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Abstract

Background/Objectives: Incidental gallbladder cancer (IGBC) is an uncommon but clinically
important malignancy, typically diagnosed unexpectedly after cholecystectomy performed for
benign indications. Despite its incidental nature, IGBC may present with advanced pathological
features and unfavorable outcomes. This study aimed to evaluate the incidence, clinicopathological
characteristics, surgical management, and prognostic factors of IGBC in a large cholecystectomy
cohort from a tertiary referral center. Methods: A retrospective analysis was performed on 19,798
cholecystectomy procedures conducted between January 2010 and December 2025. Patients with a
preoperative diagnosis of gallbladder cancer or incomplete clinical or pathological data were
excluded. Only cases with invasive incidental gallbladder cancer (IGBC) were included, whereas
dysplasia and carcinoma in situ were excluded. Demographic, clinical, surgical, pathological, and
survival data were systematically collected. Results: Incidental gallbladder cancer was identified in
43 patients (0.22%). The mean age was 71.4 + 9.9 years, and 74.4% were female. Gallstones were
present in 88.4% of patients. Adenocarcinoma was the predominant histology (90.7%), and pT2
disease was the most common stage (41.9%), while 25.6% had advanced-stage tumors (pT3-T4).
Median OS was 26.0 months, and median DFS was 25.5 months in non-metastatic patients.
Pathological T stage was significantly associated with both OS and DFS. Advanced T stage, positive
surgical margins, perineural invasion, lymphovascular invasion, and increasing tumor size were
significantly associated with worse DFS. Re-resection rates were limited, mainly due to advanced age
and comorbidities. Conclusion: Although incidental gallbladder cancer is rare, it leads to clinically
and oncologically significant outcomes. In this study, pathological T stage emerged as a key
prognostic factor influencing both overall survival and disease-free survival. In addition, perineural
invasion, lymphovascular invasion, and positive surgical margins were identified as the main
pathological factors adversely affecting disease-free survival.

Keywords: incidental gallbladder cancer; cholecystectomy; pathological T stage; disease-free
survival

1. Introduction

Gallbladder cancer (GBC) is an aggressive malignancy characterized by rapid progression, poor
prognosis, and high mortality, and it remains difficult to treat [1]. It accounts for approximately 4%
of all gastrointestinal cancers and is the most common malignancy of the biliary tract [2,3]. The vast
majority of cases consist of highly aggressive adenocarcinomas and are responsible for approximately
3,710 new deaths annually in the United States alone [2,4,5]. GBC is generally associated with an
unfavorable prognosis even after treatment, with reported median overall survival ranging from 3 to
22 months [6-8]. Multiple factors contribute to disease development, including gallstones, calcified
gallbladder wall, adenomatous polyps, obesity, estrogen exposure, choledochal cysts, and chemical
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carcinogens [9,10]. Among these, gallstones are considered the strongest risk factor, being associated
with disease development in 75-90% of cases [9,11].

In patients undergoing cholecystectomy for benign indications witho.ut preoperative suspicion
of malignancy, the detection of carcinoma in the gallbladder specimen on histopathological
examination is defined as incidental gallbladder cancer (IGBC) [1-3,12]. The reported incidence of
IGBC ranges from 0.25% to 3.3% [13]. Approximately 27-41% of all gallbladder cancers are reported
to be diagnosed incidentally [14]. With the global increase in the number of laparoscopic
cholecystectomies, a corresponding rise in the frequency of IGBC cases has also been reported [1,15].

The primary reason IGBC cannot be detected in the preoperative period is the absence of specific
clinical or radiological findings. Although certain weakly supported warning signs—such as
irregular gallbladder wall thickening, large polyps, nonvisualization of the gallbladder, or
lymphadenopathy —have been described, these findings do not reliably direct surgeons toward the
presence of IGBC [2,16,17]. The most debated issues in the management of IGBC include whether
additional surgery should be performed, the optimal timing if indicated, and the extent of the surgical
procedure [1,15]. In most IGBC cases, a second surgical intervention may be required to achieve
oncologic adequacy [15]. However, the survival benefit of additional resection across different stages
of GBC remains controversial [1].

In this retrospective study, we aimed to evaluate the clinical, surgical, and pathological
characteristics of patients diagnosed with incidental gallbladder cancer among cholecystectomy cases
performed at our institution between 2010 and 2025, and to compare these findings with the existing
literature in order to contribute to contemporary approaches in the management of IGBC.

2. Materials and Methods
2.1. Study Design and Patient Selection

This retrospective study was conducted using the archival records of our Department of General
Surgery. A total of 19,798 patients who underwent cholecystectomy between January 2010 and
December 2025 were evaluated. Patients with a known preoperative diagnosis of gallbladder cancer
(n = 15) and those with incomplete clinical or pathological data (n = 376) were excluded. The
remaining 19,407 patients underwent surgery for benign indications. Within this cohort, incidental
gallbladder cancer (IGBC) was identified in 43 patients (0.22%). The diagnosis was established
intraoperatively in 4 patients and by postoperative histopathological examination in 39 patients.

Only patients with a diagnosis of invasive incidental gallbladder cancer were included in this
study. Cases of dysplasia and carcinoma in situ (Tis) were excluded from the analysis. Dysplastic
lesions do not represent a patient group comparable to invasive cancer because of their
heterogeneous biological behavior and unpredictable course regarding progression to invasive
carcinoma. Carcinoma in situ lesions, on the other hand, do not breach the basement membrane and
lack invasive potential, thereby being biologically distinct from invasive gallbladder cancers in terms
of prognostic analyses. Inclusion of these lesions could have artificially improved survival outcomes
and introduced methodological bias; therefore, they were excluded from the study. The patient
selection process is summarized in Figure 1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0855.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2026 d0i:10.20944/preprints202602.0855.v1

3 of 13

Total cholecystectomy cases
(2010-2025)

n= 19798
Excluded (n =391)
o Known preoperative
g gallbladder cancer:n = 15
o Insufficient data:n =376
Eligible
(benign preoperative diagnosis)
n= 19407

Incidental gallbladder cancer identified
n =43 (0.22%)

Timing of diagnosis Type of surgery performed
e Intraoperative: n=4 e Simple cholecystectomy: n:31
o Postoperative pathology: n=39 e Cholecystectomy + Gallbladder bed

resection: n=10

e Cholecystectomy + Segment IVb—V
liver resection: n=2

Figure 1. Flowchart of patient selection and inclusion process for incidental gallbladder cancer (IGBC).

2.2. Data Collection and Variables

Demographic characteristics, preoperative laboratory results, ultrasonographic evaluations,
intraoperative findings, and details of the surgical procedures were recorded for all patients.
Preoperative laboratory parameters were obtained prior to the index cholecystectomy, whereas
tumor markers were evaluated only after the histopathological confirmation of malignancy.
Histopathological assessment included tumor type, anatomical location, histologic grade, and the
presence of perineural and lymphovascular invasion; resection margin status was recorded according
to pathology reports. Tumor staging was performed in accordance with the 8th edition of the
American Joint Committee on Cancer (AJCC) classification.

Because malignancy was incidentally detected after cholecystectomy performed for benign
indications in all patients, the initial surgical procedure was limited to cholecystectomy alone.
Consequently, lymph node status (N stage) was not included in the analysis. The presence of distant
metastasis (M stage) was assessed based on postoperative imaging studies performed after
histopathological confirmation of malignancy. Postoperative complications, the need for re-resection,
and clinical outcomes were also included in the analysis.

2.3. Surgical Treatment Approach

All patients underwent laparoscopic or open cholecystectomy with a preoperative diagnosis of
benign disease. Patients diagnosed with IGBC in the postoperative period were evaluated for the
need for additional surgery based on clinical, radiological, and pathological findings. A total of 31
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patients underwent simple cholecystectomy alone and were followed without additional surgical
intervention. In ten patients, gallbladder bed resection was performed in addition to
cholecystectomy. In two patients, anatomical resection of liver segments IVb-V was added to
cholecystectomy. The main reasons for not performing additional surgical intervention in patients
managed with simple cholecystectomy were early-stage disease and the presence of concomitant
comorbid conditions.

2.4. Statistical Analysis

All analyses were performed using IBM SPSS Statistics for Windows, version 27.0 (IBM Corp.,
Armonk, NY, USA). Baseline demographic, clinical, operative, pathological, and laboratory
characteristics were summarized as mean * standard deviation (SD) for normally distributed
continuous variables and as median [interquartile range (IQR)] for non-normally distributed
continuous variables; categorical variables were reported as n (%). Distributional assumptions were
assessed using visual inspection of histograms and Q-Q plots in conjunction with the Shapiro-Wilk
test.

Overall survival (OS) was defined as the time from the index surgery to death from any cause;
patients alive at the last follow-up were censored. Disease-free survival (DFS) was analyzed among
baseline MO patients and defined as the time from surgery to the first documented recurrence or
death, whichever occurred first; patients alive and recurrence-free at the last follow-up were
censored. Kaplan-Meier methods were used to estimate survival functions, summarized by median
and mean survival times (months) with 95% confidence intervals (CIs). In addition, actuarial survival
rates at 24, 48, and 72 months were obtained using a life-table approach with 24-month intervals.

Associations between candidate predictors and OS/DFS were evaluated using univariable Cox
proportional hazards regression, reporting hazard ratios (HRs) with 95% Cls and two-sided Wald p-
values. The proportional hazards assumption was evaluated using log-minus-log survival plots and
time-by-covariate interaction checks. Cox models were fitted using a complete-case approach;
therefore, OS models typically included n =42 (SPSS excluded one patient censored before the earliest
event). The CA 19-9 model included n = 41 due to one additional missing CA 19-9 value, and DFS
models restricted to M0 patients included n = 35. Statistical significance was defined as p <0.05 (two-
sided).

2.5. Ethical Approval

All procedures performed in this study were conducted in accordance with the ethical standards
of the institutional and/or national research committees and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards. This study was approved by the Local
Ethical Committee (Approval number: 2025/010.99/21/33; Approval date: 30.10.2025).

3. Results

As summarized in Table 1, the study cohort included 43 patients with IGBC; the mean age was
71.4 +9.9 years, and women predominated (32/43, 74.4%). Most patients had at least one comorbidity
(39/43, 90.7%). With respect to preoperative biliary history, cholecystitis was common (24/43, 55.8%),
and choledocholithiasis (14/43, 32.6%) and pancreatitis (12/43, 27.9%) were also frequently observed.
A history of prior abdominal surgery was present in 14 patients (32.6%), whereas approximately two-
thirds of the cohort had no previous abdominal surgical history. Smoking history was documented
in 12/43 (27.9%), alcohol use in 5/43 (11.6%), and prior ERCP in 9/43 (20.9%).
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Table 1. Baseline demographic, clinical, operative, and pathological characteristics of patients with incidental
gallbladder cancer (IGBC) (n = 43).

Characteristic Overall
Demographics and preoperative clinical status
Age, years, mean + SD 71.4+9.9
Female sex, n (%) 32 (74.4)
Body mass index category, n (%) Low 7 (16.3); Normal 21 (48.8); High 15 (34.9)
ASA physical status, n (%) 11 (2.3); 1120 (46.5); I11 15 (34.9); IV 7 (16.3)
Any comorbidity, n (%) 39 (90.7)
Hepatitis history, n (%) 1(2.3)
Cholecystitis history, n (%) 24 (55.8)
Choledocholithiasis history, n (%) 14 (32.6)
Pancreatitis history, n (%) 12 (27.9)
Smoking history, n (%) 12 (27.9)
Alcohol use, n (%) 5(11.6)
ERCP history, n (%) 9 (20.9)
Preoperative ultrasonography and gallstone
profile
Gallbladder wall thickness on US, n (%) <3 mm 15 (34.9); 3-10 mm 24 (55.8); >10 mm 4 (9.3)
Primary US finding, n (%) Stone 38 (88.4); Polyp 5 (11.6)
Largest stone size*, n/N (%) <1 cm 12/38 (31.6); 1-3 cm 24/38 (63.2); >3 cm 2/38
(5.3)
Operative characteristics
Surgical urgency, n (%) Urgent 8 (18.6); Elective 35 (81.4)
Surgical approach, n (%) Laparoscopic 31 (72.1);((1)11)2;1 7 (16.3); Conversion 5

Cholecystectomy 31 (72.1);
Cholecystectomy+gallbladder bed resection 10
(23.3); Cholecystectomy+segment IVb—V resection 2
4.7)

None 41 (95.3); Bile leak 1 (2.3); Superficial surgical
site infection 1 (2.3)

Timing of diagnosis, n (%) Intraoperative 4 (9.3); Postoperative 39 (90.7)

Procedure type, n (%)

Postoperative complications, n (%)

Pathology and tumor characteristics

Histology, n (%) Adenocarcinoma 39 (90.7); Other 4 (9.3)

Fundus 3 (7.0); Body (corpus) 26 (60.5); Neck 2 (4.7);
Diffuse 12 (27.9)

Tumor location, n (%)

Perineural invasion, n (%) 19 (44.2)

Lymphovascular invasion, n (%) 17 (39.5)

Histologic grade, n (%) Low 9 (20.9); Intermediate 20 (46.5); High 14 (32.6)

Pathologic T stage, n (%) Tla7 (16.3); T1b 7 (16.3); T2 18 (41.9); T3 8 (18.6); T4
3(7.0)

Distant metastasis (M stage), n (%) MO 36 (83.7); M1 7 (16.3)

Negative (R0) 29 (67.4); Cystic duct positive 5 (11.6);
Liver bed positive 5 (11.6); Not assessable 4 (9.3)
Tumor size, mm, median [[QR] 15 [33]

*Largest stone size is reported among patients with gallstones on ultrasonography (N = 38). ASA, American

Resection margin status, n (%)

Society of Anesthesiologists physical status; ERCP, endoscopic retrograde cholangiopancreatography; IQR, interquartile
range; SD, standard deviation; US, ultrasonography.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0855.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2026 d0i:10.20944/preprints202602.0855.v1

6 of 13

On preoperative ultrasonography, gallbladder wall thickness was 3-10 mm in 24/43 (55.8%), <3
mm in 15/43 (34.9%), and >10 mm in 4/43 (9.3%). The primary ultrasonographic finding was gallstones
in 38/43 (88.4%), whereas polyps were reported in 5/43 (11.6%). Among patients with gallstones (N =
38), the largest stone size was most often 1-3 cm (24/38, 63.2%), followed by <1 cm (12/38, 31.6%);
stones >3 cm were uncommon (2/38, 5.3%).

Most procedures were performed electively (35/43, 81.4%), with urgent surgery in 8/43 (18.6%).
A minimally invasive approach was predominant: laparoscopic in 31/43 (72.1%), with conversion in
5/43 (11.6%) and initially planned open surgery in 7/43 (16.3%). The index surgical procedure was
most commonly simple cholecystectomy (31/43, 72.1%). In addition, gallbladder bed resection was
performed in 10 patients (23.3%) in conjunction with cholecystectomy, while anatomical segment
IVb-V resection was added to cholecystectomy in 2 patients (4.7%). Postoperative complications were
uncommon (41/43, 95.3% had no complication); bile leak and superficial surgical site infection
occurred in 1/43 (2.3%) each. The diagnosis was primarily postoperative/incidental (39/43, 90.7%),
with intraoperative recognition in 4/43 (9.3%).

Pathologically, adenocarcinoma was the dominant histology (39/43, 90.7%). Tumors were most
frequently located in the body/corpus (26/43, 60.5%), followed by diffuse involvement (12/43, 27.9%);
fundus (3/43, 7.0%) and neck (2/43, 4.7%) locations were less common. Perineural invasion was
present in 19/43 (44.2%) and lymphovascular invasion in 17/43 (39.5%). Histologic grade was most
often intermediate (20/43, 46.5%), followed by high grade (14/43, 32.6%) and low grade (9/43, 20.9%).
Pathologic T stage was centered on T2 disease (18/43, 41.9%); Tla and T1b each accounted for 7/43
(16.3%), while T3 and T4 comprised 8/43 (18.6%) and 3/43 (7.0%), respectively. Distant metastasis was
documented in 7/43 (16.3%). Resection margins were negative (R0O) in 29/43 (67.4%); positivity
involved the cystic duct (5/43, 11.6%) and liver bed (5/43, 11.6%), while margin status was not
assessable in 4/43 (9.3%). Tumor size showed substantial variability, with a median of 15 mm [IQR
33].

Baseline laboratory parameters, including complete blood count, liver function tests,
coagulation profile, and tumor markers, were evaluated as part of the initial assessment. Overall,
these values were largely within expected ranges and comparable to those reported for typical
cholecystectomy populations, and none demonstrated a clear association with oncologic outcomes in
exploratory analyses.

As presented in Table 2, Kaplan-Meier estimation for the full IGBC cohort (n=43) demonstrated
a median OS of 26.0 months, with a mean OS of 42.37 + 34.12 months. Actuarial (life-table) estimates
at 24-month intervals indicated cumulative OS proportions of 54% at 24 months, 40% at 48 months,
and 11% at 72 months. DFS was evaluated in patients without distant metastasis at baseline (M0) and,
using a complete-case approach, included 35 patients (14 events; 21 censored). In this cohort, the
median DFS was 25.5 months and the mean DFS was 38.14 + 34.31 months. Life-table estimates
showed DEFS proportions of 60% at 24 months, 53% at 48 months, and 38% at 72 months. Given the
high censoring fraction (21/35), late follow-up estimates should be interpreted cautiously.

Table 2. Kaplan-Meier—-estimated long-term survival outcomes in incidental gallbladder cancer (IGBC).

N (events / Median survival, Mean survival, 2-year 4-year 6-year

Endpoint Analysis cohort censored) months (95% CI) months (24 mo) (48 mo) (72 mo)
Overall survival (OS) Full cohort 43 26.00 [41.00] 4237 +34.12  54%  40% 11%
Disease-free survival (DF) M0 cohort(nodistant o000y 05503750 381443431 60%  53%  38%
metastasis)

CI, confidence interval; DFS, disease-free survival; KM, Kaplan—Meier; MO, no distant metastasis; OS, overall survival.

As shown in Table 3, grouped pathologic T stage was significantly associated with overall
survival (OS) (overall Wald p = 0.038). Relative to T1 disease, T2 showed a non-significant tendency
toward a lower hazard of death (HR 0.38, p = 0.071), whereas T3-T4 was not significantly different
from T1 (HR 2.26, p = 0.200). Resection margin positivity (R1/R2 vs R0) was not associated with OS
(HR 1.41, p = 0.524). Similarly, lymphovascular invasion (HR 1.56, p = 0.411) and perineural invasion
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(HR 1.14, p = 0.807) were not significant predictors of OS. High histologic grade was also not
significantly associated with OS (HR 0.46, p = 0.124). For continuous covariates, tumor size (per 10-
mm increase) was not associated with OS (HR 0.91, p = 0.551), and age (per 1-year increase) was
likewise non-significant (HR 0.99, p = 0.664). Among clinical factors, urgent surgery was associated
with higher mortality (HR 3.47, 95% CI 1.08-11.15; p = 0.037). In contrast, any comorbidity (yes vs no)
was associated with a lower hazard of death (HR 0.19, 95% CI 0.05-0.71; p = 0.013). Regarding
biomarkers and perioperative risk, log-transformed CA 19-9 (model-specific n =41 due to one missing
value) was not associated with OS (HR 0.87, p = 0.345). ASA class III-IV vs I-II (also n = 41) and
hypoalbuminemia (<3.5 g/dL) were not significant predictors (ASA: HR 0.53, p = 0.167; albumin: HR
0.50, p = 0.359). Finally, distant metastasis (M1 vs M0) was not significantly associated with OS in
univariable analysis (HR 1.70, p = 0.484).

Table 3. Univariable Cox proportional hazards regression for overall survival (OS) in incidental gallbladder

cancer (IGBC).
Predictor (unit / contrast; reference) HR  95% CI P value

Pathologic T stage (grouped; overall test) — — 0.038

T2 vs T1 (T1) 0.38 0.13-1.09 0.071

—T3-T4 vs T1 (T1) 226 0.65-7.81 0.200
Resection margin positivity (R1/R2 vs RO; R0) 141 0.49-4.04 0.524
Lymphovascular invasion (present vs absent; absent) 1.56  0.54-4.49 0.411
Perineural invasion (present vs absent; absent) 1.14 0.40-3.29 0.807
High histologic grade (high vs low; low/intermediate) 0.46 0.17-1.23 0.124
Tumor size (per 10-mm increase) 091 0.65-1.25 0.551
Age (per 1-year increase) 0.99 0.94-1.04 0.664
Any comorbidity (yes vs no; no) 0.19 0.05-0.71 0.013
CA 19-9 (log-transformed; per 1-unit increase) 0.87 0.65-1.16 0.345
ASA class (ITI-1V vs I-1I; I-II) 0.53 0.22-1.30 0.167
Hypoalbuminemia (<3.5 vs 23.5 g/dL; 23.5) 0.50 0.11-2.21 0.359
Urgent surgery (urgent vs elective; elective) 3.47 1.08-11.15  0.037
Distant metastasis (M1 vs M0; M0) 1.70 0.39-7.49 0.484

ASA, American Society of Anesthesiologists physical status; CA 19-9, carbohydrate antigen 19-9; CI, confidence interval;
HR, hazard ratio; OS, overall survival.

As shown in Table 4, in the MO-restricted cohort (complete-case Cox models: n = 35; 14
recurrence/death events), grouped pathologic T stage was significantly associated with disease-free
survival (DES) (overall Wald p = 0.013), demonstrating a graded increase in recurrence/death hazard
with advancing T category. Compared with pT1, pT2 disease was associated with substantially worse
DFS (HR 9.51, 95% CI 1.19-75.77; p = 0.033), and pT3—pT4 conferred an even higher hazard (HR 27.61,
95% CI 2.91-262.44; p = 0.004). Margin positivity was strongly associated with inferior DFS (HR 5.91,
95% CI 1.81-19.26; p = 0.003). Lymphovascular invasion (HR 6.37, 95% CI 2.00-20.33; p = 0.002) and
perineural invasion (HR 15.25, 95% CI 3.26-71.34; p = 0.001) were significant adverse prognostic
factors. Tumor size (per 10-mm increase) was also strongly associated with worse DFS (HR 1.92, 95%
CI 1.44-2.57; p <0.001). In contrast, high histologic grade was not associated with DFS (HR 0.72, 95%
CI10.24-2.18; p=0.559), and neither age (per 1-year increase: HR 1.05, 95% CI 0.99-1.12; p = 0.132) nor
hypoalbuminemia (HR 2.68, 95% CI 0.81-8.86; p = 0.106) reached statistical significance.
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Table 4. Univariable Cox proportional hazards regression for disease-free survival (DFS) in incidental
gallbladder cancer (IGBC), restricted to the MO cohort.

Predictor (unit / contrast; reference) HR 95% CI P value

Pathologic T stage (grouped; overall test) — — 0.013

F—T2 vs T1 (T1) 951 1.19-7577  0.033

L—T3-T4 vs T1 (T1) 27.61 290-262.44  0.004
Resection margin positivity (R1/R2 vs R0; RO) 591 1.81-19.26 0.003
Lymphovascular invasion (present vs absent; absent) 6.37  2.00-20.33  0.002
Perineural invasion (present vs absent; absent) 1526 3.26-71.34  0.001
High histologic grade (high vs low; low/intermediate) 0.72  0.24-2.18 0.559
Tumor size (per 10-mm increase) 1.92 1.44-2.57 <0.001
Age (per 1-year increase) 1.05  0.99-1.12 0.132
Hypoalbuminemia (<3.5 vs 23.5 g/dL; >3.5) 2.68  0.81-8.86 0.106

CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; MO, no distant metastasis.

4. Discussion

The identification of incidental gallbladder cancers (IGBC) within a large cholecystectomy
population demonstrates that, despite its rarity, this entity continues to represent a clinically
meaningful problem in daily surgical practice [18,19]. The reported incidence of IGBC after
cholecystectomy varies geographically and has been shown to range between 0.25% and 3.3% [13].
In addition, approximately 27-41% of all gallbladder cancers are reported to be diagnosed
incidentally, and residual disease rates as high as 40-76% have been documented in patients
undergoing re-exploration [14]. These findings indicate that an incidental diagnosis does not
invariably translate into adequate surgical treatment and that the need for additional surgical
intervention is frequently encountered.

From a demographic perspective, advanced age and female sex have consistently been reported
as the most common risk factors for IGBC [20]. Gallbladder cancer is known to occur more frequently
in women, a phenomenon that has been attributed to the role of estrogen in increasing cholesterol
saturation of bile and thereby promoting gallstone formation [21]. In our study, 43 IGBC cases were
identified among approximately 19,798 cholecystectomy procedures, yielding an incidence of 0.22%;
74.4% of the patients were female, and the mean age was 71.4 years. These findings are consistent
with the series reported by Chaturvedi et al,, in which a predominance of female patients was
observed [22]. In contrast, Matsuyama et al. reported a female proportion of 48.6%, suggesting that
demographic distributions may vary according to geographic region and population characteristics
[23]. Moreover, in a systematic review by Kellil et al., age was identified as a significant predictor of
IGBC in seven studies, and Alvi et al. demonstrated a significant association between age over 55
years and postoperative cancer detection [24,25]. Similarly, in a multivariable logistic regression
analysis by Ahn et al., age 265 years was the only factor independently associated with IGBC,
underscoring the importance of advanced age as a key predictor (odds ratio: 2.542; 95% confidence
interval) [26].

Recent studies have shown that gallstone disease is the most common indication for
cholecystectomy in patients ultimately diagnosed with IGBC [27]. Nevertheless, the overall incidence
of IGBC among all patients undergoing cholecystectomy remains low, reported at approximately
0.25% (67 of 26,572 patients) [27]. To date, no specific clinical findings or reliable radiological features
have been clearly defined to predict early gallbladder cancer or benign premalignant lesions in
patients with gallstones [28]. Gallstones, however, are widely recognized as the strongest risk factor
for gallbladder cancer and are implicated in disease development in 75-90% of cases [9,11]. In line
with these observations, the rate of cholelithiasis in our cohort was 88.4%, demonstrating close
concordance with the existing literature.

Pathological evaluations indicate that advanced-stage disease and aggressive biological features
cannot be entirely excluded despite an incidental diagnosis. Adenocarcinomas (not otherwise
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specified, NOS) represent the most common histologic subtype of malignant gallbladder neoplasms,
accounting for approximately 90-95% of all cases; in line with this, the adenocarcinoma rate among
IGBC cases in our cohort was 90.7% [21]. The literature indicates that the majority of IGBC cases not
suspected preoperatively are diagnosed at pTl-pT2 stages, and similarly, pT2 was the most
frequently identified stage in our study (41.9%) [14,19]. Nevertheless, the presence of pT3-4 disease
in 25.6% of cases demonstrates that an incidental diagnosis does not preclude advanced-stage
disease. In the series reported by Chaturvedi et al., 20.8% of patients had pT1 disease, 52% had pT2
disease, and 27.2% had pT3 disease, with pT2 being the most common presentation stage [22].
Likewise, Wu et al. reported advanced-stage disease (pT3—4) in 31.8% of patients. [3] The fact that
advanced-stage (T3-T4) tumors are more readily detectable on preoperative imaging and during
intraoperative assessment has been proposed as a possible explanation for the relatively higher
proportion of early-stage tumors among IGBC cases diagnosed after laparoscopic cholecystectomy
[3]. In addition, the rates of perineural invasion and lymphovascular invasion in our cohort were
44.2% and 39.5%, respectively, which are comparable to the rates of 53% and 45% reported by Ethun
et al., underscoring that aggressive pathological features should not be overlooked in IGBC [30].

For gallbladder cancer (GBC), surgical resection remains the only potentially curative treatment,
with radical cholecystectomy constituting the standard approach [14]. Radical cholecystectomy
involves en bloc removal of the gallbladder, a wedge resection of at least 2 cm or more from the
gallbladder bed (segments IV and V of the liver), and regional lymph node dissection [14]. Current
guidelines recommend re-resection following laparoscopic cholecystectomy (LC) in patients with
IGBC staged as T1b, T2, or T3. [31] In our study, re-resection was recommended for patients with
appropriate stages, excluding those with Tla disease (n = 7) and those with metastatic disease at
diagnosis (n = 8); however, 16 of the 28 eligible patients declined re-resection. Similarly, Wu et al.
reported that radical re-resection was recommended for patients with T1b or higher-stage tumors
without poor performance status or severe comorbidities, yet only a limited proportion of patients
accepted this intervention [3]. In that study, advanced age was identified as the primary determinant
for refusal of reoperation (69.2%), likely related to the high mean age of the cohort (66.4 + 12.5 years)
[3]. Owing to the limited number of patients undergoing re-resection, prognosis in this subgroup was
considered to largely reflect the natural history of IGBC, and the survival impact of re-resection could
not be adequately assessed [3]. Likewise, Ahn et al. reported that the majority of patients with pT2-
pT3 disease were treated with cholecystectomy alone because of advanced age (median 75 years) and
accompanying comorbidities [26]. Collectively, these findings suggest that advanced age and
comorbidity burden are key clinical factors limiting the application of re-resection, despite guideline
recommendations.

Pathological T stage is widely regarded as one of the most critical prognostic determinants in
gallbladder cancer, as it directly reflects tumor burden and biological aggressiveness [32,33]. Wu et
al. reported that advanced T stage was significant in univariable analyses evaluating potential risk
factors associated with poor prognosis [3]. Similarly, Mazer et al. demonstrated that T stage was a
significant predictor of mortality, with advanced T stage associated with an approximately 7.6-fold
increased risk of death [34]. Consistent with these reports, pathological T stage in our study was
significantly associated with both disease-free survival (DFS) and overall survival (OS), emerging as
one of the strongest prognostic factors. The presence of advanced pathological stage (pT3-4) was
associated with an approximately 27.61-fold increased risk for DFS compared with early-stage
disease. In addition, perineural invasion was associated with an approximately 15.26-fold increase in
DES risk, lymphovascular invasion with a 6.37-fold increase, and positive surgical margins with a
5.91-fold increase. In the study by Altiok et al., perineural invasion and lymphovascular invasion
were detected in 40% and 27.5% of patients, respectively, and both parameters were highlighted as
having substantial prognostic importance [20]. Regarding margin status, Vega et al. demonstrated
significantly worse OS in patients with positive cystic duct margins at the index cholecystectomy [35].
In contrast, in our cohort, margin positivity was associated with a significant reduction in DFS but
did not translate into a statistically significant difference in OS, suggesting that while positive
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margins increase the risk of early recurrence, their impact on OS may be attenuated in cohorts
dominated by advanced age and competing clinical factors. Reported survival outcomes in the
literature show that Wu et al. observed a mean OS of 50.5 months for all IGBC patients, with 1-, 3-,
and 5-year cumulative OS rates of 79.8%, 49.0%, and 40.8%, respectively [3]. By comparison, the mean
OS in our study was 42.37 months, with 2-, 4-, and 6-year cumulative OS rates of 54%, 40%, and 11%,
respectively.

When tumor size was analyzed as a continuous variable, each 10-mm increase was associated
with an approximately 1.9-fold increase in DFS risk, supporting the prognostic relevance of tumor
burden. In contrast, Ahn et al. reported that while advanced pT stage was a significant risk factor for
recurrence and survival, tumor size itself was not significantly associated with clinical outcomes [26].
Despite these substantial effect sizes, the wide confidence intervals observed —particularly for
advanced pathological stage and perineural invasion—warrant careful interpretation. In our study,
the confidence interval for advanced-stage disease ranged from 2.91 to 262.44, indicating biologically
consistent effect direction but limited precision attributable to the small number of events.

In OS analyses, the most notable and unexpected finding was the apparent association between
the presence of comorbidity and improved OS (HR = 0.19). However, the very high prevalence of
comorbidity in our cohort (90.7%) resulted in a small comparator group without comorbidities,
complicating interpretation. This observation may be influenced by methodological factors such as
selection bias, differences in treatment allocation, and competing risks. Similarly, several clinical and
pathological variables did not reach statistical significance in DFS or OS analyses, suggesting that
their effects on survival may be modest and characterized by small effect sizes. Korkmaz et al. also
emphasized that the rarity of incidental gallbladder carcinoma limits case numbers, reduces
statistical power, and increases the risk of type II error [36]. Accordingly, unexpected or statistically
non-significant findings in retrospective cohorts with limited patient and event numbers should be
interpreted with appropriate caution.

5. Conclusion

This study demonstrates that, although incidental gallbladder cancer is rare within a large
cholecystectomy population, it leads to clinically and oncologically meaningful outcomes. Our
findings indicate that an incidental diagnosis does not exclude advanced-stage disease or aggressive
pathological features, and that pathological T stage represents the strongest prognostic determinant
for both disease-free survival and overall survival. Perineural invasion, lymphovascular invasion,
and positive surgical margins were significantly associated with an increased risk of recurrence,
whereas re-resection rates remained limited despite guideline recommendations, largely due to
advanced age and accompanying comorbidities. In addition, differences observed in survival
analyses and certain unexpected findings should be interpreted in the context of the retrospective
study design, the limited number of events, and imbalances in patient distribution. Collectively, these
results underscore the importance of meticulous pathological assessment, appropriate patient
selection, and individualized surgical decision-making in incidental gallbladder cancer, and
highlight that prognosis may remain heterogeneous even in cases detected at an early stage.
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