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Background: Patients with gastric cancer (GC) have a high recurrence rate after surgery. To predict
disease-free survival (DFS), we investigated the value of body composition changes (BCCs) measured by
quantitative computed tomography (QCT) in assessing the prognosis of patients with GC undergoing
resection combined with adjuvant chemotherapy and to construct a nomogram model in combination with
clinical prognostic factors (CPFs).

Methods: A retrospective study of 60 patients with GC between February 2015 and June 2019 was
conducted. Pre- and posttreatment CT images of patients was used to measure bone mineral density
(BMD), subcutaneous fat area (SFA), visceral fat area (VFA), total fat area (TFA), paravertebral muscle
area (PMA), and the rate of BCC was calculated. CPFs such as maximum tumor diameter (M'TD), human
epidermal growth factor receptor-2 (HER2), and Ki-67 were derived from postoperative pathological
findings. Independent prognostic factors affecting DFS in GC were screened via univariate and multivariate
Cox regression analysis. The Kaplan-Meier method and log-rank test were used to plot survival curves and
compare the curves between groups, respectively. Receiver operating characteristic (ROC) curves, calibration
curves, and decision curves to evaluate the efficacy of the nomogram.

Results: The results of multivariate Cox regression analysis showed that ABMD [hazard ratio (HR): 4.577;
95% confidence interval (CI): 1.483-14.132; P=0.008], APMA (HR: 5.784; 95% CI: 1.251-26.740; P=0.025),
HER2 (HR: 4.819; 95% CI: 2.201-10.549; P<0.001), and maximal tumor diameter (HR: 3.973; 95% CI:
1.893-8.337; P<0.001) were independent factors influencing DFS. ABMD, ASFA, AVFA, ATFA, and APMA
were -3.86%, -23.44%, -19.57%, -22.45%, and -5.94%, respectively. The prognostic model of BCCs
combined with CPF's had the highest predictive performance. Decision curve analysis (DCA) indicated good
clinical benefit for the prognostic nomogram. The concordance index of the prognostic nomogram was 0.814,
and the area under the curve (AUC) of predicting 2- and 3-year DFS were 0.879 and 0.928, respectively. The
calibration curve showed that the nomogram-predicted DFS aligned well with the actual DFS.
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Conclusions: The prognostic nomogram combining BCCs and CPFs was able to reliably predict the DFS

of patients with GC.
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Introduction

Gastric cancer (GC) is the fifth most common cancer in the
world and the third most common cause of cancer death (1).
The early symptoms of GC are hidden, and most patients are
in a progressive stage when diagnosed. The primary treatment
for early- and middle-stage GC is surgical resection combined
with adjuvant chemotherapy. Even with reasonable and
effective treatment, the rate of postoperative recurrence and
metastasis in patients ranges as high as 50-70% (2,3).

Therefore, it is essential to predict the prognosis of patients
after surgery. Currently, the primary methods for postoperative
reexamination of patients with GC include routine computed
tomography (CT) scans and clinical prognostic factors
(CPFs) such as carcinoembryonic antigen (CEA) screening.
However, sometimes the results of these examinations differ
from the patient’s actual condition. Unobvious # situ tumor
recurrence or nonenlarged lymph node metastasis are easily
missed. CPFs such as CEA can lead to false-negative and false-
positive results. Therefore, it is necessary to establish a reliable
prognosis model to predict the prognosis of patients with GC
after surgery and provide opportunities for improving the
follow-up strategy and quality of life.

The features examined in this study included bone
mineral density (BMD), adipose tissue, and skeletal muscle.
Most patients with cancer are prone to complications such
as malnutrition and loss of muscle mass due to decreased
physical activity, insufficient food intake, and catabolic
disorders during treatment, resulting in changes in body
composition and even cachexia (4,5), which seriously affect
the prognosis and quality of life of these patients. Related
studies have shown that a decrease in BMD and muscle
mass and an increase in adipose tissue occur during cancer
treatment, and these are strongly associated with overall
survival (OS) and disease-free survival (DFS) in patients
with cancer after surgery (6-9). Currently, there is a lack of
relevant research on the body composition changes (BCCs)
before surgery and after adjuvant chemotherapy for GC.
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CT is widely used in the follow-up of patients with
cancer, and imaging data are easy to obtain. Quantitative
computed tomography (QCT) is an accurate and
reproducible 3-dimensional imaging technique that
measures changes in BMD, skeletal muscle, and adipose
tissue during a patient’s treatment.

"The purpose of this study was to explore the relationship
between body composition analysis based on CT and
DEFS of patients with GC receiving surgery combined
with adjuvant chemotherapy and to construct a prognostic
nomogram of BCC combined with CPF to provide a
dependable method for assessing the prognosis of patients
with GC who undergo surgery and adjuvant chemotherapy.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-309/rc).

Methods

This retrospective study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013) and was
approved by the Institutional Ethics Committee of Anhui
Provincial Cancer Hospital (No. 2023-YXK-01). Individual
consent for this retrospective analysis was waived.

Patients

A retrospective study was conducted on patients with GC
confirmed by pathology from February 2015 to June 2019
who had received surgery and chemotherapy in Anhui
Provincial Cancer Hospital. Patients who met the following
criteria were included in the study: (I) with complete
clinical data; (II) no other primary tumors; (III) high-
quality, interpretable CT follow-up images; (IV) no other
treatment, except for surgery and chemotherapy for GC,
performed before or after the CT scan.

Patients with GC should be followed up every 3 months
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for 1-2 years, every 6 months for 2-5 years, and every year
after for 5 years. In this study, patients with GC were
followed up mainly through outpatient, inpatient, and
telephone contact. All patients were followed up until the
appearance of recurrence, metastasis, or the follow-up cut-
off time (June 2022) was reached. Clinical data for study
enrollment included age, gender, CEA, human epidermal
growth factor receptor-2 (HER2), Ki-67, clinical stage,
maximum tumor diameter (M'TD), number of preoperative
lymph node metastases, and vessel carcinoma embolus. DFS
was considered to be the time from surgery to the first local
recurrence, distant metastasis, or the last follow-up.

Treatment

All operations were performed by experienced gastrointestinal
surgeons. The standard surgical approach includes proximal
and distal partial gastrectomy or total gastrectomy, which
may be accompanied by peripheral lymph node dissection.
Postoperatively, 5-fluorouracil (S-1 and capecitabine) and
platinum (oxaliplatin and cisplatin) chemotherapeutic
agents were administered, and patients received 1 course
of chemotherapy every 3 weeks for a total of 6 courses.
Chemotherapy modalities included intravenous drip or oral
administration.

CT protocol

The CT image before treatment was obtained by scanning
within 1 month before surgery, and the CT image after
treatment was obtained by scanning 1 month after the end
of adjuvant chemotherapy. CT images were analyzed before
and after treatment. All patients were examined on a 64-
MDCT scanner (Discovery CT 750 HD, GE HealthCare,
Chicago, IL, USA). The CT scan parameters were as
follows: a scan layer thickness of 5 mm, a reconstruction
layer thickness of 1.25 mm, a voltage of 120 kVp, a current
of 250 mA, and a 50-cm display field of view (DFOV).

CT-based body composition measurements and analysis

All CT images were transferred to a QCT Pro workstation
(version 4.2.3, Mindways Software, Austin, TX, USA).
According to the guidelines of the American Radiological
Society for QCT measurement of BMD (10), the first
lumbar vertebra (I.1) and the second lumbar vertebra (1.2)
were used to measure BMD. On the axial, sagittal, and
coronal images, the region of interest (ROI) was located

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

at the center of the L1 and L2 vertebral bodies. The area
of the ROI was about 300 mm’ and included as much
cancellous bone as possible and as little cortical bone as
possible. The average BMD of the L1 and L2 vertebrae was
calculated using the “3D spine exam analysis” function in
the QCT Pro workstation. According to previous studies,
the area of adipose tissue and skeletal muscle corresponding
to the middle level of the third lumbar vertebra (L.3) can
be used to estimate whole body fat and muscle (11,12).
The total fat area (TFA), visceral fat area (VFA), and
subcutaneous fat area (SFA) at the level of L3 were
automatically obtained by using the “tissue composition”
and “auto snake” functions in the QCT Pro workstation.
The “Tissue Composition Module” function was then used
to manually contour the paravertebral muscle (PMA) group,
including the multifidus muscle and the erector spine
muscle, to obtain the cross-sectional area of PMA. The
measurement of body composition is presented in Figure 1.
The QCT measurement of body composition was
separately performed by 2 attending physicians. Due
to the difference in CT scanning time interval between
each patient before and after treatment, standardization
was required, which involved calculating the change rate
of BMD, SFA, VFA, TFA, and PMA for 120 days and
expressing these as ABMD, ASFA, AVFA, ATFA, and
APMA, respectively. The BCC rate calculation formula was
as follows: (parameter,,  eumene — PATAMELET ereatmens) X 120 d/
(PATAMCLET e X HMECT st ) X 100%.

Statistical analysis

SPSS 26.0 IBM Corp., Armonk, NY, USA) and R 4.2.2
software (The R Foundation for Statistical Computing) were
used for statistical analysis. This study converted continuous
variables into binary variables using the maximum Youden
index and clinical reference range value. Kaplan-Meier
analysis was used to calculate DFS and construct the
survival curve. The log-rank test was used to compare the
survival curves between groups. According to the median
DFS, all patients were divided into a good prognosis
group and a poor prognosis group. The Chi-squared test
or Fisher exact test was used to determine the correlation
of each variable with patient prognosis. The independent
prognostic factors affecting the prognosis of patients with
GC were identified using univariate and multivariate Cox
regression analysis. A nomogram was constructed based on
the results of multivariate Cox regression analysis (P<0.05
for variables) to predict the probability of 2-year DFS and
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Figure 1 Schematic representation of body compositions measured with quantitative computed tomography. (A) Bone mineral density of the
L1 and L2 vertebrae as measured cross-sectionally. The yellow circle indicates the region of interest for measuring bone density. (B) Bone
mineral density of the L1 and L2 vertebrae as measured sagittally. The yellow horizontal line indicates the line of localization of the 1st and
2nd lumbar vertebrae in the sagittal position. (C) Measurement of the paravertebral muscle’s cross-sectional area at the L3 vertebral layer. The
green curve indicates the area where the paravertebral muscles were measured. (D) Total fat area, visceral fat area, and subcutaneous fat area

measurements at the L3 vertebral layer. The green curve indicates the area where abdominal fat is measured.

3-year DFS. The predictive performance of the model was Results

assessed via receiver operating characteristic (ROC) curves,

the Harrell concordance index (C-index), and decision In the study, 80 patients with GC who underwent surgical
curve analysis (DCA). adjuvant chemotherapy between 2015 and 2019 were initially
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Total patients identified
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_ | Patients excluded (n=12):

(n=80)

Y

Patients evaluated with

() Received neoadjuvant chemotherapy (n=9)
(1) Received radiation therapy (n=1)
(I) Combined with other primary tumors (n=2)

Patients excluded, with reasons (n=8):

(n=68)

Y

Patients included in final
analysis
(n=60)

Figure 2 Flowchart for patient inclusion. CT, computed tomography.

identified. After 20 patients were excluded (nine patients
received neoadjuvant chemotherapy, one patient received
radiotherapy, two patients had other primary tumors, three
patients had incomplete CT images before or after treatment,
and five patients had poor CT scanning quality), 60 patients
were finally included in the study. Referring to the study
of Ding et al. (13), we conducted a small sample study. The
detailed flowchart is shown in Figure 2.

A total of 120 CT scans were performed in 60 patients,
who ranged in age from 29 to 78 years old, with an average
age of 57.50+9.98 years. There were 48 male patients
(80%) and 12 female patients (20%). The median DFS was
55 months, and the median follow-up was 48 months. There
were 29 cases of recurrence and metastasis and 31 cases of
nonrecurrence and metastasis. The best critical points for
ABMD, ASFA, AVFA, ATFA, and APMA were ~0.41%,
-1.81%, -10.64%, -6.70%, and 0.83%, respectively. The
correlation between each variable and DFS is shown in
Table 1.

BCCs during treatment

The mean time interval between pre- and posttreatment
CT scans was 133 days in 60 patients, with a median time
interval of 129 days. Among them, the mean intervals
of CT scan for DFS <55 months (n=34) and DFS
>55 months (n=26) were 134 and 132 days, respectively, and
the median intervals were 129 and 135 days, respectively.
The intraobserver consistency of the measurements for
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CT measurements >

() Incomplete CT images before or after
treatment (n=3)
(I CT scan of insufficient quality (n=5)

ABMD, ASFA, AVFA, ATFA, and APMA was high, with
pretreatment intraclass correlation coefficients (ICCs) of
0.970, 0.908, 0.902, 0.938, and 0.953, respectively, and
posttreatment ICCs of 0.914, 0.903, 0.955, 0.928, and
0.947, respectively. BCC rate >0 or <0 was defined as
“increase” or “loss”, respectively. Table 2 shows the changes
in body composition during treatment every 120 days;
the rates of change for ABMD, ASFA, AVFA, ATFA, and
APMA were -3.86%, -23.44%, -19.57%, -22.45%, and
-5.94%, respectively. There were 19 patients with increased
BMD and 41 patients with decreased BMD, 15 patients
with increased SFA and 45 patients with decreased SFA, 12
patients with increased VFA and 48 patients with decreased
VFA, 16 patients with increased TFA and 44 patients with
decreased TFA, and 14 patients with increased PMA and 46
patients with decreased PMA.

BCCs and CPFs for survival

During treatment, BCC (including ABMD, ASFA, AVFA,
ATFA, and APMA) and CPF [including gender, age, CEA,
Ki-67, HER2, vessel carcinoma embolus, preoperative
lymph node metastasis, MTD, and the American Joint
Commission on Cancer (AJCC) tumor-node-metastasis
(TNM) stage] were analyzed by univariate analysis, which
showed that ASFA, AVFA, ATFA, gender, age, CEA, Ki-
67, vascular cancer thrombus, and tumor stage were not
associated with DFS (P>0.05), while ABMD, APMA,
HER?2, preoperative lymph node metastasis, and MTD
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Table 1 Basic characteristics of 60 patients with GC

Variable DFS <55 months DFS =55 months Ratio (%) P value

ABMD
<-0.41% 30 11 68.33 <0.001"
>-0.41% 4 15 31.67

ASFA
<-1.81% 26 15 68.33 0.121"
>-1.81% 8 11 31.67

AVFA
<-10.64% 23 12 58.33 0.568"
>-10.64% 11 14 41.67

ATFA
<-6.70% 26 14 66.67 0.065"
>-6.70% 8 12 33.33

APMA
<0.83% 32 15 78.33 0.001"
>0.83% 2 11 21.67

Gender
Male 27 21 80.00 0.896"
Female 7 5 20.00

Age
<50 years 5 5 16.67 0.733*
>50 years 29 21 83.33

CEA
<5 30 25 91.67 0.377*
>5 4 1 8.33

Ki-67
<50 8 5 21.67 0.689"
>50 26 21 78.33

HER2
Negative 17 20 61.67 0.034"
Positive 17 6 38.33

Vessel carcinoma embolus
No 26 16 70.00 0.211"
Yes 8 10 30.00

Table 1 (continued)
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Table 1 (continued)
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Variable DFS <55 months DFS =55 months Ratio (%) P value
Lymph node metastasis
No 6 12 30.00 0.017"
Yes 28 14 70.00
Maximum tumor diameter
<5 cm 15 20 58.33 0.0117
>5cm 19 6 41.67
Tumor stage
| 2 3 8.33 0.099*
A 0 3 5.00
1B 5 6 18.33
A 3 2 8.33
1B 7 10 28.33
e 17 2 31.67

T, Chi-squared test; *, Fisher exact test. GC, gastric cancer; DFS, disease-free survival; BMD, bone mineral density; SFA, subcutaneous fat
area; VFA, visceral fat area; TFA, total fat area; PMA, paravertebral muscle area; CEA, carcinoembryonic antigen; HER2, human epidermal

growth factor receptor-2.

Table 2 The change rate of body compositions in 60 patients with GC

Project BMD (mg/cm®) SFA (cm?) VFA (cm?) TFA (cm?) PMA (cm?)
Pretreatment 119.17+31.68 80.77+40.80 108.20+65.31 188.97+97.97 48.01+8.72
Posttreatment 113.51+30.37 58.43+41.46 74.94+52.82 133.50+85.92 44.75+8.41
Change rate (%) -3.86+9.56 -23.44+31.75 -19.57+38.74 -22.45+33.33 -5.94+8.11

Data are expressed as the mean + standard deviation. GC, gastric cancer; BMD, bone mineral density; SFA, subcutaneous fat area; VFA,

visceral fat area; TFA, total fat area; PMA, paravertebral muscle area.

were associated with DFS (P<0.05). The variables with
P<0.05 were subjected to multivariate analysis, and the
results showed that ABMD [hazard ratio (HR): 4.577; 95%
confidence interval (CI): 1.483-14.132; P=0.008], APMA
(HR: 5.784; 95% CI: 1.251-26.740; P=0.025), HER2 (HR:
4.819; 95% CI: 2.201-10.549; P<0.001), and MTD (HR:
3.973; 95% CI: 1.893-8.337; P<0.001) were independent
influencing factors of DFS (1able 3). The Kaplan-Meier
method was used to draw the survival curve of independent
influencing factors (Figure 3).

Predictive efficacy of BCCs and CPFs
An area under the curve (AUC) of the model greater than

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

0.7 was considered to indicate a good predictive effect.
According to ROC curve analysis (Table 4), the AUCs of
BCC (AUC =0.721; 95% CI: 0.577-0.865; P=0.004), CPF
(AUC =0.791; 95% CI: 0.674-0.908; P<0.001), and BCC
combined with CPF (AUC =0.844; 95% CI: 0.745-0.943;
P<0.001) were all greater than 0.7, and BCC combined with
CPF had the largest AUC, with specificity and sensitivity
of 88.5% and 70.6%, respectively. The ROC curves are
presented in Figure 4.

Construction of nomogram for prognosis

Prognostic nomograms were drawn based on independent
influences (ABMD, APMA, HER2, MTD) obtained from
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Table 3 Univariate and multivariate Cox regression analysis of DFS in 60 patients with GC
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Univariate Cox regression analysis

Multivariate Cox regression analysis

Variable
HR (95% ClI) P value HR (95% Cl) P value

ABMD 5.784 (2.021-16.555) 0.001 4.577 (1.483-14.132) 0.008
ASFA 1.886 (0.851-4.176) 0.118 - -
AVFA 1.828 (0.889-3.757) 0.101 - -
ATFA 2.034 (0.919-4.505) 0.080 - -
APMA 0.141 (0.034-0.592) 0.007 5.784 (1.251-26.740) 0.025
Gender 0.946 (0.412-2.173) 0.896 - -
Age 1.384 (0.535-3.578) 0.503 - -
CEA 2.453 (0.861-6.993) 0.093 - -
Ki-67 1.171 (0.560-2.450) 0.675 - -
HER2 2.218 (1.129-4.356) 0.021 4.819 (2.201-10.549) <0.001
Vessel carcinoma embolus 0.623 (0.282-1.376) 0.242 - -
Lymph node metastasis 3.064 (1.261-7.444) 0.013 2.211 (0.802-6.093) 0.125
Maximum tumor diameter 2.617 (1.322-5.178) 0.006 3.973 (1.893-8.337) <0.001
Tumor stage

| - — - -

Il 1.005 (0.195-5.183) 0.995 - -

n 2.600 (0.616-10.970) 0.193 - -

DFS, disease-free survival; GC, gastric cancer; HR, hazard ratio; Cl, confidence interval; BMD, bone mineral density; SFA, subcutaneous
fat area; VFA, visceral fat area; TFA, total fat area; PMA, paravertebral muscle area; CEA, carcinoembryonic antigen; HER2, human

epidermal growth factor receptor-2.

multivariate analysis. In the nomogram, each variable was
assigned a score point, and the probability of occurrence
of 2- and 3-year DFS was obtained by calculating the total
score of all variables (Figure 5), providing a visual result
for the prognosis prediction of patients with GC. The
C-index of the nomogram was 0.814. ROC curves showed
that the AUCs of the predicted probability of 2-year DFS
and 3-year DFS were 0.879 and 0.928, respectively (Figure
6). In addition, DCA was used to evaluate whether the
nomogram was helpful for devising clinical treatment
strategies. The DCA of the prognosis model showed
that the BCC combined with the CPF model provided
markedly more net benefit than did the BCC model or
the CPF model alone (Figure 7). The fitted lines of the
predicted 2- and 3-year DFS in the calibration plots
roughly coincided with the reference line, indicating that
our constructed nomogram had a good prediction ability
(Figure §8).

Discussion

This study demonstrated a relationship between the
changes in BMD, muscle tissue, and adipose tissue and the
prognosis of patients with GC through the analysis of body
compositions via QCT. Among these factors, ABMD and
APMA were found to be independent influencing factors
for DFS in patients with GC. Furthermore, CPF (HER?2,
MTD) was also an independent influencing factor of DFS.
In order to predict DFS, based on this study, we built a
prognostic nomogram including BCC and CPF that had a
good prediction ability.

Many studies have shown that BMD loss is an independent
prognostic factor for patients with cancer (14-16). Our study
was similar in this regard, as ABMD (HR: 4.577; 95% CI:
1.483-14.132; P=0.008) was found to be a risk factor for
DEFS in patients with GC. During treatment, the BMD
of patients with GC decreased by 3.86% every 120 days,

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2023;13(12):8489-8503 | https://dx.doi.org/10.21037/qims-23-309
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Figure 3 Survival curves for each of the independent influencing factors were plotted with the Kaplan-Meier method. (A) Survival curves
for ABMD. (B) Survival curves for APMA. (C) Survival curves for HER2. (D) Survival curves for MTD. BMD, bone mineral density; DES,

disease-free survival; PMA, paravertebral muscle area; HER2, human epidermal growth factor receptor-2; MTD, maximum tumor diameter.

Table 4 The ROC analysis for BCC and CPF

Variable AUC 95% Cl P value Sensitivity (%) Specificity (%)
Overall BCC 0.721 0.577-0.865 0.004 82.4 69.2
Overall CPF 0.791 0.674-0.908 <0.001 85.3 61.5
BCC with CPF 0.844 0.745-0.943 <0.001 70.6 88.5

ROC, receiver operating characteristic; BCC, body composition change; CPF, clinical prognostic factor; AUC, area under the curve; Cl,

confidence interval.

and BMD loss was associated with a greater risk of poor
prognosis in patients with GC. This may be explained by
the decreased calcium absorption, vitamin D deficiency, and
secondary hyperparathyroidism caused by the change in
gastrointestinal physiological function after gastrectomy (17).

Patients with cancer frequently experience cachexia
during treatment, which is characterized by persistent
muscle loss, most commonly occurring in liver cancer,
pancreatic cancer, stomach cancer, esophageal cancer, and

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

intestinal cancer (18). Kim ez /. and Wang er al. (19,20)
investigated the prognosis of patients with ovarian cancer
during initial treatment and patients with advanced ovarian
cancer and consistently concluded that posttreatment
muscle loss was an adverse factor for OS in ovarian cancer.
Muscle loss also exerts numerous adverse effects on the
treatment results of patients with abdominal malignant
tumors. It has been proven that reduced muscle mass is
closely related to severe complications after gastrectomy
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(21,22). Other studies have shown that sarcopenia is an
independent influencing factor of OS in patients with
GC (23-25). However, these studies only predicted the
prognosis of GC by measuring body composition through
preoperative CT images. In contrast, our study predicted
the DFS of GC by analyzing the CT images of patients with
GC before surgery and after adjuvant chemotherapy and
calculating the rate of change in body composition during
treatment. The results of this study showed that APMA
(HR: 5.784; 95% CI: 1.251-26.740; P=0.025) can be used as
a prognostic factor for GC, and the APMA was -5.94% per
120-day period. When PMA decreased during treatment,
DEFS was shortened in patients with GC. This result may
be due to cachexia caused by reduced food intake, changes
in body metabolism, and inflammation (26). Inflammation
plays a crucial role in muscle loss in patients with cancer:
tumor cells can secrete inflammatory factors to alter the
body’s metabolic balance, promoting muscle proteolysis,
and the stimulation of the hypothalamus via inflammation
can produce an acute disease response with altered activity
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Figure 5 Nomogram including ABMD, APMA, HER2 and M'TD, for the 2- and 3-year DFS of patients with GC after surgery and adjuvant
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growth factor receptor-2; DFS, disease-free survival; GC, gastric cancer.
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of neuronal populations that regulate appetite and metabolic
processes, leading to anorexia and muscle atrophy (18).
Cancer cells invade the intestinal wall, causing intestinal
obstruction and affecting the absorption of food (27).
Obesity has been considered to be a significant risk

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

factor for increased disease burden (28). In particular,
white adipose tissue (WAT) acts as an active endocrine
organ releasing inflammatory factors that promote the
formation of the tumor microenvironment and increase
tumor aggressiveness or decrease the treatment effect
(29-31). Our study found that SFA, VFA, and TFA were
reduced during treatment in patients with GC, with change
rates per 120 days of -23.44%, -19.57%, and -22.45%,
respectively. The reasons for this result may be as follows: (I)
proinflammatory cytokines such as interleukin-6 and tumor
necrosis factor alpha can mediate chronic inflammation
leading to lipolysis (mainly WAT) (32); (II) the diet of
patients with GC change after surgery, and a light diet is
helpful for fat consumption; (III) the intestinal physiology
is altered after gastrectomy, and rapid intestinal transit and
changes in gastrointestinal hormone levels can lead to fat
loss (33). Related studies have shown that obesity is closely
related to the prognosis of cancer (34). However, in this
study, univariate Cox regression analysis showed that the P
values of ASFA, AVFA, and ATFA were 0.118, 0.101, and
0.080, respectively. Therefore, SFA loss, VFA loss, and TFA
loss were not independent prognostic factors for DFS in
patients with GC.

Chemotherapy drugs (such as platinum and 5-fluorouracil)
also have certain toxic effects on the digestive system (35,36),
affecting the absorption of key nutrients and leading to
changes in body composition.

HER?2 is related to the proliferation, migration,
differentiation, apoptosis, and adhesion of tumor cells (37) and
can be used as a therapeutic target for tumors. The results of
HER? studies on the prognosis of GC are inconsistent. In
some studies, HER2 has been shown to be an independent
influencing factor of OS and recurrence-free survival in GC
(38,39). The survival period of patients expressing HER2
is shorter than that of HER2-negative patients. Other
studies have reported that HER?2 is not associated with
the prognosis of GC (40,41). However, these studies also
showed that MTD could affect the prognosis of GC. In our
study, both HER? positivity and M'TD were closely related
to DFS in GC.

Based on the above findings, we attempted to combine
BCCs (ABMD, APMA) with CPFs (HER2, MTD) to
predict the prognosis. The results of our study showed
that the AUC of BCC combined with CPF to predict the
prognosis was 0.844, which was superior to that of BCC
(AUC =0.721) or CPF (AUC =0.791) alone. Nomograms
typically achieve excellent results in predicting the prognosis
of various cancers (42-44). We developed a prognostic
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Figure 8 Calibration curve of the predictive 2- and 3-year DFS of patients with GC after surgery and adjuvant chemotherapy. The predicted

probabilities of 2- and 3-year DFS were in good agreement with the actual probabilities. DFS, disease-free survival; GC, gastric cancer.

nomogram model combining BCC with CPF, which
showed high accuracy and discrimination in predicting the
survival probability of patients with GC, with a C-index of
0.814, and the AUC for predicting DFS in 2 and 3 years
was 0.879 and 0.928, respectively. Figure § showed that
the DFS probabilities predicted by the nomogram were
consistent with the actual DFS probabilities. In addition,
the model combined with BCC and CPF had the maximum
net benefits on the threshold probability of the decision
curve, which was better than that of either BCC or CPF
alone.

Clinically, BCC (ABMD, APMA) and CPF (HER?2,
MTD) are easily accessible prognostic indicators. Clinicians
can conduct systematic scoring according to the nomogram
we constructed to obtain the probability of occurrence of 2-
and 3-year DFS in patients with GC, which helps develop
effective and individualized treatment plans for patients
with GC to improve the quality of life and prolong survival.

Limitations

Our study has several limitations: (I) we employed
retrospective design with a small sample size. The
generalizability of the prognostic nomogram needs
to confirmed in a multicenter, large-cohort study and
externally validated. (II) In this study, body composition
was measured only at a single horizontal plane of the L1,
L2, and L3 vertebrae. (III) It is impossible to dynamically
measure the impact of daily food intake and physical activity

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

on patients’ BCC. Despite some limitations, the patients
included in this study underwent similar treatment methods,
had complete clinical data, and had good-quality CT images
before and after treatment. To our knowledge, among the
many studies on the body composition of GC, this is the
first to examine the rate of change in body composition
before surgery and after adjuvant chemotherapy as
calculated from CT images and to combine this with CPF
to predict DFS.

Conclusions

ABMD, APMA, HER2, and MDT are independent
prognostic factors for GC. The prognostic nomogram
of BCC combined with CPF had a good predictive
performance for DFS. Our findings may help to formulate
clinical treatment strategies and improve the prognosis of
patients with GC.
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