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ABSTRACT 
Background.  The role of anatomic resection (AR) versus 
non-anatomic resection (NAR) for intrahepatic cholangio-
carcinoma (ICC) has not been thoroughly investigated. This 
study sought to define the impact of tumor size on the rela-
tive therapeutic benefit of AR versus NAR for ICC. Spe-
cifically, the study aimed to identify a threshold tumor size 
to define when AR rather than NAR may be warranted to 

achieve better survival outcomes for patients undergoing 
resection of ICC.
Methods.  Patients who underwent liver resection for ICC 
were identified from an international multi-institutional 
database. A multivariable Cox model with an interaction 
term was used to assess the relationship between tumor size 
and the survival impact of AR.
Results.  Among 969 patients, 506 (72.9 %) underwent 
AR, whereas 263 (27.1 %) had an NAR. Multivariable 
analysis demonstrated an interaction between tumor size 
and AR (hazard ratio [HR], 0.94; 95 % confidence interval 
[CI], 0.88–1.00; p = 0.045). A plot of the interaction dem-
onstrated that AR was associated with improved outcomes 
for tumors size ≥4 cm. Among 257 (26.5 %) patients with 
tumors smaller than 4 cm, recurrence-free survival (RFS) 
did not differ between NAR and AR (3-year RFS: 65.2 % 
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[95 % CI, 55.7–76.2] vs 58.1 % [95 % CI, 49.2–68.5]; p = 
0.720). In contrast, among 712 (73.4 %) patients with tumors 
size ≥4 cm, AR was associated with improved RFS (3-year 
RFS: 34.7 % [95 % CI, 27.5–43.8] vs 44.9 % [95 % CI, 
40.4–50.0]; p = 0.018).
Conclusions.  Anatomic resection was associated with 
improved RFS for ICC patients with tumors size ≥4 cm, 
indicating that tumor size may be a valuable criterion to 
determine the extent of liver resection for resectable ICC 
patients.

Intrahepatic cholangiocarcinoma (ICC) is the second 
most common liver malignancy after hepatocellular 
carcinoma (HCC), with an increasing global incidence over 
the past three decades.1,2 Unfortunately, even after curative-
intent surgery, the risk of recurrence remains high.3,4 In 
fact, up to 50 % to 80 % of patients experience recurrence 
within 2 years after surgery, with one in four patients having 
a recurrence within the first 6 months.3,4 The high incidence 
of recurrence contributes to a poor prognosis, with a median 
overall survival (OS) after resection ranging from 12 to 31 
months.4,5 In turn, there has been interest in identifying 
surgical and systemic approaches that may lead to improved 
survival for patients with ICC.

Patients with ICC who are surgical candidates should 
undergo liver resection combined with locoregional lymph 
node dissection.6–8 Although the goal of hepatic resection 
is to achieve an R0 margin status, the extent of resection 
for ICC continues to be ill-defined.6,9 Similarly, the role 
of anatomic resection (AR) versus non-anatomic resection 
(NAR) in the treatment of patients with HCC has long been 
debated. Anatomic resection may be more effective due to 
removal of not only the tumor but also potential satellite 
lesions, micro-portal invasion, and intrahepatic metastases. 
In turn, the risk of recurrence after AR may be lower.6,10 
In contrast, NAR preserves more of the liver parenchyma, 
which may be associated with lower perioperative morbidity 
and a reduced risk of inadequate future liver remnant (FLR) 
and postoperative liver insufficiency.10

Long-term outcomes comparing AR and NAR for 
patients with HCC remain inconsistent, with survival 
benefits of AR possibly limited to specific subgroups of 
patients.10–12 For example, several studies have noted 
that certain clinicopathologic factors such as tumor size, 
histologic differentiation, and microvascular invasion 
(MVI) may influence whether AR or NAR has a differential 
therapeutic benefit.11,12

In the context of ICC, we hypothesized that tumor 
biology may similarly play a role in determining the survival 
benefit of AR versus NAR for patients undergoing hepatic 
resection.13 Tumor size is a well-established predictor of 
survival and one of the few variables that can be reliably 

evaluated preoperatively. 4,14,15 Therefore, the objective of 
the current study was to define the impact of tumor size on 
the relative therapeutic benefit of AR versus NAR for ICC. 
Specifically, using a large, multi-institutional, international 
database, we sought to identify a threshold tumor size to 
define when AR rather than NAR may be warranted to 
achieve better survival outcomes for patients undergoing 
resection of ICC.

METHODS

Data Source and Patient Selection

Patients who underwent curative-intent liver resection for 
solitary ICC tumor between 2000 and 2023 were identified 
from the International Intrahepatic Cholangiocarcinoma 
Study Group database.4 The study excluded patients who 
had extrahepatic metastasis, multiple tumors, direct invasion 
of contiguous organs, or an R1 resection margin. The study 
defined R1 resection as a tumor-free margin smaller than 
1 mm.16 The study also excluded individuals with 90-day 
mortality, palliative surgery, or missing data on tumor size 
or surgical procedures. The study received approval from the 
institutional review board of each participating institution.

Variables and Outcomes

Patient demographic and clinicopathologic variables 
included age, sex, American Society of Anesthesiologist 
(ASA) classification, region (i.e., Western country, Eastern 
country), year of surgery (i.e., 2000–2010, 2011–2023), 
receipt of neoadjuvant chemotherapy (NAC), cirrhosis, 
preoperative albumin-bilirubin (ALBI) score, preoperative 
carbohydrate antigen 19-9 (CA 19-9), type of surgery 
(i.e., NAR, AR), use of minimally invasive surgery (MIS), 
lymphadenectomy, tumor size, T category based on the 
American Joint Committee on Cancer (AJCC) eighth 
edition,17 nodal disease (i.e., N0 [negative], N1 [positive], 
Nx [not examined]), tumor-node-metastasis (TNM) stage 
based on the AJCC eighth edition,17 surgical margin, 
MVI, morphologic subtype (i.e., MF [mass-forming], IG 
[intraductal growth], PI [periductal infiltrating], MF+PI), 
tumor grade (i.e., well-, moderately, poorly differentiated; 
undifferentiated), perineural invasion (PNI), postoperative 
severe complication, and receipt of adjuvant chemotherapy. 
Liver resections were categorized as AR when they involved 
systematic removal of Couinaud segment(s) encompassing 
the tumor, including the tumor-bearing portal vein and the 
associated hepatic territory.11,18

The specific surgical techniques used to achieve AR were 
performed according to institutional and surgeon-specific 
protocols. Conversely, resections that did not adhere to 
the anatomic boundaries of liver segments were classified 
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as NAR.11,18 Severity of postoperative complications was 
defined according to the Clavien-Dindo classification 
system (grades I to V). Severe complications were defined 
as Clavien-Dindo classification ≥III.19

The primary outcome was RFS, defined as the time 
elapsed between the date of liver resection and recurrence, 
confirmed either on biopsy or using evidence of a suspicious 
lesion on follow-up imaging. Additionally, the recurrence 
pattern was assessed and categorized as intrahepatic only, 
intra- and extrahepatic, extrahepatic only, or unknown. The 
secondary outcome was OS, defined as the interval between 
the date of resection and the date of death from any cause or 
the last follow-up visit.

After curative-intent hepatectomy, the patients were 
monitored for recurrence based on serum tumor markers 
and imaging, such as computed tomography (CT), magnetic 
resonance imaging (MRI), or both. The patients were 
followed once every 3 months during the first 3 years, 
once every 6 months during years 4 and 5, then annually 
thereafter.4

Statistical Analysis

Descriptive statistics were presented as median values 
with interquartile ranges (IQRs) for continuous variables 
and as frequencies with percentages for categorical 
variables. Continuous variables were compared using the 
Mann-Whitney U or Kruskal-Wallis test, as appropriate. 
Categorical variables were compared with the chi-square 
test or Fisher’s exact test. Multiple imputations with chain 
equations (MICE) procedures were used to handle missing 
values.20 Survival was estimated using the Kaplan-Meier 
method and log-rank tests.

All potentially relevant variables were used to fit Cox 
proportional hazards regression models, with each variable 
tested individually. Any variable that had a significant 
association with RFS at a p value threshold lower than 0.1 
was included in a multivariable Cox proportional hazards 
model. To evaluate the hypothesis that tumor size mediated 
the relationship between AR and survival, the model 
included an interaction term between tumor size and the 
type of resection (i.e., NAR or AR). Given the observed 
interaction, adjusted restricted cubic splines (RCS) for the 
hazard ratio (HR) of RFS were plotted to identify a threshold 
tumor size.21 This threshold was defined as the point below 
which tumor size was not associated with a significant 
difference in RFS, and above which AR was linked to a 
survival benefit.21 The variables used in the multivariable 
model were modeled using RCS with three pre-specified 
knots.21 The tumor size at which the RCS curves for the 
patients undergoing AR versus NAR began to diverge was 
identified.21

For additional analyses, the patients were stratified by 
TNM stage based on the AJCC eighth edition (i.e., stage I or 
II/IIIA/IIIB) and further analyzed according to the visualized 
threshold tumor size.17 The impact of AR was re-evaluated 
using Kaplan-Meier survival analysis and log-rank tests 
within each group. Furthermore, a sensitivity analysis was 
performed for the patients with 90-day mortality in the 
overall cohort to assess its potential impact on our findings. 
Statistical significance was set at an alpha of 0.05. All 
analyses were performed using R version 4.4.1 (R Project 
for Statistical Computing, Vienna, Austria).

RESULTS

Patient Demographics

Among the 969 patients who met inclusion criteria, 549 
(56.7 %) were male, and median age was 60 years (IQR, 
52–69 years). A total of 374 (38.6 %) patients were ASA 
class >2, and 149 (15.4 %) patients had cirrhosis. A small 
subset of patients received NAC (n = 47, 4.9 %). The median 
preoperative ALBI score was –2.93 (IQR, –3.19 to –2.62), 
and median CA 19-9 level was 34 U/mL (IQR, 12–136 
U/mL). Approximately half of patients (n = 485, 50.1 %) 
underwent lymphadenectomy, and a minority (n = 46, 4.7 %) 
underwent MIS. The median tumor size was 5.5 cm (IQR, 
3.7–7.6 cm).

In terms of disease, 640 patients (66.0 %) had T1 tumors, 
163 patients (16.8 %) had nodal metastasis (N1), and the 
majority (580 patients, 59.9 %) were classified as stage I. 
The median surgical margin was 5 mm (IQR, 2–10 mm), and 
444 (45.8 %) patients had surgical margins less than 5 mm. 
A total of 259 (26.7 %) patients had MVI, with PI/MF+PI-
type, poorly differentiated, or undifferentiated tumors, and 
PNI was present for 92 (9.5 %), 149 (15.4 %), and 165 (17 
%) patients, respectively.

Postoperatively, 141 (14.6 %) patients experienced a 
severe complication, and 271 (28 %) patients received 
adjuvant chemotherapy (Table 1). To evaluate the impact 
of the time period, patient characteristics and RFS were 
compared among patients who underwent surgery from 
2000 to 2010 versus individuals who underwent surgery 
from 2011 to 2023 (Table S1; Fig. S1).

Among 969 patients, 263 (27.1 %) underwent NAR and 
706 (72.9 %) underwent AR. Patients who underwent AR 
were more likely to be older (NAR vs AR: 58 years [IQR, 
48–65 years] vs 62 years [IQR, 53–70 years]; p < 0.001), 
to have received NAC (n = 2 [0.8 %] vs n = 45 [6.4 %]; p = 
0.001), and to have a higher ALBI score (–2.98 [IQR, –3.20 
to –2.78] vs –2.90 [IQR, –3.19 to –2.55]; p = 0.005) as well 
as a higher CA 19-9 level (27.0 U/mL [IQR, 12.1–56.5 U/
mL] vs 38.5 U/mL [IQR, 12.0–178.5 U/mL]; p = 0.005). In 
contrast, the AR patients were less likely to have cirrhosis (n 
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= 69 [26.2 %] vs n = 80 [11.3 %]; p < 0.001). Patients who 
underwent AR versus NAR also were more likely to have 
larger tumors (4.5 cm [IQR, 3.0–6.0 cm] vs 6.0 cm [IQR, 
4.0–8.1 cm]; p < 0.001) and to undergo lymphadenectomy 
(n = 67 [25.5 %] vs n = 418 [59.2 %]; p < 0.001).

On pathology, patients with T3 disease (n = 41 [15.6 %] 
vs n = 147 [20.8 %]; p < 0.001), N1 disease (n = 25 [9.5 %] 
vs n = 138 [19.5 %]; p < 0.001), or advanced-stage disease 
(stage II: n = 18 [6.8 %] vs n = 82 [11.6 %]; stage IIIA: n = 
30 [11.4 %] vs n = 96 [13.6 %]; stage IIIB: n = 25 [9.5 %] 

vs n = 138 [19.5 %]; p < 0.001) were more likely to undergo 
AR. Moreover, patients who underwent AR were more likely 
to have MVI (n = 45 [17.1 %] vs n = 214 [30.3 %]; p < 
0.001), PI/MF+PI (n = 4 [1.5 %] vs n = 88 [12.5 %]; p < 
0.001), or poorly differentiated or undifferentiated tumors (n 
= 20 [7.6 %] vs n = 129 [18.3 %]; p < 0.001), as well as PNI 
(n = 7 [2.7 %] vs n = 158 [22.4 %]; p < 0.001). Notably, no 
differences were observed among patients who underwent 
NAR and AR regarding surgical margin (5 mm [IQR, 2–10 
mm] vs 5 mm [IQR, 2–10 mm]; p = 0.746; Table 1).

TABLE 1   Clinicopathologic characteristics of the analytic cohorta

a Data are presented as median (IQR) for continuous measures and n (%) for categorical measures
NAR non-anatomic resection, AR anatomic resection, ASA American Society of Anesthesiologists, ALBI albumin-bilirubin, CA19-9 carbohydrate 
antigen, TNM tumor-node-metastasis, PI periductal infiltrating, MF mass-forming

Characteristics All patients NAR AR p Value
(n = 969) n (%) (n = 263, 27.1 %) n (%) (n = 706, 72.9 %) n (%)

Median age: years (IQR) 60 (52–69) 58 (48–65) 62 (53–70) <0.001
Male sex 549 (56.7) 188 (71.5) 361 (51.1) <0.001
ASA classification >2 374 (38.6) 53 (20.2) 321 (45.5) <0.001
Region: Eastern countries 405 (41.8) 188 (71.5) 217 (30.7) <0.001
Year of surgery (2011–2023) 629 (64.9) 156 (59.3) 473 (67.0) 0.031
Neoadjuvant chemotherapy 47 (4.9) 2 (0.8) 45 (6.4) 0.001
Cirrhosis 149 (15.4) 69 (26.2) 80 (11.3) <0.001
Median ALBI score (IQR) –2.93 (–3.19 to –2.62) –2.98 (–3.20 to –2.78) –2.90 (–3.19 to –2.55) 0.005
Median CA19-9: U/mL (IQR) 34.0 (12.0–136.0) 27.0 (12.1–56.5) 38.5 (12.0–178.5) 0.005
Major hepatectomy 512 (52.8) 512 (72.5)
Minimally invasive surgery 46 (4.7) 13 (4.9) 33 (4.7) 0.996
Lymphadenectomy 485 (50.1) 67 (25.5) 418 (59.2) <0.001
Median tumor size: cm (IQR) 5.5 (3.7–7.6) 4.5 (3.0–6.0) 6.0 (4.0–8.1) <0.001
Pathologic T category <0.001
 T1 640 (66.0) 200 (76.0) 440 (62.3)
 T2 141 (14.6) 22 (8.4) 119 (16.9)
 T3 188 (19.4) 41 (15.6) 147 (20.8)

Pathologic N category <0.001
 N0 322 (33.2) 42 (16.0) 280 (39.7)
 N1 163 (16.8) 25 (9.5) 138 (19.5)
 Nx 484 (49.9) 196 (74.5) 288 (40.8)

Pathologic TNM stage <0.001
 I 580 (59.9) 190 (72.2) 390 (55.2)
 II 100 (10.3) 18 (6.8) 82 (11.6)
 IIIA 126 (13.0) 30 (11.4) 96 (13.6)
 IIIB 163 (16.8) 25 (9.5) 138 (19.5)

Median surgical margin: mm (IQR) 5.0 (2.0–10.0) 5.0 (2.0–10.0) 5.0 (2.0–10.00) 0.746
Surgical margin <5.0 mm 444 (45.8) 120 (45.6) 324 (45.9) 0.999
Microvascular invasion 259 (26.7) 45 (17.1) 214 (30.3) <0.001
Morphologic type (PI/MF+PI) 92 (9.5) 4 (1.5) 88 (12.5) <0.001
Grade, poorly differentiated/undifferentiated 149 (15.4) 20 (7.6) 129 (18.3) <0.001
Perineural invasion 165 (17.0) 7 (2.7) 158 (22.4) <0.001
Severe complication 141 (14.6) 17 (6.5) 124 (17.6) <0.001
Adjuvant chemotherapy 271 (28.0) 26 (9.9) 245 (34.7) <0.001
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Interaction Between Tumor Size and Survival Benefit of AR

After a median follow-up period of 26.2 months (IQR, 
13.9–35.8 months), the 3-year RFS was 45.8 % (95 % CI, 
39.6–53.0 %) for patients who underwent NAR and 47.6 
% (95 % CI, 43.4–52.1 %) for patients who underwent AR 
(p = 0.360; Fig. 1). The 5-year OS was 51.1 % (95 % CI, 
43.8–59.6 %) for individuals who underwent NAR and 46.8 
% (95 % CI, 42.2–51.8 %) for patients who had AR.

On multivariable Cox regression that included an interac-
tion term between tumor size and type of surgery, age (HR, 
0.98; 95 % CI, 0.98–0.99; p < 0.001), cirrhosis (HR, 1.30; 
95 % CI, 1.01–1.67; p = 0.042), tumor size (HR, 1.15; 95 
% CI, 1.09–1.21; p < 0.001), metastatic lymph node dis-
ease (HR, 1.59; 95 % CI, 1.20–2.09; p = 0.001), and MVI 
(HR, 1.41; 95 % CI, 1.11–1.78; p = 0.005) were independent 
preoperative predictors of recurrence, whereas AR was not 
associated with recurrence (HR, 1.13; 95 % CI, 0.73–1.73; 
p = 0.590). Notably, there was a modest interaction between 
tumor size and AR (HR, 0.94; 95 % CI, 0.88–1.00; p = 
0.045; Table 2). A plot of the interaction between tumor size 
and type of surgery demonstrated that the survival curves 
for the patients undergoing NAR and those who had AR 
diverged beyond a tumor size of approximately 4 cm. These 
data suggested that patients were less likely to experience 
a survival benefit from AR below a tumor size threshold 
of 4 cm, whereas patients were more likely to benefit as 
tumor size increased beyond 4 cm (Fig. 2). Notably, among 
257 (26.5 %) patients with tumor smaller than 4 cm, the 
3-year RFS did not differ based on type of surgery (NAR 
vs AR: 65.2 % [95 % CI, 55.7–76.2 %] vs 58.1 % [95 % CI, 
49.2–68.5 %]; p = 0.720; Fig. 3A). In contrast, among 712 
(73.4 %) patients with tumor size ≥4 cm, AR was associated 
with improved 3-year RFS (NAR vs AR: 34.7 % [95 % CI, 
27.5–43.8 %] vs 44.9 % [95 % CI, 40.4–50.0]; p = 0.018; 

Fig. 3B). These findings were confirmed in additional mul-
tivariable Cox models stratified by a tumor size threshold of 
4 cm. Although AR was not associated with improved RFS 
among patients with tumors smaller than 4 cm (HR, 0.97; 
95 % CI, 0.59–1.60; p = 0.898), AR remained independently 
associated with improved RFS among patients with tumors 
size ≥4 cm after adjustment for confounding factors (HR, 
0.69; 95 % CI, 0.54–0.89; p = 0.004; Table S2).  

The recurrence pattern was evaluated based on a tumor 
size threshold of 4 cm. Among 93 patients with tumors 
smaller than 4 cm who experienced recurrence, no difference 
was noted between patients who underwent NAR and those 
who had AR (Table S3). In contrast, among 377 patients 
with tumors size ≥4 cm who experienced recurrence, 
individuals who underwent NAR were more likely to have 
an intrahepatic-only recurrence pattern (NAR: n = 74 [74.0 
%] vs AR: n = 135 [48.7 %]; p < 0.001; Table S4).

On OS analysis, AR and NAR did not differ among 
patients with tumors either size ≥4 cm (5-year OS: NAR 
vs AR, 40.9 % [95 % CI, 32.3–51.9 %] vs 43.8 % [95 % CI, 
38.8–49.4 %]; p = 0.330) or smaller than 4 cm (5-year OS: 
NAR vs AR, 69.3 % [95 % CI, 58.2–82.5 %] vs 57.8 % [95 
% CI, 48.1–69.5 %]; p = 0.280; Fig. S2).

Additional Analysis Stratified by TNM Stage

An additional analysis stratified the cohort into early-
stage (TNM stage I) and advanced-stage (TNM stage II, 
IIIA, or IIIB) groups. Among early-stage patients with 
tumors smaller than 4 cm (n = 158), no difference in RFS 
was observed among individuals who underwent AR and 
those who had NAR (NAR vs AR: 3-year RFS, 71.0 % [95 % 
CI, 60.6–83.2 %] vs 67.4 % [95 % CI, 56.3–80.9]; p = 0.880; 
Fig. 4A). Notably, among patients with tumors size ≥4 cm 
(n = 422), AR was associated with better RFS (NAR vs AR: 
3-year RFS, 39.0 % [95 % CI, 30.3–50.2 %] vs 52.8 % [95 % 
CI, 47.0–59.4 %]; p = 0.029; Fig. 4B). A similar trend was 
observed among advanced-stage patients. Among patients 
with tumors smaller than 4 cm (n = 99), no difference in 
RFS was noted relative to the surgical approach (NAR vs 
AR: 3-year RFS, 50.2 % [95 % CI, 33.1–76.3 %] vs 46.4 % 
[95 % CI, 34.0–63.5 %]; p = 0.920; Fig. 4C). In contrast, 
among patients with tumors size ≥4 cm (n = 290), AR was 
associated with improvement in RFS (NAR vs AR: 3-year 
RFS, 22.6 % [95 % CI, 12.6–40.7 %] vs 33.9 % [95 % CI, 
27.4–41.9 %]; p = 0.025; Fig. 4D).

Additional Analysis Including Patients With 90‑Day 
Mortality

A sensitivity analysis of 41 patients with 90-day mortality 
in the overall cohort (n = 1010) was performed. Among 263 
(26.0 %) patients with tumor smaller than 4 cm, the 3-year 
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RFS remained similar between patients who underwent 
NAR and those who had AR (65.3 % [95 % CI, 55.9–76.3 %] 
vs 58.1 % [95 % CI, 49.2–68.5 %]; p = 0.710). In contrast, 

among 747 (74.0 %) patients with tumor size ≥4 cm, AR 
remained associated with improved 3-year RFS (NAR vs 
AR: 34.9 % [95 % CI, 27.7–44.1 %] vs 44.9 % [95 % CI, 
40.4–49.9 %]; p = 0.021; Fig. S3).

DISCUSSION

Although liver resection with an R0 margin remains the 
mainstay of treatment for ICC, international guidelines 
offer no clear recommendations on whether AR or NAR 
is preferred.7,8,22,23 The European Society for Medical 
Oncology (ESMO) and the European Network for the 
Study of Cholangiocarcinoma (ENS-CCA) do not specify 
the necessity of AR over NAR, whereas the 2024 National 
Comprehensive Cancer Network (NCCN) guidelines 
consider both approaches acceptable as long as negative 
margins are achieved.7,22,23 In contrast, the European 
Association for the Study of the Liver (EASL) and the 
International Liver Cancer Association (ILCA) recommend 
AR as the preferred treatment.8 These conflicting 

TABLE 2   Uni- and multivariable COX regression analysis for recurrence

HR hazard ratio, CI confidence interval, ASA American Society of Anesthesiologists, ALBI albumin-bilirubin, CA19-9 carbohydrate antigen, AR 
anatomic resection, NAR non-anatomic resection, PI periductal infiltrating, Nx not examined, MF mass-forming, IG  intraductal growth
a Bold font signifies p value <0.05

Variables Reference Univariate analysis Multivariate analysis

HR 95 % CI p Valuea HR 95 % CI p Valuea

Age 0.99 (0.98–0.99) 0.001 0.98 (0.98–0.99) <0.001
Male sex Female 1.10 (0.91–1.32) 0.334
ASA classification >2 ≤2 0.87 (0.72–1.05) 0.157
Region (Eastern) Western 1.01 (0.84–1.21) 0.940
Year of surgery (2011–2023) 2000–2010 0.85 (0.70–1.02) 0.077 0.86 (0.70–1.04) 0.125
Neoadjuvant chemotherapy 1.09 (0.72–1.66) 0.676
Cirrhosis 1.24 (0.98–1.57) 0.077 1.30 (1.01–1.67) 0.042
ALBI 1.08 (0.94–1.24) 0.294
CA19-9 1.00 (1.00–1.00) 0.630
Tumor size 1.08 (1.06–1.11) < 0.001 1.15 (1.09–1.21) <0.001
AR NAR 0.91 (0.74–1.11) 0.362 1.13 (0.73–1.73) 0.590
Lymphadenectomy 1.05 (0.88–1.26) 0.563
Pathologic T3 T1/T2 1.57 (1.26–1.94) < 0.001 1.27 (0.99–1.63) 0.057
Pathologic N category
N1 N0 1.79 (1.38–2.33) < 0.001 1.59 (1.20–2.09) 0.001
Nx N0 1.14 (0.93–1.40) 0.214 1.19 (0.95–1.49) 0.139
Surgical margin <5 mm ≥5 mm 1.13 (0.94–1.35) 0.195
Microvascular invasion 1.52 (1.24–1.85) < 0.001 1.41 (1.11–1.78) 0.005
Morphologic type (PI/MF+PI) MF, IG 1.24 (0.93–1.66) 0.143
Grade (poorly differentiated/

undifferentiated)
Well-/moderately differentiated 1.25 (0.98–1.58) 0.068 1.18 (0.92–1.51) 0.198

Perineural invasion Minor hepatectomy 1.41 (1.12–1.78) 0.003 1.26 (0.96–1.64) 0.090
Adjuvant chemotherapy 1.04 (0.85–1.26) 0.708
Tumor size × AR NAR 0.94 (0.88–1.00) 0.045
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FIG. 2   Plot illustrating the interaction between tumor size, surgical 
type (anatomic resection [AR] vs non-anatomic resection [NAR]), 
and the adjusted hazard of recurrence-free survival (RFS)
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recommendations can be attributed to the absence of 
randomized controlled trials comparing AR and NAR and 
inconsistent results from retrospective studies.6 For example, 
a single-institution study with approximately 700 ICC 
patients noted that AR was associated with better RFS and 
OS than NAR.24 In contrast, a multi-institutional study from 
China reported no difference in RFS between AR and NAR 
(median RFS, 20 vs 17 months, respectively; p = 0.340).25

Although the explanation for these disparate data is 
likely multifactorial, these discrepancies may result from 
the fact that subgroups of patients most likely to benefit 
from AR have not been clearly identified.13 Therefore, the 
current study was important because we identified a notable 
relationship between larger tumor size and a survival benefit 
of AR for patients undergoing curative-intent resection for 
ICC, using a large international multi-institutional database. 
Furthermore, the use of RCS analysis demonstrated that AR 
was not associated with a survival benefit for patients with 
tumors smaller than 4 cm.

In contrast, a survival benefit from AR was observed 
among patients with tumor size ≥4 cm. Notably, this 
survival benefit of AR for tumors larger beyond 4 cm was 
consistent regardless of pathologic TNM stage. Thus, AR 
conferred a survival advantage for tumors size ≥4 cm, 
whereas no survival benefit existed for tumors smaller than 
4 cm regardless of tumor stage. These findings underscore 
the applicability of a 4 cm threshold to assist surgeons in 
deciding whether to perform AR or NAR for ICC. Although 
extensively studied in HCC, the impact of AR versus 
NAR on oncologic outcomes related to ICC has not been 
examined.9–13 The concept of AR, introduced by Makuuchi 
et al.26 in 1985, involves removing the hepatic segment 
or subsegment that includes the tumor-bearing portal 

tributaries, as well as major branches of the portal vein and 
hepatic artery.26 Theoretically, AR may provide superior 
locoregional control by removal of the entire tumor burden, 
including any micro-portal invasion and intra-hepatic 
metastases.10,27 On the other hand, NAR may better preserve 
healthy liver tissue, reducing the risk of postoperative liver 
insufficiency.28 In addition, NAR of the primary ICC tumor 
may expand eligibility for future surgical treatment in cases 
of resectable intrahepatic recurrence, for which repeat liver 
resection treatment has been suggested to improve survival 
outcomes.29,30 As such, the ideal surgical approach to hepatic 
resection of ICC should optimize locoregional control yet 
preserve as much non-tumorous hepatic parenchyma in the 
FLR as possible.10 The effectiveness of locoregional control 
may vary depending on tumor biology, suggesting that 
whereas some patients may benefit from AR, others might 
achieve comparable outcomes with R0 resection alone.13 In 
the field of HCC, several investigators have demonstrated 
that the survival benefit of AR is linked to prognostic factors 
such as tumor size and vascular invasion.11,12,31,32 Similarly, 
the current study demonstrated that ICC patients with larger 
tumors derived a survival benefit from AR, whereas AR was 
not associated with a survival benefit for patients with a 
tumor smaller than 4 cm. In particular, among patients with 
tumors size ≥4 cm, those who underwent NAR were more 
likely to experience intrahepatic-only recurrence. These data 
suggested that AR may play a crucial role in controlling 
microscopic intrahepatic dissemination in larger tumors, 
potentially by removing undetectable satellite lesions or by 
microscopic vascular invasion.

Among ICC patients who undergo curative-intent 
surgery, tumor size is a well-established prognostic fac-
tor.4,14,15,33,34 For instance, a meta-analysis of 4765 
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patients who underwent surgery for ICC noted that larger 
tumor size was associated with worse overall OS.33 Addi-
tionally, Tsilimigras et al.4 reported a 12 % increased risk 
of early recurrence for every 1-cm increase in tumor size. 
Consistent with these findings, the current study also dem-
onstrated that larger tumor size was associated with worse 
long-term outcomes, reinforcing the idea that tumor size 
serves as an indicator of oncologic burden for ICC patients 
after liver resection. However, research on how tumor size 
interacts with type of surgery has been limited, particu-
larly regarding whether tumor size can stratify patients 
based on their likelihood of benefiting from AR. This point 
is a critical consideration because decisions regarding AR 
or NAR typically are made preoperatively, and tumor size 

is one of the few prognostic factors that can be estimated 
before surgery.24

Importantly, the current study demonstrated that 
tumor size markedly influenced the survival benefit 
associated with AR for ICC patients. By using RCS 
analysis, we identified a critical tumor size threshold of 
4 cm, beyond which AR was associated with a survival 
benefit. Supporting the findings, a single-institution 
retrospective study indicated that patients with TNM 
stage IB, characterized by a solitary tumor larger than 5 
cm, experienced a survival benefit from AR.24 In contrast, 
patients with TNM stage IA, defined as a solitary tumor of 
5 cm or smaller, did not have a survival benefit from AR.24 
These findings underscore the importance of incorporating 
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tumor size into the preoperative decision-making process 
when AR versus NAR is considered for ICC patients.

To account for important pathologic factors such as 
lymph node metastasis and vascular invasion, we further 
stratified the patients into early and advanced stages based 
on the eighth AJCC staging system.17 The patients with 
stage II or III disease, characterized by vascular invasion, 
visceral peritoneum perforation, or lymph node metastasis, 
were classified as having advanced-stage disease, whereas 
those who had stage I disease without these factors were 
categorized as having early-stage disease.17,24,35

Among patients with ICC, lymph node metastasis and 
MVI are established prognostic factors.4,33,36 For example, 
a recent systematic review demonstrated that ICC patients 
with lymph node metastasis or MVI were respectively 57 
% or 42 % more likely to experience early recurrence.36 
Consistent with previous studies, these factors were 
identified as independent predictors of recurrence in the 
current study, suggesting that these factors need to be 
considered when the type of surgery is being determined.24 
However, unlike tumor morphology, these pathologic 
factors are difficult to assess preoperatively.24

Notably, in the current study, AR did not confer 
a survival advantage for tumors smaller than 4 cm 
irrespective of other pathologic features. In contrast, for 
tumors size ≥4 cm, AR was associated with a survival 
benefit, even when other adverse pathologic factors were 
considered. These findings suggest that a 4-cm tumor size 
threshold is important in determining the survival benefit 
of AR for ICC, independently of other prognostic factors 
included in the TNM staging system. Consequently, tumor 
size should be a primary consideration in surgical planning 
for ICC regardless of advanced pathologic features.

In the current study, the incidence of severe 
complications was higher among the patients undergoing 
AR versus NAR (17.6 % vs 6.5 %; p < 0.001). As such, 
AR should be reserved for cases for which the oncologic 
benefits are justified. We found AR to be associated 
with prolonged RFS, particularly for tumors size ≥4 cm, 
suggesting a potential oncologic advantage. However, this 
benefit did not translate into a survival benefit in terms of 
OS, regardless of tumor size. The lack of an OS benefit 
may be due to the availability of salvage therapies after 
recurrence, as well as the relatively moderate follow-up 
period duration (median, 26.2 months [IQR, 13.9–35.8 
months]) and sample size, which may have reduced the 
statistical power to detect OS differences. Given the 
increased morbidity associated with AR and the ongoing 
controversy regarding its long-term benefit, even among 
patients with tumors size ≥4 cm, surgical decision-
making should be individualized, particularly for high-
risk patients, such as the elderly or individuals with major 
comorbidities or impaired liver function.

Several limitations should be considered when the 
results of the current study are interpreted. Although 
the multi-institutional nature of the database was a 
strength, heterogeneity in patient selection and surgical 
techniques likely existed across participating centers. In 
particular, variability in the criteria used by institutions 
and surgeons to determine the extent of liver resection 
may have introduced selection bias. In the current study, 
because AR was performed according to institutional and 
surgeon-specific protocols, the method used to delineate the 
anatomic boundaries of resection may have varied among 
institutions. Intraoperative techniques such as indocyanine 
green fluorescence imaging, intraoperative ultrasonography, 
and three-dimensional navigation were not standardized 
across centers, which may have led to variability in defining 
resection planes, possibly influencing the oncologic 
outcomes. Furthermore, due to the rarity of ICC, a large 
international multi-institutional database spanning multiple 
decades was required to achieve a sufficient sample size.

To account for potential temporal biases, the time period 
(2000–2010 vs 2011–2023) was included as a covariate in 
the multivariable model. Although this approach allowed 
for adjustment of major temporal variations, the influence 
of unmeasured confounders related to evolving clinical 
practices could not be fully excluded. In addition, although 
the current study identified a tumor size threshold of 4 cm 
using a large international multi-institutional database, the 
external validity of the findings requires further evaluation. 
A prospective study with standardized surgical techniques 
and perioperative management is needed to validate our 
findings.

In summary, AR was not associated with a survival 
benefit for the patients with an ICC tumor size smaller 
than 4 cm. In contrast, the patients with tumors 4 cm or 
larger experienced a survival benefit with AR after curative-
intent hepatic resection of ICC. Notably, this 4 cm tumor 
size threshold was applicable to both patients with early 
and those with advanced-stage features. These findings 
suggest that tumor size may be a valuable criterion in 
surgical decision-making relative to AR versus NAR for 
ICC patients.
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