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ABSTRACT
Purpose: For patients with bladder cancer (BC) undergoing radical cystectomy followed by adjuvant chemotherapy, the impact 
of visceral adipose tissue on prognosis and chemotherapy- related toxicities has not been well established.
Materials and Methods: From July 2013 to November 2020, 224 BC patients received adjuvant gemcitabine plus cisplatin at 
our institution. Computed tomography images of the patients were analyzed to calculate the visceral adipose tissue index (VATI). 
Patients were stratified into high-  and low- VATI groups based on a predetermined cutoff value, and differences in prognosis and 
chemotherapy- related adverse events (AEs) between the two groups were compared.
Results: After propensity score matching, a total of 166 patients were enrolled, with 83 in the low- VATI group and 83 in the high- 
VATI group. The low- VATI group exhibited notably extended progression- free survival (PFS) in comparison to the high- VATI 
group (p = 0.044). Conversely, no substantial variation was noted concerning overall survival (OS) among the patient cohorts. In 
the multivariable Cox regression analysis, patients aged over 70 years (HR = 1.66, 95% CI 1.09–2.57, p = 0.04) and nodal positivity 
(HR = 2.98, 95% CI 1.04–4.28, p = 0.01) emerged as significant risk factors for OS. In addition to the level of VATI (HR = 2.47, 
95% CI 1.02–4.21, p = 0.04), nodal positivity (HR = 4.04, 95% CI 1.30–12.56, p = 0.02) remained a significant risk factor for PFS. 
Regarding chemotherapy- related AEs, the most common AEs of any grade and grade ≥ 3 were hematologic toxicities. Patients 
in the low- VATI group exhibited a higher likelihood of experiencing grade ≥ 3 neutropenia compared to those in the high- VATI 
group (p = 0.04).
Conclusions: This study demonstrated that, among patients treated with adjuvant chemotherapy for locally advanced BC, pa-
tients in the low- VATI group exhibited a significantly prolonged PFS compared to those in the high- VATI group. However, no 
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significant difference was observed in terms of OS. Regarding chemotherapy- related AEs, patients in the high- VATI group ex-
hibited a relatively lower incidence and severity of toxic reactions.

1   |   Introduction

There is an increasing variety of treatment options regarding lo-
cally advanced or metastatic urothelial carcinoma (UC), such as 
immune checkpoint inhibitors (ICIs) [1], antibody–drug conju-
gates (ADCs) [2], and fibroblast growth factor receptor (FGFR) in-
hibitors [3]. Nevertheless, the standard initial therapeutic approach 
for advanced bladder cancer (BC) still involves combination che-
motherapy based on cisplatin [4]. The efficacy of gemcitabine plus 
cisplatin (GC) as neoadjuvant chemotherapy (NAC) [5] and adju-
vant chemotherapy (AC) [6] in BC patients has been demonstrated.

The body mass index (BMI) serves as a straightforward measure, 
employing height and weight, frequently utilized for the categoriza-
tion of overweight and obesity in humans. Research findings have 
demonstrated a robust association between BMI and postoperative 
complications [7] as well as prognosis [8] in patients with UC. With 
the deepening of the research, there is a growing acknowledgment 
of muscle and adipose tissue functioning as distinct organs [9]. 
Hence, the definition of obesity based on BMI may be misleading 
[10], given that individuals with identical BMI values may exhibit 
diverse body compositions. In the human body, adipose tissue 
comprises predominantly two components: subcutaneous adipose 
tissue (SAT) and visceral adipose tissue (VAT). These two different 
types of adipose tissue have been demonstrated to serve distinct 
functions [11], playing pivotal and unique roles in the prognosis of 
UC [12–14]. Nevertheless, there is currently no consensus regard-
ing the impact of VAT on the prognosis and chemotherapy- related 
toxicities in patients with BC after receiving first- line AC.

This study aimed to elucidate the influence of VAT on the progno-
sis and the treatment- related adverse events (TRAEs) in patients 
receiving postoperative chemotherapy for locally advanced BC.

2   |   Materials and Methods

2.1   |   Patients Characteristics

From July 2013 to November 2020, we retrospectively evaluated 
224 patients with BC who received postoperative chemotherapy 
after radical cystectomy (RC) at our institution. Eligible patients 
had histopathologically confirmed locally advanced bladder 
urothelial carcinoma (pathologic T3- 4 and/or nodal involve-
ment) and received GC as postoperative AC within 3 months. 
Sufficient hematological assessments were necessary, encom-
passing baseline hematological information taken within 7 days 
prior to the initiation of GC treatment, along with routine post-
chemotherapy blood tests. In addition, the date of follow- up and 
causes of death were collected.

Patients without available preoperative computed tomography 
(CT) scanning were excluded. Patients who received systemic 
steroids or other drugs to promote cell proliferation within 
1 month before the initiation of GC should also be excluded. All 
patients provided written informed consent, and the research 

protocol received approval from the Ethics Committee of the 
Affiliated Hospital of Xuzhou Medical University.

2.2   |   Treatment and Data Collection

Patients received 21- day cycles of gemcitabine (administered in-
travenously on days 1 and 8 of each cycle at a dose of 1000 mg/
m2 body surface area) and cisplatin (administered intravenously 
on day 2 of each cycle at a dose of 70 mg/m2 body surface area). 
Patients were administered four cycles of AC unless there was 
evidence of disease progression, the occurrence of unacceptable 
toxicity, or a request for discontinuation.

Clinicopathological data were collected, including age, sex, 
BMI, smoking history, hypertension, diabetes, hydronephro-
sis, Eastern Cooperative Oncology Group performance score 
(ECOG- PS), pathologic tumor stage, and nodal status. Relevant 
laboratory data, including hematological data, were collected 
before the initiation of GC and after each chemotherapy cycle. 
In detail, laboratory parameters include neutrophil count, white 
blood cell (WBC) count, hemoglobin, and platelet count. Patients 
with renal insufficiency need to meet both of the following re-
quirements: blood creatinine > 133 μmol/L and eGFR > 60 mL/
min. The incidence and grade of TRAEs were assessed using the 
National Cancer Institute's Common Terminology Criteria for 
Adverse Events (CTCAE) Version 4.03.

2.3   |   Measurement of Visceral Adipose

CT scan has been confirmed to provide cross- sectional infor-
mation about skeletal muscle and adipose tissue, facilitating a 
more precise and detailed assessment of body compositions by 
clinicians [15]. We chose the third lumbar vertebra (L3) section 
from the CT images as the measurement plane, as previous re-
search has demonstrated a linear correlation between the VAT 
area measured at the L3 level and the total VAT volume [16]. 
Hence, the L3 level can be regarded as the optimal site for the 
measurement of visceral adipose. The quantification of VAT 
area was performed using Osirix DICOM Viewer version 12, 
with Hounsfield unit (HU) references set at −150 to −50 HU for 
the assessment of visceral adipose [17]. The Grow Region tool 
was used to distinguish between different types of tissue. The 
VAT index (VATI) was calculated by averaging the VAT area 
measured on two consecutive CT images at the L3 level and then 
dividing it by the square of one's height in meters.

At present, the optimal cutoff value for VATI is not clear. 
Consequently, we applied the methodology used in a previous 
study to determine the cutoff value [18]. Sex- specific optimal 
cutoff values were used to dichotomize patients into high-  or 
low- VATI groups, with overall survival (OS) as the primary 
outcome. The optimal cutoff for VATI was determined using 
the Receiver Operating Characteristic (ROC) curve, and the se-
lection of the best cutoff value was based on the Yoden index. 
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For male patients with locally advanced BC, the VATI value 
< 35.2 cm2/m2 was classified into the low- VATI group, while for 
females, the VATI value < 44.7 cm2/m2 was categorized as the 
low- VATI group.

2.4   |   Statistical Analyses

The study's primary endpoint was OS, measured as the duration 
from the date of cystectomy to the date of death from any cause 
or the latest available information for patients still alive. The 
secondary endpoints included progression- free survival (PFS) 
as well as the incidence and severity of adverse events (AEs) re-
lated to chemotherapy. PFS was defined as the interval between 
the date of cystectomy and the date of progression or death from 
any cause.

To reduce the impact of confounding factors, the propensity 
score matching (PSM) method was employed to match patients 
with high VATI to those with low VATI. For each patient, the 
propensity score was calculated to match the following vari-
ables: age, sex, BMI, smoking history, hypertension, diabetes, 
hydronephrosis, ECOG- PS, pathologic tumor stage, and renal 
function. Differences between the pre-  and postmatching groups 
were assessed utilizing the chi- square test. PSM was conducted 
through a one- to- one matching approach, and the predefined 
caliper was implemented to ensure that the standardized differ-
ence in all confounding factors remained < 0.2.

The Kaplan–Meier method was employed to estimate OS and 
PFS, and differences between the survival curves were as-
sessed using the log- rank test. The ROC curve was used to de-
termine the optimal cutoff for VATI, and the best cutoff value 
was calculated according to the Yoden index. Univariable and 
multivariable Cox proportional hazards models were employed 
to calculate hazard ratios (HRs) and corresponding 95% confi-
dence intervals (CIs). In the univariate analyses, variables with 
a significance level of p < 0.05, along with the pertinent variable 
“VATI” in this study, were included in the subsequent multivar-
iate analysis. Statistical analysis was performed using SPSS 26.0 
(IBM Corp., NY, USA), while PSM was executed using R version 
4.0.5 (R Foundation for Statistical Computing, Vienna, Austria). 
All statistical analyses were two- sided, with statistical signifi-
cance set at p < 0.05.

3   |   Results

Before PSM, a total of 224 BC patients who had received first- 
line adjuvant GC were included in this study, including 109 
patients with high VATI and 115 with low VATI. Differences 
were statistically significant in terms of sex, BMI, the presence 
of diabetes, and ECOG- PS (Table 1). Compared with patients in 
the high- VATI group, those in the low- VATI group had a higher 
proportion of females (High VATI 38.5%; Low VATI 54.8%), and 
a greater number of patients had a BMI < 25 kg/m2 (High VATI 
51.4%; Low VATI 64.3%).

After PSM, data for 166 patients were available for analysis (83 
in each group). No significant difference was found between the 
two groups (Table 1). In both groups, the majority of BC patients 

undergoing RC were under the age of 70 (High VATI 68.7%; Low 
VATI 60.2%) and had an ECOG score of 0 (High VATI 72.3%; 
Low VATI 67.5%).

3.1   |   Patient Survival

The median duration of follow- up for all patients was 
63.5 months. The median OS of patients was 67.5 (95% CI 
55.8–79.2) months in the low- VATI group and 56.8 (95% CI 
45.1–68.5) months in the high- VATI group. The 5- year OS rate 
for the low- VATI group was 50.6%, while the high- VATI group 
exhibited a rate of 41.0% over the same periods (Figure 1A). 
Although the level of VATI was not found to be significantly 
associated with differences in OS (p = 0.156), a trend toward a 
protective effect was observed in BC patients undergoing ad-
juvant GC chemotherapy.

The low- VATI group exhibited significantly longer PFS com-
pared to the high- VATI group (p = 0.044). The median PFS in 
the low- VATI group was 52.8 (95% CI 35.2–80.4) months, which 
was longer than that of the high- VATI group, 38.1 (95% CI 18.6–
57.6) months (Figure 1B). In addition, the low- VATI group ex-
hibited a 5- year PFS rate of 44.6%, compared to a rate of 33.7% 
observed in the high- VATI group (Figure 1B). As of November 
2023, 37 (22.3%) patients were still alive (High VATI, 17 patients; 
Low VATI, 20 patients). Among them, 8 (47.1%) of the patients in 
the high- VATI group and 11 (55.0%) in the low- VATI group were 
still in complete remission, respectively.

3.2   |   Impact of Prognostic Factors on Survival

The influence of various predictors of OS and PFS is delineated in 
Tables 2 and 3. The level of VATI was not significantly associated 
with OS, but we observed a certain trend toward significance 
(p = 0.09). In the multivariate analysis of OS, age (HR = 1.66, 
95% CI 1.09–2.57, p = 0.04) and nodal status (HR = 2.98, 95% 
CI 1.04–4.28, p = 0.01) remained significant risk factors of OS. 
The HR for patients with high VATI was 1.33 (95% CI 0.87–3.01, 
p = 0.17) compared to that of patients with low VATI.

In the multivariate analysis, nodal status (HR = 4.04, 95% CI 
1.30–12.56, p = 0.02) and the level of VATI (HR = 2.47, 95% CI 
1.02–4.21, p = 0.04) were independent prognostic indicators for 
PFS, as indicated in Table  3. Patients with low VATI demon-
strated a 3- year PFS rate of 60.2%, while those with high VATI 
exhibited a 3- year PFS rate of 41.0%.

3.3   |   Chemotherapy- Related Adverse Events

Most common chemotherapy- related AEs of any grade and 
grade ≥ 3 were hematologic toxicities (Table  4). Among them, 
neutropenia emerged as the most prevalent grade ≥ 3 hemato-
logic AE. The incidence of grade ≥ 3 non- hematologic AEs in 
the high- VATI and low- VATI groups was 7.2% (n = 6) and 13.3% 
(n = 11), respectively. In both groups, the most common non- 
hematologic toxicities were nausea and decreased appetite. In 
the low- VATI group, three patients (3.6%) experienced grade 
≥ 3 fatigue following postoperative GC; however, no patients 
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were observed to develop high- grade fatigue in the high- VATI 
group. A chi- square test was employed to compare differences 
between the low- VATI and the high- VATI groups. We observed 

that patients in the low- VATI group were more likely to experi-
ence grade ≥ 3 neutropenia compared to those in the high- VATI 
group (p = 0.04).

TABLE 1    |    Patient demographics and baseline disease characteristics.

Variables, n (%)

Before PSM After PSM Standardized difference

High VATI 
(n = 109)

Low VATI 
(n = 115)

High VATI 
(n = 83)

Low VATI 
(N = 83) Pre- PSM Post- PSM

Median age [range], 
years

65 [33–84] 62 [34–84] 64 [35–81] 61 [34–83]

Age group

≤ 70 82 (75.2) 77 (67.0) 57 (68.7) 50 (60.2) 0.173 0.256

> 70 27 (24.8) 38 (33.0) 26 (31.3) 33 (39.8)

Sex

Female 42 (38.5) 63 (54.8) 31 (37.3) 34 (41.0) 0.015 0.633

Male 67 (61.5) 52 (45.2) 52 (62.7) 49 (59.0)

BMI

< 25 56 (51.4) 74 (64.3) 38 (45.8) 43 (51.8) 0.049 0.438

≥ 25 53 (48.6) 41 (35.7) 45 (54.2) 40 (48.2)

Smoking history

No 38 (34.9) 44 (38.3) 37 (44.6) 41 (49.4) 0.598 0.534

Yes 71 (65.1) 71 (61.7) 46 (55.4) 42 (50.6)

Hypertension

No 90 (82.6) 89 (77.4) 66 (79.5) 61 (73.5) 0.334 0.360

Yes 19 (17.4) 26 (22.6) 17 (20.5) 22 (26.5)

Diabetes

No 86 (78.9) 107 (93.0) 72 (86.7) 75 (90.4) 0.002 0.465

Yes 23 (21.1) 8 (7.0) 11 (13.3) 8 (9.6)

Hydronephrosis

No 69 (63.3) 68 (59.1) 45 (54.2) 42 (50.6) 0.522 0.641

Yes 40 (36.7) 47 (40.9) 38 (45.8) 41 (49.4)

ECOG status

0 83 (76.1) 73 (63.5) 60 (72.3) 56 (67.5) 0.039 0.499

1 26 (23.9) 42 (36.5) 23 (27.7) 27 (32.5)

Pathologic tumor stage/nodal status

T3/N− 47 (43.1) 59 (51.3) 41 (49.4) 48 (57.8) 0.237 0.310

T4/N− 11 (10.1) 17 (14.8) 11 (13.2) 15 (18.1)

Nx 15 (13.8) 10 (8.7) 13 (15.7) 9 (10.8)

N+ 36 (33.0) 29 (25.2) 18 (21.7) 11 (13.3)

Renal dysfunction

No 95 (87.2) 96 (83.5) 69 (83.1) 69 (83.1) 0.438 1.000

Yes 14 (12.8) 19 (16.5) 14 (16.9) 14 (16.9)

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PSM, propensity score matching; VATI, visceral adipose tissue index.
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4   |   Discussion

Several cytotoxic chemotherapy agents, including cisplatin, 
methotrexate, doxorubicin, gemcitabine, and paclitaxel, have 
demonstrated substantial efficacy as single agents against 
UC [19]. Notably, in the 1980s, platinum- based chemother-
apy exhibited remarkable responses, and cisplatin- containing 
combination therapy has been the first- line treatment for ad-
vanced BC since then [4]. Compared to methotrexate, vinblas-
tine, doxorubicin, and cisplatin (MVAC), the GC regimen has 
similar survival outcomes and better safety profiles, and thus 
GC became the standard treatment in advanced BC [20]. The 

European Association of Urology (EAU) guidelines recom-
mend NAC for T2- T4aN0M0 BC, and if NAC is not performed, 
postoperative AC is required [21]. Despite the emergence of 
numerous novel therapeutic drugs [22, 23], the GC regimen 
continues to serve as the first- line treatment for patients with 
advanced BC.

Today, the global prevalence of obesity, coupled with the in-
creased utilization of cytotoxic drugs in numerous malignan-
cies, underscores the crucial importance of understanding 
the impact of obesity on cancer patients. A large analysis of 
the influence of obesity on the pharmacokinetics of cytotoxic 

FIGURE 1    |    Kaplan–Meier survival curves in patients with high-  and low- VATI groups. Kaplan–Meier curves were plotted to estimate overall 
survival (A) and progression- free survival (B). The log- rank test was used to compare the differences between groups.
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drugs has demonstrated a drug- specific interaction between 
BMI and pharmacokinetic clearance rates [24]. While BMI 
is utilized to define obesity, ambiguity persists regarding 
whether elevated BMI is protective or detrimental to cancer 
patients [25, 26]. Therefore, a more efficacious approach for 
measuring obesity is warranted. With the progression of re-
search, investigators have found that adipose distribution may 
exert a greater impact on cytotoxic clearance than obesity per 
se, suggesting that individualized dosing based on varying 
body compositions appears to be a feasible strategy [27, 28], 
potentially improving outcomes for obese patients without 
augmenting toxicity. Body composition, a key prognostic in-
dicator in oncology patients, has been extensively investigated 

[29]. Over the course of the study, it has become evident that 
BMI, the most commonly employed metric for assessing body 
composition, fails to differentiate between muscle and adipose 
tissue and does not provide insight into the distribution of ad-
ipose tissue [30]. However, the SAT and VAT are considered to 
be the main adipose tissues of the human body, and these two 
different adipose tissues have been shown to exhibit different 
functions and metabolic characteristics [31].

Currently, there is no consensus regarding the impact of VAT 
on disease progression and prognosis in cancer patients. Among 
urological tumors, the study has revealed that for metastatic renal 
cell carcinoma (mRCC) patients receiving vascular endothelial 

TABLE 2    |    Univariate and multivariate Cox regression models describing the impact of the studied predictors for OS after receiving postoperative 
GC.

Variables

Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Age

≤ 70 1 1

> 70 1.90 0.67–3.81 0.03* 1.66 1.09–2.57 0.04*

BMI

< 25 1

≥ 25 0.94 0.53–1.68 0.31

Smoking history

Never 1

Ever 0.82 0.45–1.51 0.46

Hydronephrosis

No 1

Yes 1.1 0.58–1.94 0.86

ECOG status

0 1

1 1.40 0.79–2.48 0.26

Pathologic tumor stage/nodal status

T3/N− 1 1

T4/N− 1.83 0.79–4.37 0.35 1.12 0.68–2.17 0.75

Nx 1.92 0.83–4.62 0.13 1.38 0.77–2.83 0.59

N+ 3.32 1.11–9.21 0.02* 2.98 1.04–4.28 0.01*

VATI

Low VATI 1 1

High VATI 1.74 0.91–3.33 0.09 1.33 0.87–3.01 0.17

Renal dysfunction

No 1

Yes 0.75 0.42–1.33 0.32

Note: *Indicates statistical significance.
Abbreviations: BMI, body mass index; CI, confidence interval, ECOG, Eastern Cooperative Oncology Group; GC, gemcitabine plus cisplatin; HR, Hazard ratio; 
OS, overall survival; VATI, visceral adipose tissue index.
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growth factor (VEGF)- targeted therapy, higher VAT, rather than 
BMI, was an independent predictor of improved survival [32]. 
However, the study conducted by Ladoire et al. yielded contrast-
ing findings; for patients with mRCC receiving VEGF- targeted 
therapy, higher visceral adipose area was significantly related 
to shorter OS [33]. For patients with RCC who received surgi-
cal treatment, cause- specific survival was significantly better in 
patients with high VAT compared to those with low VAT [34]. 
At present, the impact of VAT on the prognosis of UC patients 
is unknown. Researchers have found that high visceral adipose 
content was a protective factor in patients with advanced UC 
treated with ICI [13]. In upper tract urothelial carcinoma pa-
tients treated with radical nephroureterectomy, the research has 

shown that the high VAT was associated with better survival 
outcomes, although it was not statistically significant [12].

In this study, 166 patients with locally advanced BC received 
postoperative chemotherapy. We have observed that patients 
in the low- VATI group exhibited longer PFS compared to 
those in the high- VATI group. In the multivariable Cox regres-
sion analysis, the level of VATI remained, next to nodal status, 
a significant risk factor for PFS. One possible explanation is 
attributed to the multifaceted role of adipose tissue, which, 
besides its primary function as a fat reservoir, operates as a 
metabolically and endocrinologically active organ. Among 
its components, the stromal vascular fraction rich in adipose 

TABLE 3    |    Univariate and multivariate Cox regression models describing the impact of the studied predictors for PFS after receiving postoperative 
GC.

Variables

Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Age

≤ 70 1

> 70 1.11 0.57–2.15 0.77

BMI

< 25 1

≥ 25 0.96 0.53–1.74 0.89

Smoking history

Never 1

Ever 0.87 0.36–1.77 0.49

Hydronephrosis

No 1

Yes 0.94 0.51–1.73 0.84

ECOG status

0 1

1 0.76 0.39–1.48 0.41

Pathologic tumor stage/nodal status

T3/N− 1 1

T4/N− 2.31 1.09–4.92 0.09 1.94 0.91–3.94 0.26

Nx 1.68 0.37–5.37 0.21 1.10 0.31–3.72 0.62

N+ 7.39 2.71–19.35 0.01* 4.04 1.30–12.56 0.02*

VATI

Low VATI 1 1

High VATI 2.89 0.70–4.32 0.03* 2.47 1.02–4.21 0.04*

Renal dysfunction

No 1

Yes 0.58 0.32–1.08 0.08

Note: *Indicates statistical significance.
Abbreviations: BMI, body mass index; CI, confidence interval, ECOG, Eastern Cooperative Oncology Group; GC, gemcitabine plus cisplatin; HR, Hazard ratio; 
PFS, progression-free survival; VATI, visceral adipose tissue index.
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stromal cells serves as a crucial reservoir of various cytokines 
and chemokines [35]. Studies indicate that alterations in the 
expression of these secretory factors may induce mitotic ef-
fects across various cancer types [36–38], thereby enhancing 
the invasiveness of certain tumors. For instance, plasmino-
gen activator inhibitor 1, produced by adipocytes, endothe-
lial cells, and stromal cells in visceral adipose tissue [39], 
has been implicated in promoting cell migration and tumor 
angiogenesis [40], consequently heightening the likelihood of 
tumor cells transitioning into an invasive phenotype [41, 42]. 
Regarding chemotherapy- related AEs, we observed hemato-
logic toxicities as the most common at any grade and grade 
≥ 3. Furthermore, we found that patients in the low- VATI 
group were more prone to experiencing grade ≥ 3 neutropenia 
following postoperative GC compared to those in the high- 
VATI group. While the precise reasons for this correlation re-
main elusive, we hypothesize that the VATI level represents 
a substantially underestimated risk factor in routine clinical 
practice. Significant implications arise for patients in the 
high- VATI group, guiding clinicians to enhance monitoring 
and increase vigilance. Our next research focus is to quantify 
VATI more precisely and personalize its administration to pa-
tients with BC, aiming to enhance prognosis without increas-
ing toxicity. In cases of patients with low VATI, clinicians 
should conduct more frequent monitoring of hematological 
parameters, enabling timely adjustments to treatment plans 
and interventions. Furthermore, the occurrence of high- grade 
hematological AEs can be mitigated in advance by the ad-
ministration of systemic corticosteroids or cell proliferation- 
stimulating agents.

Our study has several limitations. First, due to the retrospec-
tive nature and limited sample size of this study, especially 
in the subgroup analysis, selection bias is inevitable. Second, 

despite the utilization of PSM to control for known risk fac-
tors, the presence of potential unknown confounding vari-
ables contributing to bias cannot be entirely dismissed. Third, 
there are currently no sex- specific optimal cutoff values for 
VATI, so multicenter studies are needed to establish clear cut-
off values in the future. Fourth, a dynamic analysis of changes 
in VAT and lifestyle in patients during chemotherapy was not 
conducted. Therefore, the influence of aerobic exercise and 
nutritional support on patient prognosis and toxicity reactions 
remains uncertain at present. Additional prospective studies 
involving larger cohorts are imperative to validate the find-
ings obtained in our study.

5   |   Conclusions

This study demonstrated that, among patients treated with ad-
juvant GC chemotherapy for locally advanced BC, patients in 
the low- VATI group exhibited a significantly prolonged PFS 
compared to those in the high- VATI group. However, no sig-
nificant difference was observed in terms of OS. Regarding 
chemotherapy- related AEs, patients in the high- VATI group 
exhibited a relatively lower incidence and severity of toxic 
reactions.
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TABLE 4    |    Chemotherapy- related AEs reported for patients of the high-  and low- VATI arms.

Event, n (%)

High VATI (n = 83) Low VATI (n = 83)

All grade Grade ≥ 3 All grade Grade ≥ 3

Hematologic AEs 75 (90.4) 40 (48.2) 77 (92.8) 51 (61.4)

Neutrophil count decreased 44 (53.0) 27 (32.5) 51 (61.4) 40 (48.2)

Anemia 59 (71.1) 5 (6.0) 57 (68.7) 8 (9.6)

Platelet count decreased 44 (53.0) 8 (9.6) 41 (49.4) 14 (16.9)

WBC decreased 41 (49.4) 16 (19.3) 47 (56.6) 23 (27.7)

Non- hematologic AEs 73 (88.0) 6 (7.2) 77 (92.8) 11 (13.3)

Nausea 60 (72.3) 1 (1.2) 55 (66.3) 2 (2.4)

Decreased appetite 55 (66.3) 0 (0) 50 (60.2) 1 (1.2)

Fatigue 20 (24.1) 0 (0) 28 (33.7) 3 (3.6)

Alopecia 15 (18.1) 0 (0) 20 (24.1) 0 (0)

Pruritus 13 (15.7) 0 (0) 15 (18.1) 0 (0)

Weight decreased 7 (8.4) 0 (0) 12 (14.5) 0 (0)

Note: Data are presented as frequency (percentage).
Abbreviations: AEs, adverse events; VATI, visceral adipose tissue index; WBC, white blood cell.
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