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Validation of prognostic models for predicting
postsurgical outcomes in intrahepatic
cholangiocarcinoma patients using a multicenter
cohort
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Hyung-Don Kim, MD, PhD¢, Hyungjin Rhee, MD, PhD®, Eun-Suk Cho, MD', Suk-Keu Yeom, MD, PhD?,
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Background: Few studies to date have externally validated and directly compared conventional prognostic models that pre@
postsurgical outcomes in patients with intrahepatic cholangiocarcinoma (ICCA). We aimed to validate the performance of
prognostic models predicting postsurgical outcomes in a multicenter cohort of patients with ICCA.

Materials and methods: Consecutive patients with ICCA who underwent curative-intent hepatic resection for ICCA at six tertiary
referral institutions between January 2009 and December 2016 were retrospectively analyzed. The predictive abilities of the
American Joint Committee on Cancer TNM 8th edition, Wang nomogram, Hyder nomogram, MEGNA score, and Tsilimigras
prescore and postscore models were assessed based on preoperative and postoperative clinical, pathological, and imaging data.
The ability of the six prognostic models to predict early recurrence (within 1-year) and 5-year overall survival (OS) was evaluated,
including their discrimination and calibration capabilities.

Results: Among the 333 patients included (mean age [standard deviation], 62.4 [9.8] years; 206 [61.9%] men), 142 (42.6%)
experienced early recurrence and 225 (67.6%) died during a median follow-up of 45.1 months. In predicting early recurrence, the
Tsilimigras postscore model showed the highest area under the receiver operating characteristic curve (0.811), followed by the
Wang nomogram (0.780). In predicting 5-year OS, the Wang nomogram had the highest concordance index (0.704), followed by
the Tsilimigras postscore model (0.675). All six models showed good calibration, with strong agreement between predicted and
observed outcomes. Risk stratification based on these models effectively differentiated OS at 1, 3, and 5 years post-surgery (P <
0.005).

Conclusion: The Tsilimigras postscore model and the Wang nomogram were optimal in predicting early recurrence and long-term

survival, respectively, in ICCA patients who underwent curative-intent resection. These findings may help select the most
appropriate prognostic model for predicting postsurgical outcomes in ICCA patients.
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Introduction

Intrahepatic cholangiocarcinoma (ICCA) is the second most
common type of primary liver cancer, with its incidence and
mortality rates rising globally™" ™. The only potentially curative
treatment is complete surgical resection, which offers a median
overall survival (OS) of approximately 30 months'®!. Even after
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curative resection, however, patient prognosis remains poor,
with S-year OS rates of only 25%-40% and tumor recurrence
rates as high as 50%-70%!*°\. Notably, most recurrences occur
early in the postoperative period, with patients experiencing
early recurrence having significantly poorer prognoses than
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patients with late recurrence®®!. Accurately predicting post-

operative prognosis and identifying patients at high risk for
early recurrence are therefore crucial for guiding individualized
postoperative surveillance or considering alternative treatment
strategies, such as neoadjuvant therapy or nonsurgical options.

The American Joint Committee on Cancer (AJCC) 8th edition
TNM staging system is widely used in the pathological staging of
ICCA. This system incorporates factors such as tumor size,
multiplicity, lymphovascular invasion, lymph node metastasis,
and distant metastasis, effectively stratifying the extent of dis-
ease in most patients. Survival outcomes in some patients, how-
ever, may not necessarily align with their AJCC TNM stages.
Additionally, several studies have identified other prognostic
factors, including surgical margin status, tumor differentiation,
and patient age!>?!.

The limitations of the AJCC TNM staging system have led to
the development of several other prognostic models, such as the
Wang nomogram!'®!, the Hyder nomogram!"'l; the MEGNA
scorel'?! and the Tsilimigras risk scoring system!”), to predict
postoperative prognosis in patients with ICCA. Although these
models incorporate additional variables and may offer greater
accuracy than the conventional AJCC staging system, few spe-
cifically address the risk of clinically significant early recurrence,
which may indicate the need for alternative treatment
options'*®!. Furthermore, some of these models are limited by
relying on single-center-based cohorts or the lack of external
validation"®!"!, Direct comparisons of their predictive perfor-
mance are also constrained, as individual studies have evaluated
patient cohorts with varying baseline characteristics. Therefore,
the present study was designed to validate and directly compare
the performance of these six prognostic models for predicting
postsurgical outcomes in a multicenter cohort of patients with
ICCA.

Methods

This cohort study has been reported in line with the STROCSS
guidelines!!, and was retrospectively registered in the Research
Registry (UIN: researchregistry11256; accessible at https:/
www.researchregistry.com/browse-the-registry/#home/registra
tiondetails/683f02270197c0030d04a1b4/).

Study population

This multicenter, retrospective study was approved by the insti-
tutional review boards of six tertiary referral institutions in
South Korea, which waived the requirement for patient-
informed consent. The study included consecutive patients
who underwent curative-intent hepatic resection for ICCA at
one of the participating institutions between January 2009 and
December 2016. Patients were included if they (a) were aged
>18 years and (b) had undergone hepatic resection with a con-
firmed diagnosis of ICCA. Patients were excluded if they (a) had
a history of other malignancies; (b) underwent hepatic resection
with palliative intent; (c) had another type of ICCA, such as
intraductal papillary neoplasm of the bile duct (IPNB); (d) had
received preoperative neoadjuvant treatment for ICCA; (e) had
not undergone preoperative contrast-enhanced magnetic reso-
nance imaging (MRI) or computed tomography (CT) within
3 months prior to surgery; (f) had missing data on serum con-
centrations of carbohydrate antigen 19-9 (CA19-9) or

HIGHLIGHTS

e Six prognostic models for intrahepatic cholangiocarci-
noma were externally validated using multicenter cohort
data.

e Tsilimigras postscore showed the highest accuracy for
early recurrence prediction.

e Wang nomogram was the most accurate for predicting
S-year overall survival.

e All models showed good calibration and effective post-
surgical risk stratification.

carcinoembryonic antigen (CEA), which are required for analy-
sis using the Wang nomogram!'”l; (g) did not have available
pathologic data on tumor differentiation or microvascular inva-
sion, which are necessary for analysis using the MEGNA
scorel'?! and Tsilimigras risk score systems”); or (h) had died
or were lost to follow-up within 1 year after resection without
evidence of recurrence (Fig. 1).

Clinical, pathological, and imaging data

Clinical and pathological data were retrospectively collected
from the electronic medical records of each institution. Clinical
data included demographic characteristics; concentrations of
serum tumor markers (CA19-9 and CEA) and viral markers
(hepatitis B surface antigen [HBsAg] and hepatitis C antibody);
the extent of hepatectomy, and adjuvant treatment status. Major
hepatectomy was defined as the resection of three or more
Couinaud segments, whereas minor hepatectomy was defined
as the resection of two or fewer segments or a wedge
resection!'’!, Pathological data included tumor size, number,
and location; morphological type (mass-forming, intraductal
growth, or periductal infiltrating); tumor differentiation; peri-
neural invasion; microvascular or macrovascular invasion; visc-
eral peritoneal invasion; extrahepatic organ invasion; resection
margin status; lymph node status; presence of cirrhosis; and
biliary intraepithelial neoplasia.

Given MRTI’s higher sensitivity than CT in detecting tumor
multiplicity!'®!, preoperative contrast-enhanced MRI served as
the primary imaging modality, with CT used only if MRI results
were unavailable. The anonymized MRI and CT scans were
independently reviewed by three board-certified abdominal
radiologists, each with over 13 years of experience in hepatic
imaging, who were blinded to clinical, laboratory, pathological,
and prognostic information. Imaging findings were analyzed
specifically for inclusion in the Tsilimigras preoperative model,
which incorporates tumor size, tumor number, and the presence
of underlying liver cirrhosis (Supplemental Digital Content
Table S1, available at: http:/links.lww.com/]S9/E454)!"],
Tumor size and number were determined by calculating the
mean of measurements provided by the three reviewers, whereas
liver cirrhosis was determined by the consensus of at least two
reviewers.

Assessment of prognostic models

TNM stage was determined from pathologic data according to
the eighth edition of the AJCC system (Supplemental Digital
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485 patients with ICCA who underwent surgical
resection from 2009 to 2016 at six institutions

152 sequentially excluded
- Patients with a history of other malignancy (n = 11)
- Patients who underwent palliative-aimed hepatic resection

(n=33)
- Patients with intraductal papillary neoplasm of the bile duct
(n=7)

54)

- Patients who received prior treatment for ICCA (n = 2)
Patients without CT or MRI exam within 3 months before
surgery (n=1)

- Patients with missing data for serum CA 19-9 or CEA (n =

- Patients with unavailable pathologic data for tumor
differentiation or microvascular invasion (n = 22)

- Patients who died or were lost to follow-up without
evidence of recurrence within 1 year after resection (n = 22)

Final study population (333 patients)

Figure 1. Flow diagram of the study population. ICCA, intrahepatic cholangiocarcinoma; MRI, magnetic resonance imaging; CT, computed tomography; CA 19-

9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.

Content Table S2, available at: http://links.lww.com/JS9/
E454)['7], Positive lymph node metastasis was classified as
pathologic N1 stage, regardless of the number of harvested
regional lymph nodes, whereas negative lymph node metastasis
was classified as pathologic NO stage if at least six regional
lymph nodes had been completely sampled. Patients negative
for lymph node metastasis but with incomplete lymph node
sampling, as well as those who did not undergo lymphadenect-
omy, were classified as having pathologic Nx stage. N stage for
these patients was determined using composite reference stan-
dards, with the development of suspicious regional lymph nodes
on follow-up CT, MRI, or positron emission tomography (PET)
within 3 months after surgery classified as N1; absence of suspi-
cious regional lymph nodes on follow-up imaging for at least
1 year after surgery classified as NO; and all others classified as
Nx!'el,

Other prognostic models, including the Wang nomogram
the Hyder nomogram!'l, the MEGNA score!'?, and the
Tsilimigras risk scoring system”!, were retrospectively evaluated.
The preoperative and postoperative variables required by each
prognostic model are summarized in Supplemental Digital
Content Tables S3, available at: http:/links.lww.com/JS9/E454.
Except for the Tsilimigras risk scoring system!”!, which was
designed to predict very early recurrence (within 6 months), all
other models were designed for long-term survival following resec-
tion. Because two Tsilimigras risk scoring systems were developed
based on preoperative and postoperative characteristics!”), these
two models called the Tsilimigras prescore and postscore models,
respectively, were validated separately.

[10]
P

Postoperative outcomes

Postoperative patient outcomes were obtained from their elec-
tronic medical records and/or cancer registry data at each parti-
cipating institution. After surgical resection, patients underwent

routine follow-up evaluations, including contrast-enhanced CT
or MRI scans and measurement of the serologic tumor markers
(CA19-9 and CEA) every 3-6 months. Patients showing
increases in tumor marker concentrations and inconclusive ima-
ging findings were evaluated by additional chest CT and/or PET-
CT scans. Recurrence was defined as either suspicious or posi-
tive findings on follow-up imaging or histologically confirmed
disease. The current status of each patient (alive, deceased, or
lost to follow-up) and the number of days survived after surgery
were assessed. Early recurrence was defined as recurrence within
1 year after resection'™'*2%!, OS was defined as the time interval
from the date of surgery to the date of death from any cause.
Patients who did not experience the event of interest were cen-
sored at the time of the last available follow-up.

Statistical analysis

The primary endpoint was early recurrence (within 1 year),
whereas the secondary endpoint was the 5-year OS rate follow-
ing surgery. The performance of the six prognostic models was
validated by determining their discrimination and calibration
abilities. Discrimination was defined as the ability to differenti-
ate patients who did and did not experience an event (i.e. early
recurrence or 5-year mortality), with early recurrence assessed
by determining the area under the receiver operating character-
istic (ROC) curve (AUC) and 5-year OS assessed by determining
Harrell’s C-index. Specifically, time-dependent ROC analysis
was performed to determine 1, 3, and 5-year OS rates. Models
were compared using a significance test based on the bootstrap
method, with Bonferroni correction applied to adjust for multi-
ple pairwise comparisons (i.e. a = 0.05/15). Calibration refers to
the degree of agreement between model-derived and observed
probabilities, with the results presented as calibration plots.
Calibration performance was further evaluated using the
Hosmer-Lemeshow test or the Grennesby and Borgan test.
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Additionally, the Brier score of each model was calculated to
summarize prediction error and provide an overall measure of
model performance. Subgroup analyses of predictive perfor-
mance were conducted based on the patient enrollment period
(2009-2012 versus 2013-2016) and receipt of adjuvant therapy.
OS was estimated using the Kaplan—-Meier method and com-
pared across risk groups using the log-rank test. The cutoff
values for risk groups in the AJCC TNM stage, MEGNA
score, and Tsilimigras risk scoring models were those defined
in their original publications. By contrast, risk groups for the
Wang and Hyder nomograms were determined based on the first
and third quartiles of their risk scores, as their original publica-
tions did not explicitly define risk group categories!'®!l.

Statistical analyses were performed using SPSS version 29.0
(IBM Corp.) or R version 4.3.2 (R Foundation for Statistical
Computing), with P < 0.05 indicating statistical significance. For
multiple comparisons, Bonferroni corrected P-values were
calculated.

Results

Patient characteristics and follow-up

Of the 452 eligible patients, 119 were excluded for the following
reasons: 11 had a history of other malignancies, 33 underwent
palliative resection, 7 had IPNB, 2 had received preoperative
treatment for ICCA, 1 lacked preoperative MRI or CT results,
54 had missing serum CA 19-9 or CEA data, 22 had unavailable
pathological data on tumor differentiation or microvascular
invasion, and 22 either died or were lost to follow-up within
1 year without recurrence (Fig. 1). The final study cohort
included 333 patients, consisting of 206 (61.9%) men and 127
(38.1%) women, of mean age 62.4 = 9.8 years; their clinical,
pathological, and imaging characteristics are listed in Table 1.
Of these patients, 206 (61.9%) underwent major hepatectomy,
and 290 (87.1%) had negative surgical resection margins.
Among 224 patients with pathologic Nx stage, 11 were reclassi-
fied as N1 and 183 as NO based on the composite reference
standards. The final N stage distribution was 90 patients classi-
fied as N1, 213 as NO, and 30 as Nx. Postoperatively, 150
patients (45.0%) received adjuvant chemotherapy, of whom
92 (61.3%) received gemcitabine-based regimens, and 8
(5.3%) received additional radiation therapy. A comparison of
baseline characteristics between the study cohort and patients
excluded due to missing serum CA 19-9 or CEA data is pre-
sented in Supplemental Digital Content Table S4, available at:
http://links.lww.com/JS9/E454. No significant differences were
observed between the groups, except for HBsAg positivity.

During a median follow-up period of 45.1 months (interquar-
tile range: 18.7-115.0 months), 142 (42.6%) patients experi-
enced early recurrence, and 225 (67.6%) died, of whom 199
(88.4%) were attributed to tumor progression. Of the 142
patients who experienced early recurrence, 45 (31.7%) experi-
enced intrahepatic recurrence alone, 63 (44.4%) had extrahepa-
tic recurrence alone, and 34 (23.9%) had both. The liver was the
most common site of early recurrence (7 = 79), followed by the
lymph nodes (n = 48), peritoneum (n = 35), lungs (n = 24), bones
(n = 4), abdominal wall (n = 3), adrenal gland (n = 1), and ovary
(n=1). The cumulative OS rates at 1, 3, and 5 years were 83.8%,
55.6%, and 42.9 %, respectively.

Baseline characteristics of the study populations

Total (n = 333)

Clinical characteristics

Age, mean (SD), year 62.4 (9.8)
Sex

Male 206 (61.9)

Female 127 (38.1)
HBsAg (+) 56 (16.8)
Anti-HCV (+) 10 (3.0)
Serum CA 19-9, U/mL 37.7 (11.9-274.0)
Serum CEA, pg/L 2.7 (1.7-5.1)
Resection procedure

Major hepatectomy 206 (61.9)

Minor hepatectomy 127 (38.1)
Adjuvant chemotherapy? 150 (45.0)

Pathologic characteristics

Tumor size, mean (SD), cm 52 (2.8
Tumor multiplicity 37 (11.1)
Macroscopic feature

MF type, purely 307 (92.2)

MF combined with the Pl or |G type 26 (7.9)
Differentiation

Well or moderate 254 (76.3)

Poor 79 (23.7)
Microvascular invasion 176 (562.9)
Macrovascular invasion 28 (8.4)
Perineural invasion 116 (34.9)
Cirrhosis 29 (8.7)
Biliary intraepithelial neoplasia 30 (9.0)
Positive resection margin 43 (12.9)

Imaging characteristics

Preoperative imaging modality

Magnetic resonance imaging 312 (93.7)

Computed tomography 21 (6.3)
Tumor size, mean (SD), cm 49 (2.5
Tumor number, mean (SD) 1.3(1.1)
Radiographic evidence of cirrhosis 44 (13.2)

Unless specified otherwise, values are number (%) of patients or median (interquartile range).

SD, standard deviation; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; CA, carbohydrate
antigen; CEA, carcinoembryonic antigen; MF, mass-forming; PI, periductal infiltrative; IG, intraductal
growing; AJCC, American Joint Committee on Cancer.

AEight patients received additional radiation therapy.

According to the AJCC TNM staging system, 107 patients
(32.1%) were classified as stage I, 89 (26.7%) as stage II, 130
(39.1%) as stage III, and 7 (2.1%) as stage IV (Table 2). The
Wang nomogram classified 83 (24.9%), 166 (49.9%), and 84
(25.2%) into low (score <27.19), intermediate (score 27.20—
111.88), and high (score >111.88) risk groups, respectively;
whereas the Hyder nomogram classified 83 (24.9%), 169
(50.8%), and 81 (24.3%) patients into low (score <8.75), inter-
mediate (score 8.76-14.18), and high (score >14.18) risk
groups, respectively. The MEGNA score stratified patients into
four risk groups: low (score 0; # = 73, 21.9%), intermediate
(score 1; n = 138, 41.4%), high (score 2; n = 91, 27.3%), and
very high risk (score 23; 7 = 31, 9.3%). The Tsilimigras prescore
classified 182 (54.7%), 103 (30.9%), and 48 (14.4%) patients
into low (score £1.77), intermediate (score 1.78-2.69), and high
(score >2.69) risk groups, respectively, whereas the Tsilimigras
postscore classified 184 (55.3%), 90 (27.0%), and 59 (17.7%)
patients into low (score <2.02), intermediate (score 2.03-2.80),
and high (score >2.80) risk groups, respectively.

7035


http://links.lww.com/JS9/E454

Kim et al. International Journal of Surgery (2025)

Summary of risk score according to prognostic models

Prognostic model Value
TNM stage, AJCC 8th edition
| 107 (32.1)
I 89 (26.7)
I 130 (39.1)
v 721
Wang nomogram, median (interquartile range)? 54.28 (27.19-111.88)
Low risk (27.19) 83 (24.9)
Intermediate risk (27.20-111.88) 166 (49.9)
High risk (>111.88) 84 (25.2)
Hyder nomogram, median (interquartile range)? 11.78 (8.76-14.18)
Low risk (<8.75) 83 (24.9)
Intermediate risk (8.76-14.18) 169 (50.8)
High risk (>14.18) 81 (24.3)
MEGNA score
Low risk (0) 73 (21.9)
Intermediate risk (1) 138 (41.4)
High risk (2) 91 (27.3)
Very high risk (>3) 31 (9.3
Tsilimigras prescore, median (interquartile range) 1.68 (1.29-2.32)
Low risk (<1.77) 182 (54.7)
Intermediate risk (1.78—2.69) 103 (30.9)
High risk (>2.69) 48 (14.4)
Tsilimigras postscore, median (interquartile range) 1.92 (1.38-2.51)
Low risk (<2.02) 184 (65.3)
Intermediate risk (2.03—2.80) 90 (27.0)
High risk (>2.81) 59 (17.7)

Otherwise specified, data are number of patients with the percentage in parentheses.

AJCC, American Joint Committee on Cancer; MEGNA, multifocality, extrahepatic extension, grade,
node positivity, and age older than 60 years.

ARisk groups were classified based on the first and third quartiles of the risk scores.

Predictive performances for early recurrence

Table 3 provides a pairwise comparison of the discriminative
abilities of the six prognostic models to predict early recurrence.
The Tsilimigras postscore achieved the highest AUC (0.811,
95% confidence interval [CI]: 0.764-0.859), somewhat higher
than the Wang nomogram (0.780, 95% CI: 0.729-0.830,
P = 0.150), but significantly higher than the other models (P <
0.001). By contrast, the MEGNA score had the lowest AUC
(0.651, 95% CI: 0.593-0.709), significantly lower than both
the Tsilimigras postscore and Wang nomogram (P < 0.001).
Calibration plots showed overall good agreement between the
predicted and observed risks of early recurrence across all six
models (Supplemental Digital Content Figure S1 and Tables S5
and S6, available at: http://links.lww.com/JS9/E454). The pre-
diction error, measured by the Brier score, was lowest for the
Tsilimigras postscore (0.177) and highest for the MEGNA score
(0.225) (Table 3). Subgroup analyses based on patient enroll-
ment period and receipt of adjuvant therapy yielded consistent
results (Supplemental Digital Content Table S7 available at:
http:/links.lww.com/JS9/E454), with the Tsilimigras postscore
maintaining the highest AUC across all subgroups.

Predictive performances for 5-year OS

Among the six prognostic models, the Wang nomogram had the
highest C-index (0.704, 95% CI: 0.670-0.738), followed by the
Tsilimigras postscore (0.675, 95% CI: 0.642-0.709) (Table 3).
The C-index of the Wang nomogram was significantly higher

International Journal of Surgery

than that of the MEGNA score (0.622, 95% CI: 0.580-0.663)
and Tsilimigras prescore (0.579, 95% CI: 0.539-0.619) (P <
0.001). Calibration plots indicated overall good correlation
between the predicted and observed risks of 5-year mortality
across all six models (Supplemental Digital Content Figure S1
and Tables S5 and S6, available at: http://links.lww.com/JS9/
E454). Although the Brier scores of the six models were gener-
ally similar, the Wang nomogram had the lowest Brier score,
0.203 (Table 3). The time-dependent AUC with 95% CI and
integrated Brier scores at 1-, 3-, and 5-years are presented in
Supplemental Digital Content Table S8, available at: http:/links.
lww.com/JS9/E454. Although the time-dependent AUC
remained stable over time, the integrated Brier scores gradually
increased across all models, indicating an increase in prediction
error over time. OS at 1, 3, and 5 years after surgery was sig-
nificantly different according to the risk groups determined by
each prognostic model (P < 0.005), although the risk stratification
by the Tsilimigras prescore appeared less distinct (Fig. 2 and
Supplemental Digital Content Table S9, available at: http://links.
lww.com/JS9/E454). Subgroup analyses based on patient enroll-
ment period and receipt of adjuvant therapy showed consistent
results (Supplemental Digital Content Table S7, available at:
http://links.lww.com/JS9/E454), with the Wang nomogram con-
sistently demonstrating the highest C-index across all subgroups.
Risk stratification by each model within subgroups based on
adjuvant therapy use is shown in Supplemental Digital Content
Figure S2, available at: http:/links.lww.com/JS9/E454.

Discussion

This study compared the performance of six prognostic models
for predicting postsurgical outcomes, including early recurrence
and 5-year mortality in ICCA patients using data from
a multicenter cohort. As none of the enrolled patients had miss-
ing values, direct comparisons between the prognostic models
were feasible. In intra-individual comparisons, the Tsilimigras
postscore model showed the highest ability to predict early
recurrence, whereas the Wang nomogram showed the highest
ability to predict 5-year OS. All six models exhibited good
calibration and effective risk stratification capabilities. Our
study provides a comprehensive evaluation of prognostic models
in a large, multicenter Asian cohort and includes subgroup
analyses to assess performance across clinically relevant factors.

The Tsilimigras postscore model was found to be the optimal
prognostic model for predicting early recurrence (AUC, 0.811).
This model significantly outperformed the other models, including
the AJCC TNM stage, Hyder nomogram, MEGNA score, and
Tsilimigras prescore. The Tsilimigras postscore model, which was
developed using a cohort of 880 ICCA patients who underwent
resection at several international institutions'”, included several
independent predictive factors, such as patient age, race, tumor
size, tumor number, microvascular invasion, resection margin sta-
tus, and lymph node metastasis. As our study cohort consisted
entirely of nonwhite patients, race was not a contributing factor
in our analysis. Consequently, the model’s performance may have
been underestimated, further supporting its generalizability across
racial and geographic populations. Notably, unlike the other mod-
els, the Tsilimigras postscore includes surgical margin status, a well-
established prognostic factor in ICCAP?*., Because positive surgi-
cal margins are independently associated with adverse prognostic
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Comparison of predictive performance of prognostic models

P-value? for comparison with

Wang Hyder Tsilimigras
AJCC TNM nomogram nomogram MEGNA score prescore Brier score

Early recurrence AUC (95% CI)

AJCC TNM 0.721 (0.669-0.773) 0.205
Wang nomogram 0.780 (0.729-0.830) 0.014 0.196
Hyder nomogram 0.732 (0.678-0.786) 0.697 0.053 0.208
MEGNA score 0.651 (0.593-0.709) 0.024 <0.001 0.007 0.225
Tsilimigras prescore 0.692 (0.634-0.749) 0.433 0.011 0.258 0.332 0.220
Tsilimigras postscore 0.811 (0.764-0.859) <0.001 0.150 0.001 <0.001 <0.001 0.177
5-year mortality Harrell’s C-index (95% Cl)

AJCC TNM 0.658 (0.624-0.693) 0.211
Wang nomogram 0.704 (0.670-0.738) 0.006 0.203
Hyder nomogram 0.664 (0.622—0.705) 0.780 0.016 0.219
MEGNA score 0.622 (0.580-0.663) 0.065 <0.001 0.033 0.230
Tsilimigras prescore 0.579 (0.539-0.619) <0.001 <0.001 <0.001 0.139 0.238
Tsilimigras postscore 0.675 (0.642-0.709) 0.334 0.073 0.557 0.027 <0.001 0.211

p-values <0.003 (0.05/15) are considered statistically significant after applying the Bonferroni correction for multiple comparisons.
AUC, area under the receiver operating characteristic curve; Cl, confidence interval; AJCC, American Joint Committee on Cancer; MEGNA, multifocality, extrahepatic extension, grade, node positivity, and age

older than 60 years.

outcomes!?*)] their inclusion likely played a significant role in
enhancing the model’s predictive performance in the postoperative
setting. Additionally, this model incorporated microvascular inva-
sion status, a recently recognized adverse prognostic indicator for
ICCA*?") In contrast to other models focused on long-term
survival, the Tsilimigras risk scoring system was designed to predict
very early recurrence (within 6 months), with the present study
confirming that the Tsilimigras postscore model can be useful in
predicting early recurrence. Considering that adjuvant chemother-
apy with capecitabine alone has demonstrated a survival benefit in
biliary tract cancer, including ICCA*®!, the Tsilimigras postscore
may be particularly valuable for identifying patients who are more
likely to benefit from adjuvant chemotherapy.

The Wang nomogram was found to be optimal in predicting
S-year OS (C-index, 0.704) in patients with ICCA. This model
significantly outperformed the MEGNA score and Tsilimigras
prescore models. The Wang nomogram model was derived from
a single-center cohort of 367 Asian patients who underwent
resection for ICCA. Of the six prognostic models for ICCA,
the Wang nomogram was the only model that included serum
tumor markers, which have been independently associated with
OS in ICCA patients'>*!. The prognostic value of these markers
is further supported by subsequent studies showing that they can
improve ICCA staging and survival prediction**=*, which may
have contributed to the superior performance of the Wang
nomogram. Additionally, its inclusion of direct extrahepatic
invasion, a factor also included in the AJCC TNM staging
system, may reflect aggressive tumor biology. The superior prog-
nostic performance of the Wang nomogram is in partial agree-
ment with findings showing that it performed better than the
AJCC TNM staging system and the Hyder nomogram!®*.
However, because the Wang nomogram classifies lymph node
metastasis into two categories, presence or absence, patients
with unknown lymph node status (Nx) were classified as node-
negative (NO). Therefore, this model may be more appropriate
for patients undergoing formal portal lymphadenectomy.

By contrast, the Tsilimigras prescore exhibited suboptimal
performance for predicting both early recurrence (AUC, 0.692)
and 5-year OS (C-index, 0.579). Although current evidence does
not support the routine use of neoadjuvant chemotherapy over
upfront resection in resectable ICCAs!***°!, neoadjuvant ther-
apy may be considered in select cases, such as patients with
advanced disease or those at high risk of early progression3!.
It may also facilitate tumor downsizing and downstaging in
initially unresectable ICCAs*”!, Of the six prognostic models
evaluated in the present study, the Tsilimigras prescore was the
only model based solely on preoperative variables, making it
uniquely suited to inform decisions regarding neoadjuvant ther-
apy. However, the predictive performance of this model was
suboptimal. Therefore, it may be unreliable to base clinical
decisions on the Tsilimigras prescore alone. This highlights the
inherent trade-off between model accessibility and predictive
accuracy. In resource-limited settings or during preoperative
planning — where postoperative pathological data may not be
available — reliance on preoperative models remains necessary
despite their limitations. Therefore, there is a clear need to
develop and validate more accurate preoperative prognostic
models that balance feasibility with performance. Ultimately,
model selection should be tailored to the clinical context, taking
into account the timing of decision-making, data availability,
and institutional resources.

Recent advances, including radiomics and deep learning-
based models, have shown significant potential for accurately
predicting early recurrence'®2°23], Integrating these approaches
into prognostic modeling represents a promising direction for
future research. Additionally, the extraction and analysis of data
from liquid biopsy, including circulating tumor DNA, enable the
detection of subtle tumor characteristics that may not be cap-
tured by conventional clinical or pathological parameters.
Incorporating these data sources into existing prognostic models
may improve predictive accuracy, facilitate dynamic risk assess-
ment over time, and enable more personalized treatment
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Figure 2. Kaplan—Meier analyses of 5-year overall survival across risk groups stratified by AJCC TNM stage (A), the Wang nomogram (B), the Hyder nomogram
(C), MEGNA score (D), Tsilimigras prescore (E), and Tsilimigras postscore (F).
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approaches, including timely interventions such as the selection
of adjuvant therapy for high-risk patients and monitoring of
treatment responsel***"],

The present study had several limitations. First, the dataset
was collected retrospectively, which may introduce biases inher-
ent to this approach. Second, to enable intra-individual compar-
isons between models, only patients with complete datasets were
included, leading to the exclusion of a substantial number of
patients. This may have introduced selection bias. However,
because no significant differences were observed in baseline
characteristics or model performance before and after excluding
patients with missing data (Supplemental Digital Content Table
$10, available at: http:/links.lww.com/JS9/E454), this limita-
tion is unlikely to have substantially affected the results. Third,
although current guidelines recommend a 6-month course of
adjuvant chemotherapy following curative resection of
ICCAP13281 only 45.0% of patients in the present cohort
received adjuvant chemotherapy, potentially affecting tumor
recurrence and patient survival. Notably, these patients were
enrolled between 2009 and 2016, a period during which robust
evidence supporting the use of adjuvant chemotherapy had not
yet been established through randomized clinical trials.
However, the percentage of patients who received adjuvant
chemotherapy in the present study (45.3%) was higher than
the percentages reported in recent studies for ICCA patients
(18.9%-36.3%)1%72131 Fourth, although some models have
been validated in previous studies®**°! this study offers unique
contributions, including the use of multicenter data, detailed
subgroup analyses, and an evaluation of racial differences affect-
ing the performance of the Tsilimigras models. Lastly, while this
study addresses a gap in the existing literature by providing
a direct comparison of prognostic models, it does not propose
a new model, and thus the overall level of innovation may be
considered limited.

In conclusion, the Tsilimigras postscore and Wang nomogram
demonstrated superior performance in predicting early recur-
rence and long-term survival, respectively, in ICCA patients
who underwent curative-intent resection, outperforming other
prognostic models. These findings from direct comparisons of
models, combined with a comprehensive understanding of the
patient and tumor biologic factors incorporated into each
model, may improve the precision and personalization of post-
operative care by guiding the selection of the most appropriate
prognostic model for predicting postsurgical outcomes in
patients with ICCA. Future prospective studies involving inter-
national patient cohorts are warranted to validate our findings
and to support the development of novel prognostic models that
incorporate advanced techniques such as artificial intelligence.
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