified by gender. KPS Karnofsky performance score, BMI
body mass index, pre- pretreatment, SMD skeletal muscle area, RT radiotherapy, SMI skeletal muscle index,
SATA subcutaneous adipose tissue area, SMD skeletal muscle density, VATA visceral adipose tissue area, IQR

inter quartile range, SD stand arddeviation.

consumption (HR=1.531; 95% CI 1.101-2.128; P=0.011), tumor length (HR=1.547; 95% CI 1.115-2.145;
P=0.009), clinical stage (HR =5.696; 95% CI 2.053-15.798; P <0.001), and preSMD (HR =1.528; 95% CI 1.079-
2.165; P=0.017) were independent indicators for prediction of outcomes in ESCC patients (Table 2, Fig. 2).

Correlation between preSMD and pathological characteristics

This study compared the levels of oreSMD and preSATA across subgroups based on age, KPS, tumor length,
and clinical stage, stratified by gender at different treatment stages, showing statistical significance (P <0.05,
Fig. 3). To assess the relationship between pathological characteristics and preSMD, univariate and multivariate
logistic regression analyses were performed. Univariate analysis showed that gender, age, alcohol consumption
history, clinical stage, BMI, SATA, and VATA were positively correlated with preSMD. Multivariate analysis
revealed that age (HR=0.962; 95% CI 0.940-0.986; P <0.001), alcohol consumption history (HR=2.255; 95%
CI 1.297-3.917; P=0.004), tumor length (HR=1.518; 95% CI 1.030-2.236; P =0.035), clinical stage (HR =3.234;
95% CI 1.374-7.612; P=0.007), BMI (HR=0.890; 95% CI 0.805-0.984; P=0.022), and preSATA (HR=1.725;

95% CI 1.072-2.775; P=0.025) were independent predictors of preSMD (Table 3, Fig. 4).
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Univariate analysis Multivariate analysis

Characteristics Total (N) | Hazard ratio (95% CI) | P value | Hazard ratio (95% CI) | P value
Gender 255

Male 200 Reference

Female 55 0.964 (0.664-1.401) 0.849

Age 255 1.012 (0.993-1.030) 0.217

KPS 255

70 6 Reference Reference

80 107 0.483 (0.210-1.110) 0.086 0.354 (0.145-0.866) 0.023
90 140 0.380 (0.166-0.872) 0.022 0.294 (0.122-0.711) 0.007
100 2 0.966 (0.195-4.795) 0.966 0.572 (0.107-3.051) 0.513
Smoking history 255

No 108 Reference

Yes 147 1.161 (0.851-1.585) 0.346

Alcohol history 255

No 115 Reference Reference

Yes 140 1.335 (0.979-1.821) 0.068 1.531 (1.101-2.128) 0.011
Tumor location 255

Cervical 8 Reference

Upper thoracic 53 2.242 (0.686-7.327) 0.181

Middle thoracic 96 2.234(0.701-7.118) 0.174

Lower thoracic 86 2.144 (0.670-6.860) 0.199

Abdominal 12 2.300 (0.622-8.505) 0.212
Tumor length(cm) 255

<5 102 Reference Reference

>5 153 1.511 (1.098-2.078) 0.011 1.547 (1.115-2.145) 0.009
Clinical stage 255

I-11 16 Reference Reference

II-1v 239 4.866 (1.800-13.153) 0.002 5.696 (2.053-15.798) <0.001
BMI 255 0.932 (0.880-0.987) 0.015 0.929 (0.853-1.011) 0.088
RT dose 255 1.012 (0.983-1.041) 0.430
Chemotherapy, n (%) | 255

Yes 216 Reference Reference

No 39 1.678 (1.122-2.510) 0.012 1.472 (0.949-2.283) 0.085
Sarcopenia, n (%) 255

Yes 59 Reference Reference

No 196 0.640 (0.453-0.905) 0.012 0.974 (0.642-1.477) 0.901
preSMD 255

> 373 116 Reference Reference

<373 139 1.301 (0.955-1.772) 0.096 1.528 (1.079-2.165) 0.017
preSATA 255

> 65 177 Reference Reference

<65 78 1.498 (1.083-2.072) 0.014 1.114 (0.664-1.869) 0.682
preVATA 255

> 55.5 161 Reference Reference

<555 94 1.443 (1.057-1.970) 0.021 1.042 (0.666-1.628) 0.858

Table 2. Univariate and multivariate Cox regression analyses of factors associated with overall survival.

KPS Karnofsky performance score, BMI body mass index, pre- pretreatment, SMD skeletal muscle area, RT
radiotherapy, SMI skeletal muscle index, SATA subcutaneous adipose tissue area, SMD skeletal muscle density,
VATA visceral adipose tissue area, IQR inter quartile range, SD stand arddeviation.

Development of a prognostic score model based on preSMD and preSATA

To further segregate patients based on treatment outcomes, we incorporated levels of preSMD and preSATA in
the model to create four subgroups. In model 1, patients with preSMD <37.3 and preSATA <65 manifested the
shortest survival rate, whereas in model 4, patients with preSMD > 37.3 and preSATA > 65 were characterized
by the longest survival rate (p=0.004, Fig. 4). Thus, we combined these two metrics to form the preSMD-SATA
index, defined as the product of preSMD and preSATA. A log-rank test for optimal stratification resulted in a
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Fig. 2. Kaplan-Meier survival analysis stratified by body composition parameters before and after treatment.
(A-C) Survival curves stratified by pre-treatment skeletal muscle density (SMD), subcutaneous adipose tissue
area (SATA), and visceral adipose tissue area (VATA), respectively; (D-F) survival curves stratified by post-
treatment SMD, SATA, and VATA, respectively.

cutoft value of 2,609.82, with high preSMD-SATA > 2,609.82 (n=103; 40.4%) and low preSMD-SATA < 2,609.82
(n=152; 59.6%). Clinicopathological factors significantly associated with preSMD-SATA included age, BMI,
chemotherapy, and Skeletal muscle index (SMI) (all p-values<0.05, Table 4). Additionally, survival analysis
based on preSMD-SATA classification demonstrated significantly better outcomes for the high preSMD-SATA
group compared to the low preSMD-SATA group (both p-values <0.05, Fig. 5).

Construction of a risk score prognostic model and prediction nomogram

We developed a prognostic model based on multifactorial Cox regression to enhance the quantitative analysis of
treatment outcomes. The risk scores were positively associated with poorer prognoses. Analysis of the prognostic
heatmap and survival curves, including time-dependent survival curves for various risk scores, revealed
significant differences (p <0.05), indicating higher risk scores in patients were linked to lower survival rates. The
prognostic receiver operating characteristic curves demonstrated that the 1-, 3-, and 5-year area under the curve
(AUC) values were 68.8, 70.5, and 73.1, respectively, thus substantially outperforming the conventional TNM
staging system. Furthermore, for the purpose of precisely forecasting the prognosis of ESCC patients subjected
to chemoradiotherapy, we constructed a nomogram.Through the multivariate analysis implemented by the
COX risk regression model, we ascertained independent and prominently significant prognostic determinants,
namely KPS, Alcohol history, Tumor length, Clinical stage, and preSMD, with a P-value <0.05. These factors
were then integrated into the nomogram as cardinal variables and and serve as an effective complement to the
TNM staging system (Fig. 6).

Discussion

Since Rosenberg et al. first proposed the concept, sarcopenia has been universally recognized as an age-related
pathological condition with decreased muscle mass and strength. These changes may lead to grave consequences,
including falls and disabilities!®?*. Recent investigations have emphasized the high incidence of sarcopenia
among cancer patients, its negative impact on quality oflife, and its significant association with the adverse effects
of anticancer treatments and overall prognosis?*?. Our study demonstrates a comprehensive analysis of the
prognostic significance of preSMD and adipose tissue in predicting the clinical outcomes of esophageal cancer
patients undergoing chemoradiotherapy. The results showed that body composition parameters significantly
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Fig. 3. Comparative analysis of SMD and SATA distribution across different subgroups. (A,B) Box-and-
whisker plots showing the distribution of skeletal muscle density (SMD) across subgroups before and after
treatment, respectively; (C,D) Distribution of subcutaneous adipose tissue area (SATA) across subgroups

before and after treatment, respectively. KPS: Karnofsky performance status score.

correlated with OS (P <0.05). Through multivariate analysis, preSMD was outlined as an independent predictor
of survival in patients with ESCC. Additionally, preSATA was found to be significantly associated with preSMD.
A prognostic model was developed by combining preSMD and preSATA and visualized using a nomogram to

enhance the differentiation of patient groups based on their prognostic prospects.
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Univariate analysis Multivariate analysis

Characteristics Total (N) | Hazard ratio (95% CI) | P value | Hazard ratio (95% CI) | P value
Gender 255

Male 200 Reference Reference

Female 55 0.429 (0.236-0.780) 0.006 | 0.581 (0.286-1.180) 0.189
Age 255 0.957 (0.935-0.979) <0.001 | 0.962 (0.940-0.986) <0.001
KPS 255

70 6 Reference

80 107 0.650 (0.157-2.689) 0.552

90 140 0.724 (0.177-2.971) 0.654

100 2 1.755 (0.158-19.474) 0.647

Smoking history 255

No 108 Reference Reference

Yes 147 1.303 (0.893-1.901) 0.170 | 0.585 (0.336-1.017) 0.057
Alcohol history 255

No 115 Reference Reference

Yes 140 1.719 (1.177-2.510) 0.005 | 2.255(1.297-3.917) 0.004
Tumor location 255

Cervical 8 Reference

Upper thoracic 53 2.193 (0.513-9.372) 0.289

Middle thoracic 96 1.851 (0.446-7.689) 0.397

Lower thoracic 86 1.941 (0.467-8.068) 0.361

Abdominal 12 1.762 (0.354-8.780) 0.489

Tumor length (cm) 255

<5 102 Reference Reference

>5 153 1.392 (0.954-2.030) 0.086 | 1.518 (1.030-2.236) 0.035
Clinical stage 255

I-11 16 Reference Reference

II-1v 239 3.242 (1.414-7.437) 0.005 | 3.234 (1.374-7.612) 0.007
BMI 255 0.865 (0.805-0.930) <0.001 | 0.890 (0.805-0.984) 0.022
RT dose 255 0.982 (0.951-1.014) 0.262

Chemotherapy, n (%) | 255

Yes 216 Reference

No 39 0.950 (0.493-1.829) 0.877

Sarcopenia, n (%) 255

No 196 Reference

Yes 59 1.006 (0.620-1.631) 0.982
preSATA 255

> 65 177 Reference Reference

<65 78 2.684 (1.825-3.948) <0.001 | 1.725 (1.072-2.775) 0.025
preVATA 255

> 55.5 161 Reference Reference

<555 94 2.281 (1.581-3.291) <0.001 | 1.257 (0.771-2.049) 0.358

Table 3. Univariate and multivariate Cox regression analyses of factors associated with preSMD. KPS
Karnofsky performance score, BMI body mass index, pre- pretreatment, SMD skeletal muscle area, RT

radiotherapy, SMI skeletal muscle index, SATA subcutaneous adipose tissue area, SMD skeletal muscle density,

VATA visceral adipose tissue area, IQR inter quartile range, SD stand arddeviation.

To the best of our knowledge, existing literature primarily focuses on the prognostic implications of SMI
in ESCC patients, thus revealing a lack of standardized criteria for prognostic evaluations of SMI and SMD in
ESCC patients?’~*. An observational study found that 16.5% of patients who underwent radical esophagectomy
had skeletal muscle atrophy, while 51.8% had musculoskeletal lipolysis, further confirming that skeletal muscle
atrophy and intramuscular fat deposition are intricately connected with diminished OS rates?’. The results
of this research reflected a correlation between SMI and OS in survival analysis (p=0.013); however, in the
multivariate analysis, SMI was not found to be an independent prognostic factor. Conversely, SMD was shown
to be a significant prognostic determinant for ESCC patients undergoing radiotherapy and chemotherapy. While
skeletal muscle atrophy and intramuscular fat deposition serve as indicators of sarcopenia, these conditions
exhibit distinct features. Skeletal muscle atrophy primarily leads to a decrease in muscle mass, adversely affecting
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Fig. 4. Correlation analysis between pre-treatment SMD and clinical parameters. (A) Hierarchical clustering
heat map depicting correlations among all variables; (B-H) Pearson correlation analyses between pre-
treatment SMD and skeletal muscle index (SMI), visceral adipose tissue area (VATA), subcutaneous adipose
tissue area (SATA), total adipose tissue area (TATA), hemoglobin levels, body mass index (BMI), and age,

respectively.

a patient’s physical endurance, disease resistance, and recuperative capacity. Patients with low SMD exhibit
significant myosteatosis within skeletal muscles and structural degeneration, which leads to the disorder of
muscle fiber arrangement and mitochondrial dysfunction, ultimately resulting in systemic metabolic disorders.
In addition, this condition can trigger chronic low-grade inflammatory responses, manifested as the continuous
elevation of pro-inflammatory factors accompanied by an increase in oxidative stress, which accelerates protein
degradation, ultimately leading to a decline in the quality of life, poor treatment tolerance, and poor prognosis
of patients®>3!,
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Characteristics ‘ High group (n=152) ‘ High group (n=103) | P value
Survival state, n (%)
Live 61 (23.9%) 29 (11.4%)

0.040
Dead 90 (35.3%) 75 (29.4%)
Month, median (IQR) 28.7 (14.23, 46.785) 14.135 (7.6825, 36.72) | <0.001
Age, mean +sd 63 (57, 68) 66.5 (60, 73.25) 0.003
KPS, n (%)
70 2(0.8%) 4 (1.6%)
80 64 (25.1%) 43 (16.9%)

0.618
90 84 (32.9%) 56 (22%)
100 1 (0.4%) 1(0.4%)
Gender, n (%)
Male 115 (45.1%) 85(33.3%)

0.288
Female 36 (14.1%) 19 (7.5%)
Smoking history, n (%)
No 68 (26.7%) 40 (15.7%)

0.297
Yes 83 (32.5%) 64 (25.1%)
Alcohol history, n (%)
No 67 (26.3%) 48 (18.8%)

0.779
Yes 84 (32.9%) 56 (22%)
Tumor location, n (%)
Cervical 5(2%) 3(1.2%)
Upper thoracic 30(11.8%) 23 (9%)
Middle thoracic 59 (23.1%) 37 (14.5%) 0.933
Lower thoracic 49 (19.2%) 37 (14.5%)
Abdominal 8(3.1%) 4 (1.6%)
Tumor length(cm), n (%)
<5 67 (26.3%) 35(13.7%)

0.086
>5 84 (32.9%) 69 (27.1%)
Clinical stage, n (%)
I-11 12 (4.7%) 4 (1.6%)

0.184
I-1v 139 (54.5%) 100 (39.2%)
Chemotherapy, n (%)
No 14 (5.5%) 25(9.8%)

0.001
Yes 137 (53.7%) 79 (31%)
BMI, median (IQR) 22.49 (21.105,24.61) | 19.94 (18.66, 21.1) <0.001
preSMD, n (%)
<373 73 (28.6%) 66 (25.9%)

0.017
>37.3 78 (30.6%) 38 (14.9%)
Sarcopenia, n (%)
Yes 22 (8.6%) 37 (14.5%)

<0.001
No 129 (50.6%) 67 (26.3%)
preSATA, median (IQR) | 103.8 (82.4, 135.4) 54.05 (39.125, 83.3) <0.001
preVATA, median (IQR) | 96 (60.85, 133.85) 39.75 (22.675, 81.575) | <0.001

Table 4. Distribution of background variables stratified by preSMD-SATA. KPS Karnofsky performance score,
BMI body mass index, pre- pretreatment, SMD skeletal muscle area, RT radiotherapy, SMI skeletal muscle
index, SATA subcutaneous adipose tissue area, SMD skeletal muscle density, VATA visceral adipose tissue area,
IQR inter quartile range, SD stand arddeviation.

A prospective clinical study conducted on patients with advanced esophageal and gastric cancers receiving
first-line palliative chemotherapy showed an association between SMD and an increased occurrence of grade
3-4 toxicities. However, no significant correlation between low SMD and survival outcomes was detected
(p=0.787)%. To elucidate the prognostic significance of SMD in esophageal cancer, we examined several
potentially involved factors. First, tumor burden variability was assessed. Contrary to prior studies, which
focused on advanced esophageal and gastric cancer patients who typically exhibited compromised physical
conditions, we found that the extent of tumor burden and therapeutic efficacy were pivotal points in determining
survival rates. Second, the histological subtype of esophageal cancer proved to be a critical determinant: most
patients in the referenced studies had adenocarcinoma (83%), whereas our research exclusively covered
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Fig. 5. Impact of pre-treatment SMD-SATA combinations on overall survival. (A) Kaplan-Meier survival
curves stratified by four distinct SMD-SATA phenotypes: Model 1 (pre-treatment SMD <37.3 HU and

SATA <65 cm?), Model 2 (pre-treatment SMD > 37.3 HU and SATA <65 cm?), Model 3 (pre-treatment
SMD <37.3 HU and SATA > 65 cm?), and Model 4 (pre-treatment SMD > 37.3 HU and SATA > 65 cm?); (B-
C) Survival curves comparing pre- and post-treatment SMD-SATA combinations, respectively.

squamous cell carcinoma cases (100%). Esophageal adenocarcinoma is strongly associated with obesity-related
dietary habits and gastroesophageal reflux disease, whereas ESCC is more commonly linked to smoking,
alcohol consumption, and elevated intake of hot beverages®2. Lastly, the selection of SMD cutoff values appears
to be a crucial factor in explaining outcome disparities. Because of the variations in body composition, the
threshold values for SMI and SMD differ. For instance, a study by Tamandl et al. on postsurgical esophageal
cancer patients indicated significantly poorer OS rates for those with SMD <40 HU?. Considering the generally
lower involvement of Asian populations in our study compared to that of European and American cohorts, this
investigation adopted SMI cutoffs adjusted to Asians: 40.8 cm?*/m? for men and 34.9 cm?*/m? for women, with a
pretreatment sarcopenia incidence of 23.1% (n=59). The selected SMD cutoff composed 37.3 HU, revealing a
musculoskeletal liposis prevalence of 54.1% that aligned with prior findings*’. Nonetheless, these cutoff values
warrant further validation across broader populations, including ESCC patients of diverse ethnic backgrounds
and exhibiting various pathological types, to ascertain the most effective thresholds.

In terms of adipose tissue analysis, a retrospective examination of 485 advanced gastric cancer patients
identified that a reduction in preoperative visceral adipose tissue served as an independent prognostic
postsurgical factor'. Han et al.* applied a deep learning algorithm to differentiate subcutaneous adipose tissue
(SAT) and visceral adipose tissue in lumbar spine CT scans. They discovered that the SAT index in cachexic
patients had significantly lower values than in their noncachexic counterparts and that this correlation was
associated with shorter survival rates among cachexia patients with low SAT indices. This is consistent with
our findings displaying that higher levels of visceral and subcutaneous fat relate to higher OS. Moreover,
preSATA appeared to be a predictive marker for preSMD, suggesting that integrating SMD with SATA enhances
prognostic accuracy, yet another study mentioned no significant impact of subcutaneous fat area index and
visceral fat area index on OS and progression-free survival rates?s. While obesity is known to be involved in the
development of various cancers®, the underlying mechanisms remain poorly understood. Notably, esophageal
cancer is frequently observed to occur concomitantly with malnutrition; adipose tissue serves as a crucial
energy reserve, reflecting nutritional status. Persistent energy underconsumption exacerbates malnutrition risk,
causing progressive depletion of muscle and fat mass®*>*”. Based on the above research results, it is postulated
that preSMD holds the potential to serve as a cardinal reference index for pre-treatment risk stratification in
cancer patients. Specifically, quantitative determination of skeletal muscle density by local CT images before
radiotherapy can help identify high-risk patients, thereby facilitating the optimization of treatment strategies.
For example, for patients with reduced preSMD, preoperative nutritional supplementation, anti-inflammatory
treatment, and exercise rehabilitation can be performed to improve skeletal muscle condition and enhance
patients’ tolerance to subsequent treatment methods. In addition, patients with lower preSMD may require more
stringent monitoring during radiotherapy and personalized treatment and rehabilitation blueprints to reduce
the incidence of complications and improve long-term survival outcomes. Future studies can further analyze the
specific advantages of interventions in improving the prognosis of patients with reduced preSMD.

Nonetheless, this study is subject to limitations. Being a retrospective study design, it primarily relied on
imaging assessments of body composition without concurrent evaluation of muscle function. Additionally,
potential biases are present due to the limited sample size and single-center nature of the study. Future validation
through multicenter, prospective studies employing larger cohorts is essential. Furthermore, the specific interplay
between sarcopenia and muscle density requires deeper analysis.

This research represents a pioneering effort to consolidate preSMD and preSATA as combined body
composition parameters in the evaluation of ESCC patients receiving chemoradiotherapy. It emphasizes the
necessity for meticulous assessment and early intervention for patients falling into the high-risk category
according to these parameters.
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Fig. 6. Development and validation of ECSS prognostic risk score model incorporating pre-treatment SMD-
SATA parameters. (A) Forest plot depicting risk factors in the prognostic model with hazard ratios and 95%
confidence intervals; (B) time-dependent receiver operating characteristic (ROC) curves with area under
the curve (AUC) values; (C) risk-stratified survival curves based on the derived risk score; (D-F) decision
curve analyses for 1-year, 3-year, and 5-year survival predictions, respectively; (G) prognostic nomogram
incorporating independent predictive factors; (H) calibration plots comparing predicted versus observed

survival probabilit

Conclusions

ies.

These findings highlight the need for additional clinical studies to elucidate the impact of body composition
metrics on ESCC prognosis, facilitating the development of more personalized and effective therapeutic

strategies.
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