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Abstract

BACKGROUND

Gallbladder cancer (GBC) is the most common malignant tumor of the biliary
system, and is often undetected until advanced stages, making curative surgery
unfeasible for many patients. Curative surgery remains the only option for long-
term survival. Accurate postsurgical prognosis is crucial for effective treatment
planning. tumor-node-metastasis staging, which focuses on tumor infiltration,
lymph node metastasis, and distant metastasis, limits the accuracy of prognosis.
Nomograms offer a more comprehensive and personalized approach by visually
analyzing a broader range of prognostic factors, enhancing the precision of
treatment planning for patients with GBC.

AIM
To identify risk factors and develop a predictive model for GBC prognosis.

METHODS

A retrospective study analyzed the clinical and pathological data of 93 patients
who underwent radical surgery for GBC at Peking University People's Hospital
from January 2015 to December 2020. Kaplan-Meier analysis was used to calculate
the 1-, 2- and 3-year survival rates. The log-rank test was used to evaluate factors
impacting prognosis, with survival curves plotted for significant variables. Single-
factor analysis revealed statistically significant differences, and multivariate Cox
regression identified independent prognostic factors. A nomogram was
developed and validated with receiver operating characteristic curves and
calibration curves.

RESULTS

Among 93 patients who underwent radical surgery for GBC, 30 patients survived,
accounting for 32.26% of the sample, with a median survival time of 38 months.
The 1-year, 2-year, and 3-year survival rates were 83.87%, 68.82%, and 53.57%,
respectively. Univariate analysis revealed that carbohydrate antigen 19-9 expre-
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ssion, T stage, lymph node metastasis, histological differentiation, surgical margins, and invasion of the liver, ex-
trahepatic bile duct, nerves, and vessels (P < 0.001) significantly impacted patient prognosis after curative surgery.
Multivariate Cox regression identified lymph node metastasis (P = 0.03), histological differentiation (P < 0.05),
nerve invasion (P = 0.036), and extrahepatic bile duct invasion (P = 0.014) as independent risk factors. A nomogram
model with a concordance index of 0.838 was developed. Internal validation confirmed the model's consistency in
predicting the 1-year, 2-year, and 3-year survival rates.

CONCLUSION

Lymph node metastasis, tumor differentiation, extrahepatic bile duct invasion, and perineural invasion are
independent risk factors. A nomogram based on these factors can be used to personalize and improve treatment
strategies.

Key Words: Gallbladder cancer radical surgery; Prognosis of gallbladder cancer; Multifactor analysis; Independent risk factors;
Nomogram; Survival prediction model

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gallbladder cancer (GBC) is the most prevalent malignant tumor in the biliary system, with curative surgery being
the only viable option for long-term survival. Accurate postoperative prognosis assessment is essential for effective
treatment planning. Our study identifies lymph node metastasis, tumor differentiation, extrahepatic bile duct invasion, and
neural invasion as independent risk factors for postoperative prognosis in GBC patients. we developed a nomogram model
that demonstrates strong internal validation consistency.

Citation: Li XF, Ma TT, Li T. Risk factors and survival prediction model establishment for prognosis in patients with radical resection
of gallbladder cancer. World J Gastrointest Surg 2024; 16(10): 3239-3252

URL: https://www.wjgnet.com/1948-9366/full/v16/i110/3239.htm
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INTRODUCTION

Gallbladder cancer (GBC), the most common type of malignant tumor in the biliary tract, often shows nonspecific
symptoms and signs during its initial stages. Its onset is gradual and highly malignant, with a median survival time of
less than one year and a five-year survival rate ranging from 5% to 13%[1,2]. The main treatment for GBC is radical
resection, which offers the possibility of long-term survival[3,4]. However, patients with locally advanced disease, the
survival rate after surgery alone is low, with a high recurrence rate. Therefore, accurate prognosis assessment after
surgery is critical for developing effective treatment plans. Tailoring individualized treatment strategies on the basis of
different prognostic risk factors is key to enhancing patient outcomes. While the tumor-node-metastasis (TNM) staging
system is commonly used for guiding treatment, its focus on tumor extent, lymph node status, and distant metastasis has
limitations in prognostic evaluation. Identifying independent risk factors and creating predictive models are crucial for
evaluating survival and treatment outcomes. Currently, the existing predictive models for GBC prognosis are limited and
often require advanced statistical understanding, hindering their clinical utility. This study aimed to gather pathological
data from GBC patients who underwent radical surgery, identify independent risk factors influencing patient prognosis,
and develop a predictive nomogram model. This model will serve as a valuable tool for prognosis assessment and
personalized treatment planning for patients.

MATERIALS AND METHODS

Patient characteristics
A retrospective analysis of 185 GBC patients at Peking University People's Hospital from 2015 to 2020 revealed that 104
patients underwent curative resections. Ninety-three patients were included in the statistical analyses (Figure 1).

Data collection and follow-up

Surgical treatment details were obtained from operative records, whereas information on adjuvant therapy was acquired
through hospitalization records and subsequent follow-up. All patients were maintained on regular follow-up, every 3
months for the first 2 years, and every 6 months for the next 3 years. Follow-up was conducted via either outpatient visits
or telephone calls. The follow-up period extended until December 31, 2023, with patient mortality serving as the endpoint
of the event.
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Total patients (n = 185)

_— —
_— ~—
— ~

Excluded (n = 81) Included (n = 104)
Palliative treatment for advanced GBC (n = 56 ) Taken for curative surgery
Incomplete medical records or follow-up information (n = 15)
Concurrent malignancies (n = 10 )

Eligible patients (n = 93 ) Excluded (n = 11)
Non-adenocarcinomatous (n = 6 )
Deaths unrelated to the diagnosed
gallbladder condition (n=5)

Figure 1 Details of the included patients. GBC: Gallbladder cancer.

Statistical analysis

Age, which was initially viewed as a continuous variable, was discretized to facilitate optimized statistical analysis. Using
SPSS software (version 25.0), a threshold age of 57 years was determined through receiver operating characteristic curves
(ROC) curve analysis. This led to the classification of age into two groups: < 57 years and > 57 years. Categorical data are
presented as percentages (%) and were compared via the )? test. Survival rates were assessed via the Kaplan-Meier
method with GraphPad Prism software, and corresponding survival curves were generated. Various prognostic factors
including age, sex, carbohydrate antigen 19-9 (CA19-9) Levels, histological differentiation, invasion depth (pT stage),
lymph node metastasis, liver involvement, bile duct invasion, vascular or neural infiltration, and the presence of cancer
cells within 1 cm of the gallbladder resection margin (recognized as a positive surgical margin), were scrutinized via the
log-rank test. Univariate Cox regression analysis was carried out in R software to identify statistically significant variables
(P < 0.05). These significant variables were then subjected to stepwise backward regression employing the step Akaike
information criterion (AIC) function from the MASS package in R, which is based on the AIC, to select the model with the
lowest AIC value for inclusion in the multivariable Cox regression analysis. The independent prognostic factors identified
(P < 0.05) were utilized to develop a survival prediction nomogram. The model's reliability was assessed through internal
validation employing the bootstrap resampling method (bootstrap = 200). Model performance was evaluated by
generating ROC curves and calibration curves. A significance level (alpha) of 0.05 was established, with P values lower
than 0.05 considered statistically significant.

RESULTS

Patient demographics and clinical characteristics

Patient clinical data, including age, sex, presence of gallbladder stones, preoperative full blood count, biochemical
markers, liver and kidney function assessments, and CA19-9 levels, were recorded. Values exceeding the standard range
were considered positive. Details on postoperative adjuvant treatment are outlined in Table 1.

Pathological features

The pathological characteristics of the tumors are described including the T stage, lymph node involvement, histological
type of the tumor, degree of tumor differentiation, and the presence of liver, bile duct, neural, or vascular invasion. These
features are detailed in Table 2. The TNM staging for these patients is based on the American Joint Committee on Cancer
(AJCC) 8™ edition GBC staging criteria.

Factors affecting survival

As of December 31, 2023, among the cohort of 93 patients, the median follow-up time was 60 months. At the end of this
period, 30 patients (32.26%) remained alive, whereas 63 (67.74%) had died from the disease, with a median survival
duration of 38 months. The analysis provides a clear depiction of the prognostic impact of the disease staging at diagnosis
on patient outcomes (Figure 2). These data underscore the variable progression patterns and survival outcomes across
different stages of the disease.

The analysis of the clinical and pathological variables in a cohort of 93 patients demonstrated that factors such as sex,
age, and adjuvant therapy following surgery did not have a significant influence on postoperative survival rates.
Conversely, notable indicators of postoperative survival included CA19-9 levels, T staging, lymph node metastasis, tissue
differentiation, surgical margins, liver invasion, bile duct invasion, perineural invasion, and lymphovascular invasion (P
< 0.05; Figure 3).

Survival regression analysis for postoperative outcomes
A study using univariate Cox regression analysis was conducted to assess twelve potential prognostic factors in patients
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Table 1 Clinical characteristics of patients undergoing curative surgery for gallbladder cancer (n = 93), n (%)

Factor n=93
Age (mean * SD) 64.18 £12.05
Age distribution
<40 2 (2.15)
40-49 9 (9.68)
50-59 23 (24.73)
60-69 21 (22.58)
70-80 32 (34.41)
>80 6 (6.45)
Sex
Male 38 (40.86)
Female 55 (59.14)
Gallstones
Yes 42 (45.16)
No 51 (54.84)
Hematologic parameters
Red blood cell (10'2/L) 415+1.82
White blood cell (10°/L) 7.60 +3.27
Hemoglobin (g/L) 122.62 +16.83
Neutrophils (%) 41.04 £12.91
Lymphocytes (%) 18.99 £10.91
Liver function test
ALT (U/L) 43.71 +35.03
AST (U/L) 43.13 +40.61
ALP (U/L) 89.15 + 74.44
ALP (U/L) 71.99 +82.92
GGT (U/L) 35.94+6.19
Albumin (g/L) 43.71 +£35.03
Bilirubin Level
TB (umol/L) 33.84 +56.43
DB (umol/L) 6.01 +3.62
CA19-9 marker
Positive 41 (44.09)
Negative 52 (55.91)
Adjuvant therapy
Yes 44 (47.31)
No 49 (52.69)

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ALP: Alkaline Phosphatase; GGT: Gamma-Glutamyl Transferase; TB: Total Bilirubin;

DB: Direct Bilirubin; CA19-9: Carbohydrate antigen 19-9.
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Table 2 Histopathological details of gallbladder patients (n = 93), n (%)

Patient characteristic n=93
pT stage
T1-T2 29 (31.18)
T3-T4 64 (68.82)

Lymph node metastasis

NO 54 (58.06)
N1 34 (36.56)
N2 5 (5.38)

Pathological staging (AJCC 8t")
I 25 (26.88)
1LV 68 (73.12)

Degree of tissue differentiation

Well differentiated 25 (26.88)
Moderately differentiated 23 (24.73)
Poorly differentiated 45 (48.39)

Surgical margin
Positive 10 (10.75)
Negative 83 (89.25)
Liver invasion
Positive 43 (46.24)

Negative 50 (53.76)

Extrahepatic bile duct invasion

Positive 36 (38.71)

Negative 57 (61.29)
PNI

Positive 29 (31.18)

Negative 64 (68.82)
LVI

Positive 33 (35.48)

Negative 60 (64.52)

AJCC: American Joint Committee on Cancer; LVI: Lymphovascular invasion; PNI: Perineural invasion.

with GBC who underwent curative surgery. The variables under investigation included sex, age, CA19-9 positivity, T
stage, lymph node metastasis, tissue differentiation, surgical margin status, liver invasion, extrahepatic bile duct invasion,
neural invasion, vascular invasion, and receipt of adjuvant therapy. The findings demonstrated statistically significant
associations with overall survival (OS) for CA19-9 positivity, T stage, lymph node metastasis, tissue differentiation,
surgical margin status, liver invasion, extrahepatic bile duct invasion, neural invasion, and vascular invasion (P < 0.001)
as indicated in Table 3. A stepwise backward regression analysis was performed to choose the best variable combination,
including liver invasion, extrahepatic bile duct invasion, degree of tissue differentiation, lymph node metastasis, and
neural invasion. These factors were used in a multivariable Cox regression analysis, which revealed that lymph node
metastasis (P = 0.03), degree of tissue differentiation (P < 0.05), neural invasion (P = 0.036), and extrahepatic bile duct
invasion (P = 0.014) were significant independent risk factors affecting GBC prognosis after surgery. Liver invasion was
also noted as an important prognostic factor (P = 0.063; Table 4).

Development and validation of a nomogram

Using the AIC and multivariate Cox regression, this research revealed five key variables for a nomogram for predicting 1-
year, 2-year, and 3-year OS (Figure 4). The ROC curves for 1-, 2-, and 3- year OS were 0.892, 0.937, and 0.919, respectively,
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Table 3 Univariate analysis of prognostic factors in patients undergoing radical surgery for gallbladder cancer, n (%)

Factor Frequency/percentage HR (95%Cl) P value
Sex

Male 38 (40.9) -

Female 55 (59.1) 0.75 (0.45-1.23) P=0.248
Age

<57 25 (26.9) -

257 68 (73.1) 1.51 (0.84-2.70) P=0.165
CA199

Negative 52 (55.9) -

Positive 41 (44.1) 5.05 (2.97-8.60) P <0.001
T stage

T1-T2 29 (31.2) -

T3-T4 64 (68.8) 7.62 (3.44-16.87) P <0.001

Lymph node metastasis

NO 54 (58.1) =
N1 34 (36.6) 418 (2.44-7.15) P <0.001
N2 5 (5.4) 4.69 (1.79-12.26) P =0.002

Differentiation degree

Well-differentiated 25 (26.9) -
Moderately differentiated 23 (24.7) 10.28 (3.50-30.21) P <0.001
Poorly differentiated 45 (48.4) 11.38 (4.03-32.11) P <0.001

Surgical margin

Negative 83 (89.2) -

Positive 10 (10.8) 3.10 (1.54-6.22) P =0.002
Liver invasion

Absent 50 (53.8) -

Present 43 (46.2) 6.91 (3.99-11.97) P <0.001

HR: Hazard ratio; CA19-9: Carbohydrate antigen 19-9.

highlighting the model's accuracy, stability, and discriminative ability (Figure 5). Moreover, the model was internally
validated, showing a concordance index (C-index) of 0.838, indicating good agreement between the predicted and
observed survival rates (Figure 6).

DISCUSSION

GBC holds the sixth position among gastrointestinal neoplasms, representing 1.2% of all cancer cases. Its frequency is
progressively increasing, and the overall prognosis is generally unfavorable, typically resulting in a median survival of
less than one year in advanced stages[1]. Despite these challenges, comprehensive investigations regarding the clinical
and pathological prognostic determinants in patients with GBC are scarce[5,6]. This study constructed a clinical
prediction nomogram utilizing four distinct risk factors: The presence of lymph node metastasis, tumor grade, invasion of
the bile duct, and neural invasion. Through internal validation, the feasibility of the nomogram was confirmed, providing
an alternative to the conventional TNM models for predicting survival. The prognosis of GBC patients is shaped by a
multifaceted interplay of elements, leading to discrepancies in findings across previous studies due to variations in
assessment criteria and research emphases[7].
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Table 4 Multivariate cox regression analysis

Variable HR 95%Cl P value
Lymph node metastasis

N1 112 0.39-3.22 P=0.835

N2 1.93 1.07-3.48 P =0.030
Degree of differentiation

Moderately differentiated 4.08 1.32-12.64 P=0.015

Poorly differentiated 433 1.35-13.89 P=0.014
Surgical margin

Positive 0.39 0.20-0.74 P =0.004
Liver invasion

Present 1.97 0.96-4.03 P =0.063
Extrahepatic bile duct invasion

Present 2.39 1.20-4.77 P=0.014
Perineural invasion

Present 1.83 1.04-3.22 P =0.036

HR: Hazard ratio.
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Figure 2 Stagewise overall survival.

Lymph node metastasis

Lymph node metastasis is a common occurrence in advanced GBC and significantly impacts prognosis[8-10]. The N
classification in the 8th edition of the AJCC Cancer Staging Manual prioritizes the number of affected nodes over their
location, underscoring its prognostic importance[10]. Metastasis to lymph nodes in patients with GBC poses an
independent risk factor for postoperative survival due to various factors: Disease progression to advanced stages,
necessitating aggressive treatments like extensive surgeries and intensified chemotherapy or radiotherapy[11], reflecting
heightened tumor aggressiveness, lowering long-term survival rates, and potential presence of specific biomarkers like
differentially expressed proteins[12]. Overall, lymph node metastasis in GBC is a crucial prognostic factor indicating
disease spread, tumor aggressiveness, treatment complexity, and recurrence risk. Vigilant post-treatment monitoring and
follow-up are necessary to promptly detect and manage lymph node involvement and other signs of recurrence.

Tumor differentiation
Tumor differentiation plays a critical role in treatment and prognosis, as evidenced by various studies indicating its
impact on postoperative outcomes[9,13,14].
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Figure 4 Nomogram for predicting survival in patients after radical surgery.

Tumor differentiation affects the tumor microenvironment, influencing factors such as angiogenesis, immune evasion,
and cell interactions, thus affecting cancer growth and treatment responses[15,16].

Patients with moderately and poorly differentiated GBC in the study demonstrated lower survival rates, underscoring
the aggressive nature of less differentiated cancers. Conversely, those with well-differentiated tumors had higher survival
rates, showing a clear link between differentiation and patient survival. The degree of differentiation not only correlates
with tumor behavior, affecting growth, invasion, and metastasis, but also significantly impacts clinical management. For
patients with moderately and poorly differentiated tumors, more aggressive treatments such as radiotherapy and
chemotherapy are necessary due to their high metastatic potential. Despite postoperative adjuvant therapy, poorly differ-
entiated tumors may not respond as effectively due to their aggressiveness. Therefore, tumor differentiation is vital for

determining treatment strategies, monitoring tumor progression, and designing personalized therapeutic approaches for
GBC.

Extrahepatic bile duct invasion

Extrahepatic bile duct invasion, which is often associated with biliary obstruction and jaundice, is a significant
independent prognostic factor in GBC patients. In our research, 36 patients (38.71%) presented with this condition and
underwent resection of the extrahepatic bile duct. At the conclusion of the follow-up period, the mortality rate was
alarmingly high at 97.22%, with only one patient surviving. A fraction of these individuals exhibit obstructive jaundice as
a clinical manifestation. The degree of invasion along the extrahepatic bile duct, which is dictated by biliary anatomy,
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plays a critical role in determining resectability in advanced stages of the disease. Evaluating both the presence and extent
of bile duct invasion is imperative for accurately assessing tumor resectability. Patients with preoperative obstructive
jaundice experienced notably poorer prognoses, with a median survival of 5 months in contrast to 23.81 months for those
without jaundice.

Curative resection represents a potential treatment option for advanced GBC featuring extrahepatic bile duct invasion
and/or jaundice, provided that there is no distant metastasis and that RO resection is feasible[17]. Nevertheless, the
intricate nature of such cases presents challenges to achieving curative resection. Surgical strategies should be effective if
the intervention does not surpass the liver or bile duct. For example, when the resection of neighboring organs, such as
hepatopancreatoduodenectomy, is necessary, meticulous patient selection is paramount[18,19]. Further investigations are
warranted to elucidate the contraindications for curative surgery in these patients, aiming to optimize treatment
outcomes.

Neural invasion

Perineural invasion (PNI) in GBC is considered a harmful pathological factor, that is correlated with increased tumor
aggressiveness, increased recurrence rates, and notably poorer outcomes, leading to substantially reduced survival rates
[20]. PNI commonly occurs in tumors near the gallbladder neck or cystic duct, and is often associated with higher T
stages and various clinicopathological characteristics, such as the tumor size, lymph node metastasis, and overall tumor
staging[21,22]. Within our patient group, individuals with PNI had significantly reduced OS, with a median OS of 22
months compared with 48 months for those without PNI. Moreover, neural invasion is linked to higher T stages,
increased lymph node metastasis rates, worsening prognoses, and complicating disease management. The majority of
stage III/IV patients presented with PNI (28/29), whereas only one stage I/1II patient presented with PNI. Patients with
neural invasion also demonstrated a considerably greater probability of lymph node metastasis than did those without
neural invasion (65.52% vs 31.25%, P < 0.05). Despite its significant prognostic impact, the influence of neural invasion on
survival can be alleviated. Among the 29 patients with neural involvement, those who underwent postoperative adjuvant
therapy had a median survival time of 43.5 months, which was significantly longer than the 13.87 months observed in
patients who did not receive such treatment. This underscores the importance of timely and appropriate therapeutic
interventions, such as postoperative adjuvant therapy, in enhancing patient outcomes. These findings indicate that
clinicians should adopt a proactive, multidisciplinary approach for the treatment of patients with PNI-positive GBC.
Future research should concentrate on delving deeper into the mechanisms of neural invasion and its implications for
therapeutic approaches, with the goal of increasing survival rates and enhancing the post surgery quality of life for these
patients.

Ad(ditional clinical and pathological factors

Sex: GBC occurrence varies between sexes and is more prevalent in women than in men, with ratios ranging from 2:1 to
6:1[23]. In our analysis, we noted a ratio of 1.45:1, comprising 55 females and 38 males. This difference is likely attributed
to the association between estrogen-induced gallstone formation and an increased risk of GBC in females. Studies indicate
that estrogen can stimulate gallstone formation by increasing cholesterol levels in bile[24]. This, combined with chronic
cholecystitis, is a well-established risk factor for GBC, impacting approximately 70%-88% of patients[25]. In our dataset,
approximately half of the patients had concurrent gallstones, potentially indicating specific environmental and genetic
susceptibilities within the studied population. The gallstone prevalence was notably greater in female patients (64.29%)
than in male patients (35.71%), highlighting sex-specific factors related to GBC etiology. This disparity underscores the
necessity for targeted investigation into biological mechanisms and the establishment of sex-specific preventive strategies
in GBC care.

Age distribution: In this study, GBC onset occurred mostly between the ages of 70 and 80. However, data from the
Global Cancer Observatory show that the highest GBC rates are in individuals above 85 years of age[26], with the main
age range for gallbladder and bile duct cancer in domestic cases being 80 to 84 years[26,27]. The difference in age distri-
bution could be due to the small sample size and the limited focus of our center's group, which is not representative of
the general population. Higher rates in older age groups might stem from a lack of awareness or reluctance to seek
treatment for tumors, leading to delayed medical consultation, resulting in statistical bias from underrepresentation of
this age group.

Surgical margins in nonmetastatic GBC: For nonmetastatic GBC, radical cholecystectomy with nonanatomical wedge
resections of liver segments IVb/V and regional lymphadenectomy are standard. Ensuring negative surgical margins is
crucial as they greatly impact OS. Studies indicate that positive margins (R1 resection) are linked to a shorter median OS
and increased risks of mortality [hazard ratio (HR) = 4.08, 95%CI: 1.22-13.64, P < 0.001] and recurrence (HR = 4.13, 95%CI:
1.22-13.9, P < 0.001)[3,28]. When negative margins are not achieved, two common scenarios are positive liver margins and
positive extrahepatic bile duct margins. Positive liver margins usually occur when the tumor invades the middle hepatic
vein, and surgeons may choose to preserve the vein to avoid liver failure, especially in elderly patients, resulting in
positive margins. Positive bile duct margins occur when the tumor extends into the pancreatic segment of the common
bile duct and reaches the hepatic hilum. An RO resection in these cases would require both a-pancreatoduodenectomy
and liver resection, but many patients cannot undergo such extensive surgery, leading to positive bile duct margins.

Liver invasion: Liver invasion greatly impacts the prognosis of GBC patients and is crucial in assessing patient outcomes
after surgery[29,30]. Univariate analysis validated its significant influence on survival. Advanced imaging methods, such
as computed tomography with three-dimensional reconstruction are advised before surgery to evaluate the extent of liver
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invasion. This assessment helps in determining the required resection extent during surgery and ensuring sufficient
remaining liver volume for postoperative liver function maintenance.

Adjuvant therapy: Although adjuvant therapy improves survival rates for advanced GBC patients, uptake is low, with
less than one-third of eligible patients receiving it[21]. In our study, fewer than half of the patients received adjuvant
therapy, mainly due to contraindications such as advanced age, liver and cardiopulmonary dysfunction, other
comorbidities, and concerns about drug side effects and resistance, complicating treatment delivery. A retrospective
analysis conducted at the Mayo Clinic revealed a notable increase in survival rates among individuals receiving adjuvant
treatment[31]. In contrast, in our research, the limited number of participants did not exhibit evident advantages from
adjuvant therapy, mainly because of the patients' initial frail health status and the aggressive characteristics of their
advanced-stage ailment. Consequently, adjuvant therapy did not prove to be a standalone influential factor impacting
postoperative results within our group.

Benefits of the nomogram for determining the postoperative prognosis of patients with GBC

Nomograms, which leverage statistical and medical principles, provide a succinct, two-dimensional visual tool that helps
healthcare professionals and individuals grasp prognostic results effortlessly. When utilized in GBC, nomograms offer
significant advantages over traditional prognostic models. They enhance accuracy, individualization, and accessibility,
thereby simplifying prognosis tracking and postoperative care. Consequently, nomograms play a pivotal role in assessing
GBC patients postsurgery[32-34].

Nomograms represent a significant advancement from the conventional TNM staging system by offering a detailed,
visual overview of specific patient data and prognostic factors. This approach enables a comprehensive, multifaceted
assessment of disease status and risks, overcoming the limitations of TNM staging, which focuses primarily on tumor
characteristics, such as the depth of infiltration, lymph node involvement, and metastasis. TNM often fails to account for
subtle differences among patients and the full spectrum of biological responses in GBC.

In contrast, nomograms provide personalized prognostic scores and survival predictions tailored to individual
attributes, allowing healthcare providers to develop precise treatment plans. They advocate for more aggressive therapies
for patients with poorer prognoses while minimizing overtreatment for those with better outcomes, reducing unnecessary
side effects and financial burdens. Furthermore, nomograms offer the flexibility to dynamically adjust prognoses on the
basis of treatment response or disease progression, ensuring up-to-date and relevant prognostic information. This
adaptability supports the continuous refinement of treatment approaches, enhancing patient care through targeted,
personalized interventions.

Nomograms offer a clear and simple alternative to the complex TNM staging system by visually illustrating how
various factors, such as lymph node metastasis and invasion of the extrahepatic bile duct, influence prognosis. The
position and length of each factor on the graph directly indicate its impact on patient outcomes, enabling both physicians
and patients to identify key prognostic elements easily.

This visual simplicity distinguishes nomograms as user-friendly tools. They enable clinicians to conduct quantitative
risk assessments, such as predicting the 3-year survival rate, without intricate calculations or extensive statistical
knowledge. This facilitates straightforward clinical decision-making and enhances patient care management.

This model supports real-time monitoring, aiding in the early detection of disease recurrence or progression, and
facilitating timely interventions. Physicians can tailor follow-up plans on the basis of individual patient risk profiles,
scheduling less frequent visits for patients with favorable prognoses and more intensive monitoring for high-risk
individuals. This individualized approach not only enhances monitoring efficiency but also optimizes the utilization of
healthcare resources.

CONCLUSION

Previous investigations into GBC primarily utilized conventional models such as TNM staging, placing minimal
emphasis on nomograms[35,36]. Our research pinpointed essential elements, such as lymph node metastasis and tumor
differentiation and constructed a more precise nomogram to predict patient survival. Nonetheless, our research is limited
by its retrospective, single-center design, limited sample size, and likely data biases. Subsequent studies should
encompass multicenter trials and incorporate additional variables to bolster the model's precision.
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