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Objective: Urothelial carcinoma (UC) remains a
prevalent malignancy with high recurrence and
chemoresistance rates despite gemcitabine-cisplatin
(GC) chemotherapy. The study aimed to identify clinical
risk factors for chemoresistance in advanced UC patients
and develop a predictive model.

Method: A retrospective analysis was conducted on 375
UC patients who received postoperative GC chemother-
apy between 2013 and 2024. Patients were categorized
into chemotherapy-resistant (CR, n = 91) and non-
chemotherapy resistant (NCR, n = 284) groups based on
tumor progression. Clinical, pathological, and laboratory
variables were compared using t-tests and chi-square

tests. Kaplan-Meier assessed overall survival (OS), and
binary logistic regression identified independent predic-
tors of chemoresistance.

Result: Overall survival (OS) was significantly lower
in the CR group than in the NCR group urinary
tract infection (OR: 54.60; 95% CI: [21.19, 140.67])
and low A/G (OR: 0.18;95% CI: [0.03, 0.94]).
The prediction model was: Logit (P) = —3.69 + 0.96
x multifocal tumor + 1.05 x Tstage + 4.00 x long-term
urinary tract infection (UTI) — 1.73 x A/G.
Conclusion: Multifocality, high T stage, persistent
UTI, and low A/G ratio are significantly associated with
chemoresistance to GC in UC. These routine clinical
indicators may support early identification of high-risk
patients and guide treatment decisions.
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Introduction

Urinary tract tumors, including bladder, kidney, and
prostate cancers, are placing an increasing burden
on global health systems. A recent study reported
that both the incidence and disability-adjusted life-
year (DALY) rates of these malignancies have risen
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steadily worldwide from 1990 to 2021, with contin-
ued growth projected through 2046, particularly in
aging populations and countries with a high Socio-
demographic Index (SDI)." These trends highlight
the pressing need for improved diagnostic and treat-
ment strategies. In recent years, with the gradual
aging of the population, the incidence of urothe-
lial carcinoma (UC) has also gradually increased.
However, fortunately, the initial clinical manifesta-
tions of UC are mostly painless hematuria, which
is more likely to attract patients’ discovery and
attention. Meanwhile, with the popularity of reg-
ular physical examination, more patients still have
relatively early-stage tumors at the time of discov-
ery.” Unfortunately, due to the multi-centrality of UC
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in time and space, many UC patients still suffer
from recurrent tumors after surgery, and even the
malignancy of tumors will gradually increase, which
also causes the incidence of advanced UC to remain
high.»* For patients with advanced UC, systemic
maintenance or postoperative adjuvant chemother-
apy combined with gemcitabine and cisplatin (GC) is
often used clinically.” However, there are still a part
of patients who develop chemoresistance during the
GC regimen chemotherapy, resulting in local tumor
progression, recurrence or even distant metastasis.’
For UC patients with chemoresistance, although
immunotherapy and other methods can be used, the
therapeutic effect and prognosis of the patients are
significantly poorer than those without chemoresis-
tance.” Before chemoresistance occurs in UC patients,
combination therapy such as immune checkpoint
inhibitors can improve the prognosis of these patients
and extend the overall survival time." Most previous
studies were aimed at exploring the molecular mech-
anism of GC chemoresistance in UC patients, and
few studies discussed the correlation between clinical
information and chemoresistance in UC patients.’

In this study, we conducted a statistical analysis
of the epidemiological characteristics, tumor bur-
den, and blood and urine laboratory test results of
UC patients undergoing gemcitabine-cisplatin (GC)
chemotherapy. The objective was to identify potential
clinical factors associated with chemoresistance and
to construct a predictive model that may support
individualized treatment decisions in advanced UC.

Methods and Materials

Research object

This study included a total of 375 patients who vis-
ited Beijing Friendship Hospital from January 2013 to
June 2024 and were pathologically diagnosed as UC
combined with GC chemotherapy after the surgery.
All patients were divided into the Chemotherapy
Resistant (CR) group (91 patients) and the Non-
Chemotherapy Resistant (NCR) group (284 patients)
according to whether they had radiographic recur-
rence, local progression, or distant metastasis of the
tumor during chemotherapy. Chemoresistance in this
study was defined based on the Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1 criteria. Specif-
ically, patients who developed progressive disease
(PD) during GC chemotherapy.”'' This study follows
the Declaration of Helsinki and was approved by
the Ethics Committee of Beijing Friendship Hospital.
All subjects have signed informed consent, and the
approval number is: BFHHZS20240170.
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Inclusion and exclusion criteria

Inclusion criteria: (1) Patients admitted to Beijing
Friendship Hospital and confirmed as UC by post-
operative pathology; (2) Patients who received GC
chemotherapy in Beijing Friendship Hospital. Exclu-
sion criteria: (1) Patients who received neoadjuvant
chemotherapy before surgery; (2) Combination ther-
apy with GC regimen and other drugs, such as
Pembrolizumab, Tislelizumab, etc.; (3) Patients with
malignant tumors of other organs; (4) Patients who
need urinary system surgery due to other urinary sys-
tem diseases (such as urinary calculi, urinary system
malformations, etc.); (5) Patients who need long-term
indwelling catheters or ureteral stents; (6) Patients
with incomplete clinical data.

No age restriction was applied during patient
selection. All eligible patients who met the diagnos-
tic and treatment criteria were included, regardless
of age.

Surgery strategy

All patients in this study underwent radical tumor
resection prior to GC chemotherapy. Specifically,
patients diagnosed with upper tract urothelial
carcinoma (UTUC) received standard radical
nephroureterectomy with bladder cuff excision,
while those with bladder carcinoma (BCa) underwent
radical cystectomy with urinary diversion (including
ileal conduit or orthotopic neobladder reconstruction
depending on the patient’s condition and preference).
All surgeries were performed by experienced
urologists following standard oncologic principles
and guidelines.”

Chemotherapy strategy

In this study, all patients received postoperative adju-
vant chemotherapy rather than neoadjuvant therapy.
This was primarily due to the retrospective nature of
the cohort and the real-world clinical practice pattern
in our center during the study period (2013-2024),
where neoadjuvant chemotherapy was not routinely
applied for UC patients, especially for those with
high surgical urgency, renal dysfunction, or uncer-
tain staging before surgery. Therefore, all included
patients received standard GC chemotherapy within
1-2 months following radical tumor resection. Spe-
cific drug usage and dosage are as follows: The
strategy consists of a chemotherapy cycle of 21 days,
in which gemcitabine was administered on day 1,
day 8 and day 15, with a dose of 1280 mg/m’ mixed
with 500 mL normal saline, and intravenous infusion
was completed within 2 h. On day 2, cisplatin was
administered at a dose of 75 mg/m’ mixed with
500 mL 5% glucose solution, and the intravenous
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infusion was completed within 2 h without light.
Before and after cisplatin infusion, 20% mannitol and
5% glucose and sodium chloride solution were used
for hydration. At the same time, 5 mg of dexam-
ethasone sodium phosphate was administered before
cisplatin, and 20 mg of furosemide was used for
diuresis after cisplatin. In the course of chemother-
apy, blood routine, liver and kidney function, protein
level and other indicators were detected on the first
day after each medication, and the rest of the time
were detected once or twice every week, while urine
routine and urine bacterial culture were reviewed.
If the patient has bone marrow suppression, such
as leukopenia and thrombocytopenia, gastrointesti-
nal reactions, such as nausea and vomiting, or other
complications, such as severe rash during chemother-
apy, symptomatic treatment will be taken, and the
next cycle of chemotherapy will be postponed accord-
ingly. All patients were re-examined with chest and
abdominal pelvic computed tomography (CT) after
every 2-3 cycles of chemotherapy to monitor tumor
treatment.

Observation indicators

This study retrospectively collected the pre-
chemotherapy epidemiological data of all patients,
such as age, sex, body mass index (BMI), whether
they had hypertension, diabetes mellites (DM),
coronary heart disease (CHD), hyperlipidemia,
whether they had undergone kidney transplantation,
and personal history such as smoking and drinking.
Data on the patient’s tumor burden, such as
tumor origin, whether it was multifocal, maximum
diameter, TNM stage, postoperative pathological
type, number of recurrences before chemotherapy,
and mean time interval for recurrence, were collected.
The overall survival (OS) of all patients during the
follow-up period was also collected.

In terms of laboratory test results, we collected and
analyzed the urine routine results, urinary bacterial
culture count, bacterial species, blood coagula-
tion, neutrophil, lymphocyte, monocyte, granulocyte
count and platelet count, albumin and globulin levels,
etc. of patients during chemotherapy, and calculated
systemic immune-inflammation index (SII) (equa-
tionl) and A/G (equation2).

In this study, the postoperative pathological type
of all patients was mainly occupied by urothe-
lial carcinoma, and some patients may have mixed
adenocarcinoma or squamous cell carcinoma. For
patients with available urine culture results, the diag-
nosis of urinary tract infection (UTI) was based on a
positive culture (>10° CFU/mL of a single organism).
In patients without culture results, UTI was defined

by pyuria in urinalysis, specifically > 10 white blood
cells per high-power field (HPF) in a clean-catch mid-
stream sample. Clinical symptoms such as fever or
dysuria were considered supportive but not required
for classification. In other blood laboratory tests, if
the patient showed chemoresistance, the results of 3
times before drug resistance were selected and aver-
aged; If the patient did not develop drug resistance,
the results of 3 times during chemotherapy were ran-
domly selected and the average value was calculated.

SII = (Platelet count x Neutrophil count) + Lympho-
cyte count  (equationl); A/G = Albumin + Globulin
(equation2). The inverse A/G (equation2) is defined
as A/G < 1.5.

Statistical methods

SPSS 25.0 software (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses in this study.
In this study, all continuous variables conforming
to normal distribution were expressed as mean +
standard deviation (SD), and the t-test was applied;
Continuous variables that do not conform to the nor-
mal distribution are tested by non-parametric tests.
The categorical variables were represented by the
number of cases, and the chi-square test was used.

To explore clinical factors associated with
chemoresistance, we used binary logistic regression
analysis on the entire cohort without pre-matching
and included tumor T, N, and M stages as
covariates. The dependent variable was defined
as chemoresistance (CR group = 1, NCR group =
0). Variables that were statistically significant in
univariate analysis were further evaluated using
multivariable logistic regression analysis to identify
independent predictors. Odds ratios (ORs) with 95%
confidence intervals (Cls) were reported for each
variable. The Pearson and Spearman correlation tests
were also used to analyze the association between
these risk factors and the time to onset of tumor
resistance. The null hypothesis (H,) for each variable
tested was that there is no association between the
predictor and GC chemoresistance (i.e., OR = 1).
Statistical significance was set at p < 0.05.

To compare OS between CR and NCR groups
while controlling for tumor stage, we conducted 1:1
propensity score matching based on TNM staging,
resulting in 69 matched pairs with simple urothe-
lial carcinoma. Kaplan-Meier (KM) survival analysis
and Cox proportional hazards models were used to
compare OS between groups, and to estimate haz-
ard ratios (HRs) with 95% confidence intervals. Risk
tables were added under KM plots to show patients
at risk over time.
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FIGURE 1. Kaplan-Meier survival curves for the
overall cohort. Note: CR, chemotherapy resistant;
NCR, non-chemotherapy resistant.

Result

The OS of UC patients without chemoresistance

was higher than patients with chemoresistance
A total of 375 patients with a pathological diagnosis
of UC were included in this study, including 91 in
the CR group and 284 in the NCR group. In the
entire cohort, the median follow-up time was 96.00
months (95% CI: 73.11, 118.89). The median OS in the
CR group was 52.00 months (95% CI: 39.12, 62.88),
lower than 106.00 months (95% CI: 88.22, 123.78) in
the NCR group, and the hazard ratio (HR) was 1.70
[95% CI: 1.01, 2.86], the difference was statistically
significant (p = 0.048) (Figure 1). To control for tumor
malignancy and histological subtype, TNM-based
propensity score matching identified 69 patients with
simple urothelial carcinoma in each group. Post-
matching, median OS in the CR group was 60.00
months (95% CI: 52.24, 67.76); in the NCR group, it
was not reached due to >50% of patients being alive
at follow-up. The hazard ratio was 2.03 (95% CI: 1.02,
4.03; p = 0.044) (Figure 2).

The risk factors leading to GC chemoresistance
in UC patients

The mean age of patients in the CR group was 65.9
+ 8.99 years, which was significantly lower than that
in the NCR group (68.9 &+ 9.87 years). Meanwhile,
long-term smoking may also be a risk factor for GC
chemotherapy in UC patients (Table 1). In terms of
tumor load, the T stage (p < 0.001) and N stage (p <
0.001) in the CR group were also significantly higher

FIGURE 2. Kaplan-Meier survival curves after
TNM-based propensity score matching. Note: CR,
chemotherapy resistant; NCR, non-chemotherapy
resistant.

than those in the NCR group, but there was no sig-
nificant difference in M stage (p = 0.702). Moreover,
if the tumor is multifocal at the time of the initial
surgery (this is mainly for BCa), these patients are
also more likely to be resistant to GC chemotherapy
(p < 0.001). More than 70% of the patients in the
two groups were pathologically indicated as simple
urothelial carcinoma, 17 patients in the CR group
were found to have mixed partial squamous cell car-
cinoma and 8 patients were found to have mixed
partial adenocarcinoma. In the NCR group, there
were only 3 cases of mixed squamous cell carcinoma
and 2 cases of mixed adenocarcinoma (p < 0.001).
This difference in postoperative pathological classifi-
cation also has a guiding role in predicting whether
UC patients may develop GC chemoresistance in the
future. The mean maximum tumor diameter of the
CR group was 2.7 £ 1.53 cm, which was signifi-
cantly higher than that of the NCR group (2.2 + 1.59
cm), indicating that patients with larger tumors were
more likely to develop chemoresistance. At the same
time, the median number of tumor recurrence before
chemotherapy in CR group and NCR group was 1
(0, 2.0) and 0 (0, 1.0), respectively, and the difference
was also statistically significant (p < 0.001), while
there was no statistical difference in the average time
interval of tumor recurrence between the two groups
(Table 2).

In terms of laboratory examination, 82 patients
(90.1%) in the CR group had urinary tract infec-
tion, which was significantly more than that in the
NCR group (22 patients, 7.7%) (p < 0.001). However,
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TABLE 1. Differences in epidemiological data between the CR group and the NCR group

Term

Age (years, mean £ SD)
Male (N, %)

BMI (kg/m?, mean + SD)
Smoking (N, %)
Drinking (N, %)

Renal transplant (N, %)
Hypertension (N, %)
DM (N, %)

CHD (N, %)
Hyperlipidemia (N, %)
hydronephrosis (N, %)

CR group
(n=91)

65.9 4 8.99
66 (72.5)
242 4 3.25
50 (54.9)
24 (26.4)
8 (8.8)
46 (50.5)
30 (33.0)
18 (19.8)
29 (31.9)
11 (12.1)

NCR group
(n = 284)
68.9 +9.87
198 (69.7)
242 +3.44
104 (36.6)
70 (24.6)
13 (4.6)
127 (44.7)
75 (26.4)
37 (13.0)
75 (26.4)
35 (12.3)

p value

0.008
0.609
0.858
0.002
0.741
0.128
0.332
0.225
0.113
0.311
0.952

Note: CR, chemotherapy resistant; NCR, non-chemotherapy resistant; DM, diabetes mellitus; CHD, coronary heart disease.

TABLE 2. Differences in tumor status between the CR group and the NCR group

Term CR group NCR group p value
(n=91) (n = 284)
Tumor location (N, %) 0.365
UTUC 32 (35.2) 115 (40.5)
BCa 59 (64.8) 169 (59.5)
Multifocal (N, %) 57 (62.6) 78 (27.5) <0.001
Maximum diameter (cm, mean =+ SD) 27+£153 224159 0.010
Histological type (N, %) <0.001
Urothelial carcinoma 66 (72.5) 279 (98.2)
Squamous differentiation 17 (18.7) 3(1.1)
Adenoid differentiation 8 (8.8) 2(0.7)
T (N, %) <0.001
2 5 (5.5) 15 (5.3)
3 62 (68.1) 242 (85.2)
4 24 (26.4) 27 (9.5)
N (N, %) <0.001
0 45 (49.5) 249 (87.7)
1 44 (48.4) 28 (9.9)
2 2(2.2) 7 (2.5)
M (N, %) 0.702
0 87 (95.6) 274 (96.5)
1 4(44) 10 (3.5)
Number of relapses before chemotherapy [Median (Q1, Q3)] 1 (0, 2.0) 0 (0, 1.0) <0.001
Mean time to relapse (months, mean + SD) 3.8+953 32+3.19 0.366

Note: CR, chemotherapy resistant; NCR, non-chemotherapy resistant; UTUC, upper tract urothelial carcinoma;
BCa, bladder carcinoma; Q1, first quartile; Q3, third quartile

there was no significant difference between groups in
Gram staining and species identification (p = 0.520)
(Table 3). At the same time, the mean granulocyte
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TABLE 3. Differences in bacterial species of urinary tract infection between the CR group and the NCR

group
Term CR group NCR group p value
(n=91) (n = 284)
Urinary tract infection (N, %) 82 (90.1) 22 (7.7) <0.001
Diagnosed by urine routine inspection, but without culture 36 10
Diagnosed by urine culture results 46 12
G* bacterium 16/46 (34.8) 3/12(25.0) 0.520
Enterococcus faecalis 13 1
Enterococcus avium - 1
Viridans streptococci - 1
Staphylococcus haemolyticus 3 -
G bacterium 30/46 (65.2) 9/12 (75.0)
Escherichia coli 22 5
Enterobacter cloacae 1 2
Proteus mirabilis 2 1
Pseudomonas aeruginosa 2 -
Bacillus proteus vulgaris - 1
Klebsiella pneumoniae 2 -
Elizabethkingia meningosepticum 1 -

Note: CR, chemotherapy resistant; NCR, non-chemotherapy resistant; Gt, Gram-positive; G', Gram-negative.

in coagulation function and absolute values for other
types of blood cells. The average albumin level in the
CR group and NCR group was 33.7 £ 4.33 and 39.7
+ 4.36 g/L, respectively, with statistical significance
(p < 0.001), but there was no statistical difference
in globulin level between groups (p = 0.555). This
also indicates that when the nutritional status of UC
patients continues to be poor during chemotherapy,
the occurrence of chemoresistance should be vigilant
(Table 4).

Multifocal tumor, later t stage, long-term urinary tract
infection during chemotherapy, and persistently low A/G
are independent risk factors for GC chemoresistance in
UC patients

Multivariable logistic regression analysis was used
to evaluate the association between clinical variables
and GC chemoresistance. Variables that remained sig-
nificant in the multivariate model included multifocal
tumor (OR = 2.60, 95% CI: 1.06, 6.36, p = 0.036),
T stage (OR = 2.85, 95% CI: 1.19, 6.82, p = 0.018),
presence of long-term urinary tract infection (OR =
54.60, 95% CI: 21.19, 140.67, p < 0.001), and lower
A/G ratio (OR = 0.18, 95% CI: 0.03, 0.94, p = 0.042).
Further, we obtained the following prediction model
about the incidence of GC chemoresistance in UC
patients: Logit (P) = —3.69 + 0.96 x multifocal tumor
+ 1.05 x T stage + 4.00 x long-term UTI - 1.73 x

A/G (Table 5). The full regression model, including
all candidate variables, is provided in Table Al.

Factors related to the occurrence time of GC
chemoresistance

All of the above risk factors that may lead to GC
chemoresistance in UC patients are related to the
duration of chemoresistance. It is worth noting that
the younger the patient, the earlier the onset of
chemoresistance may occur (p = 0.033). At the same
time, if the serum albumin level is persistently low,
which means poor nutritional status, it may also lead
to the onset of chemoresistance earlier (p < 0.001). The
other factors were proportional to the time of drug
resistance (Table 6).

Discussion

Intravenous systemic chemotherapy with gemc-
itabine combined with cisplatin is currently the
first-line treatment for advanced UC. For patients
with GC chemoresistance, although other strategies
such as combined immunotherapy can be adopted
clinically, the prognosis of patients is poor.” On the
basis of avoiding excessive medical treatment, if these
patients with a high possibility of chemoresistance
are identified early after surgery, clinicians can add
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TABLE 4. Differences in laboratory test results between the CR group and the NCR group

Term CR group
(n=91)
Fbg (g/L) 3.6 £1.65
INR 1.0£0.12
PLT (10°/L) 211.0 £95.11
GRA (10°/L) 6.1£237
LYM (10°/L) 14+£111
MO (10°/L) 0.5+ 0.30
SII 1209.2 £ 993.09
Albumin (g/L) 33.7 £4.33
Globulin (g/L) 30.7 + 6.31
A/G 1.14 £ 0.26

Inverse A/G (N, %) 34 (37.4)

NCR group p value
(n = 284)
324093 0.054
1.0+ 0.15 0.855
193.3 & 66.12 0.101
4.9+ 6.96 0.011
1.6 £1.77 0.182
0.5+ 0.69 0.503
668.6 + 734.61 <0.001
39.7 £4.36 <0.001
30.3 +4.69 0.555
1.34 £0.24 <0.001
21(7.4) <0.001

Note: CR, chemotherapy resistant; NCR, non-chemotherapy resistant; Fbg, fibrinogen; INR, international normal-
ized ratio; PLT, platelet count; GRA, granulocyte count; LYM, lymphocyte count; MO, monocyte count; SII, systemic

immune-inflammation index; A/G, albumin/globulin ratio.

TABLE 5. Multifactor Logistic analysis of influencing factors of GC chemotherapy resistance in UC

patients
Variables B S.E. p OR (95% CI)
Multifocal (Unifocal as reference) 0.96 0.46 0.036 2.60 (1.06, 6.36)
T stage 1.05 0.44 0.018 2.85(1.19, 6.82)
Urinary tract infection 4.00 0.48 <0.001 54.60 (21.19, 140.67)
A/G -1.73 0.85 0.042 0.18 (0.03, 0.94)

Note: OR, odds ratio; CI, confidence interval; GC, gemcitabine and cisplatin; S.E., standard error; A/G, albu-
min/globulin ratio; (3, regression coefficient from the logistic regression model.

Tislelizumab or other immunotherapy drugs on the
basis of GC chemotherapy in a more timely and accu-
rate manner to improve the prognosis of patients."”
The purpose of this study was to explore the risk
factors leading to GC chemoresistance in UC patients
and to obtain the corresponding prediction model,
in order to play a certain guiding role in clinical
treatment decisions.

Previous studies have studied the molecular
mechanism of GC chemoresistance in urothelial
carcinoma, but there is no conclusion. Shi et al."* rec-
ognized that the expression of heterogeneous nuclear
ribonucleoprotein U (HNRNPU) was associated with
the cisplatin sensitivity of UC, and inhibiting the
expression of HNRNPU could regulate the DNA
damage repair process, then the sensitivity of UC to
cisplatin was enhanced. In addition, the study also
found that HNRNPU can modulate the chemother-
apy sensitivity of UC by affecting the expression

of neurofibromin 1. Metabolomics analysis indicated
that gemcitabine resistance in urothelial cancer cells
may be related to metabolic reprogramming of the
cells themselves.””'” By increasing the metabolism of
aerobic glycolysis and the pentose phosphate path-
way, the synthesis of pyrimidine can be promoted,
and then the production of deoxycytidine triphos-
phate can be increased, so that it can competitively
bind to related receptors with gemcitabine, thereby
reducing the tumor therapeutic effect of gemcitabine.
In addition, isocitrate dehydrogenase 2 can also pro-
mote the metabolism of aerobic glycolysis and the
pentose phosphate pathway by inducing reduced
glutamine metabolism, leading to the generation of
gemcitabine resistance in UC cells. Although the
above studies have explained the possible mecha-
nism of GC chemoresistance in UC patients at the
molecular level, they are mostly aimed at finding
molecular targets of UC chemoresistance and then
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TABLE 6. Factors associated with the time to GC
chemotherapy resistance

Term Correlation p value
coefficient
Age —0.110 0.033
Smoking 0.166 0.001
Multifocal tumor 0.307 <0.001
Maximum diameter of 0.151 0.004
the tumor
Histological type of 0.392 <0.001
tumor
T staging 0.105 0.042
N staging 0.391 <0.001
Number of relapses 0.428 <0.001
before chemotherapy
Urinary tract infection 0.862 <0.001
GRA 0.379 <0.001
SII 0.364 <0.001
Albumin —0.566 <0.001
A/G —0.336 <0.001

Note: GC, gemcitabine and cisplatin; GRA, granulocyte
count; SII, systemic immune-inflammation index; A/G,
albumin/globulin ratio.

developing new drugs to avoid GC chemoresistance.
Due to the lack of a large number of clinical trials and
the high cost of genetic testing, etc. At present, it is
still impossible to predict the possibility of chemore-
sistance in UC patients after surgery. Therefore, this
study conducted statistical analysis based on exist-
ing and easily accessible clinical data, and predicted
whether or not GC chemoresistance would occur in
UC patients after surgery and the time of occurrence
of drug resistance, so that high-risk patients with
chemoresistance could be identified earlier and more
accurately in clinic, and combined chemotherapy and
immunity treatment could be taken in time.

Current studies generally believe that smoking is
an independent risk factor for UC."”” On this basis,
our study also found that long-term smoking may
be a risk factor for GC chemotherapy resistance in
UC patients, but its mechanism remains to be further
studied. Due to the limitations of the retrospective
study method, although we could not further collect
the specific smoking years, smoking quantity, fre-
quency and other parameters of patients, this also
suggests that we should be particularly vigilant about
the occurrence of GC chemotherapy resistance in UC
patients who smoke for a long time.
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In terms of tumor load, we found that whether it
is UTUC or BCa, the higher the T and N stages of
patients, the more recurrence times before chemother-
apy, the more complex histological types, and the
multiple primary tumors are all risk factors leading
to GC chemotherapy resistance. All these indicate
that the higher the degree of malignancy of UC,
the more likely it is to lead to the emergence of
chemotherapy resistance. In recent years, more and
more studies have suggested that the generation of
GC chemotherapy resistance is related to UC cell
death processes such as apoptosis and autophagy.”’
In the initial stage of tumor development, autophagy
can maintain the integrity of the tumor genome and
prevent tumor proliferation, thus playing a role in
tumor inhibition. However, in the process of further
tumor progression and recurrence and metastasis,
UC cells can use protective autophagy to resist stress
damage, which also enables cancer cells to resist the
killing effect of chemotherapy.” Yin et al.”' found that
Nucleosome-localized sirtuin 4 (SIRT4) plays a crucial
role in the regulation of autophagy of tumor cells.
However, the expression level of SIRT4 protein in
BCa is significantly lower than that in normal tis-
sues, and the reduction of SIRT4 level is correlated
with larger tumor size and late T stage, which is
an independent risk factor affecting the prognosis of
BCa patients. Overexpression of SIRT4 significantly
inhibited the proliferation, migration and invasion
of BCa cells, while interference with SIRT4 did the
opposite. Mechanically, SIRT4 can inhibit the growth
of BCa by inhibiting autophagy. This also indirectly
indicates that with the progression of urothelial carci-
noma, its autophagy level changes, and then develops
resistance to GC chemotherapy.

This study also found that long-term urinary tract
infection during chemotherapy in UC patients may
lead to GC chemotherapy resistance, but further bac-
terial culture and species identification found that
there may be no significant difference between Gram-
negative (G) and Gram-positive (G") bacteria in the
role of leading to chemotherapy resistance. The rela-
tionship between bacterial infection and tumor and
chemotherapy resistance of the tumor has been more
involved in previous studies. For example, Helicobac-
ter pylori infection in the digestive tract can lead to
gastric cancer” and cisplatin combined gemcitabine
chemotherapy resistance” through the NF-«kB path-
way, and Clostridium nuclear infection may lead
to oxaliplatin chemotherapy resistance in colon can-
cer and docetaxel and other chemotherapy drugs
resistance in esophageal squamous cell carcinoma.”
However, as is known to us, no studies have been
reported on the relationship between urinary tract

418 Copyright © 2025 The Authors. Published by Tech Science Press; 32(5); October 2025



Chemoresistance factors in advanced urothelial carcinoma

infection and UC chemotherapy resistance. Only a
2016 study by Lee et al.”” found that latent Kaposi
sarcoma-associated herpes virus in BCa cells may
lead to BCa resistance by reducing reactive oxy-
gen species. Although this study did not further
study what bacterial infection may cause the emer-
gence of chemotherapy resistance in UC patients,
nor did it explore the specific mechanism, it still
proposed the research direction for the first time
in terms of urinary system infection and urinary
system tumor chemotherapy resistance. Meanwhile,
previous studies have suggested that urinary E. coli
infection can inhibit the NF-kB pathway by secreting
multifunctional virulence factor toll-interacting pro-
tein of E. coli C-type (TcpC), thereby inhibiting M1
and promoting the polarization of M2 macrophages.”
However, some previous studies have suggested that
changes in the NF-kB pathway and polarization of
macrophages towards the M2 phenotype are impor-
tant mechanisms leading to chemotherapy resistance
in malignant tumors.””* Therefore, it also indirectly
confirmed that urinary tract bacterial infection dur-
ing chemotherapy in UC patients may promote
chemotherapy resistance of tumor cells through the
above pathways, although this still needs to be ver-
ified by experiments at the cellular and molecular
levels. It should be noted that in patients without
urine culture results, the diagnosis of UTI was based
solely on urinalysis findings (i.e., pyuria), which may
not always distinguish true bacterial infections from
tumor-related inflammatory responses. This potential
misclassification is a limitation of the retrospective
design and should be addressed in future prospective
studies with standardized diagnostic protocols.

In solid tumors, the systemic inflammatory sta-
tus of patients is closely related to chemotherapy
resistance and the prognosis of tumors.” The SIl is a
parameter derived from a complete blood count that
measures a patient’s systemic inflammatory status.
In urinary system diseases, it can not only reflect
the infection of the urinary system, but also effec-
tively reflect the activation of the patient’s systemic
immune-inflammatory system. Due to the use of plat-
inum drugs in the course of chemotherapy, many
patients will have varying degrees of myelosuppres-
sion, which can be specifically expressed as a decrease
in the count of white blood cells, platelets, or red
blood cells in peripheral blood. In this case, SIl is more
accurate than the simple count of white blood cells
in the assessment of immunoinflammatory status.”
At the same time, our study showed similar results
to previous studies. Long-term chronic inflammation

during chemotherapy may lead to the emergence of
chemotherapy drug resistance.””* This may also be
related to changes in various signaling pathways of
tumor cells under inflammatory conditions.”

This study also found that lower A/G may be
associated with the development of chemotherapy
resistance. A previous meta-analysis summarized
A total of 12 relevant studies, including 5727 UC
patients, and found that the tumor relapse-free
survival, specific survival and overall survival of
patients with low A /G were significantly lower than
those with high A/G.”* Although the study did not
conduct further subgroup analysis of UC patients
who developed chemotherapy resistance, the rea-
son for this difference in survival was somewhat
related to chemotherapy resistance. At the same time,
patients with low A/G often have poor systemic
nutritional status, which also promotes the produc-
tion of reactive oxygen species (ROS) in tumor cells,
and a large number of studies have confirmed that
ROS accumulation is one of the important mecha-
nisms leading to chemotherapy resistance in tumor
cells.”* This also explains why patients with lower
A/G may be more susceptible to chemotherapy
resistance.

Although this study focused on clinical indica-
tors, the underlying mechanisms linking UTI and
low A/G ratio to chemoresistance merit discus-
sion. Recurrent urinary tract infections can induce
chronic inflammation, creating a tumor-supportive
microenvironment that promotes chemoresistance.
Recent evidence highlights the central role of the
IL-6/STAT3 signaling pathway in this process. Persis-
tent inflammatory stimuli may activate STAT3, which
in turn facilitates epithelial-mesenchymal transition
(EMT), inhibits apoptosis, and supports immune
evasion. These changes enable tumor cell survival
under chemotherapy stress and contribute to resis-
tance. Moreover, malnutrition reflected by a low
A /G ratio may further compromise immune function
and reinforce this inflammatory axis.”” These molec-
ular insights support our clinical observations and
suggest that targeting inflammation-related path-
ways may offer a therapeutic avenue to overcome
chemoresistance.

This study has several limitations. First, its retro-
spective design and small sample size may introduce
selection bias and limit generalizability; multicenter
studies with larger cohorts are needed for valida-
tion. Second, resistance to gemcitabine and cisplatin
was analyzed as a combined GC regimen, with-
out distinguishing drug-specific effects. Third, while
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an association between urinary tract infection and
GC chemoresistance was identified, the underlying
mechanisms remain unclear and warrant further
investigation through cellular and molecular studies.
Incomplete progression data precluded progression-
free-survival (PFS) analysis; logistic regression and
correlation analyses were used as exploratory alter-
natives. Lastly, although the HR was statistically
significant, the narrow confidence interval (95% CI:
1.01, 2.86) suggests limited robustness and should be
interpreted cautiously.

Conclusions

For patients with advanced urothelial carcinoma, the
high degree of malignancy of the tumor, and patients
who suffer a persistently urinary tract infection or low
A/G during GC chemotherapy, clinicians should be
alert to the emergence of tumor chemoresistance and
the possibility of further progression.
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