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Purpose  In the latest staging system of the American Joint Committee on Cancer for intrahepatic cholangiocarcinoma (IHCCC), soli-
tary tumors with vascular invasion and multiple tumors are grouped together as T2. However, recent studies report that multifocal 
IHCCC has a worse prognosis than a single lesion. This study aimed to investigate the risk factors for IHCCC and explore the prognostic 
significance of multiplicity after surgical resection.
Materials and Methods  A total of 257 patients underwent surgery for IHCCC from 2010 to 2019 and the clinicopathological data 
were retrospectively reviewed. Risk factor analysis was performed to identify variables associated with survival after resection. Sur-
vival outcomes were compared between patients with solitary and multiple tumors.
Results  In multivariable analysis, the presence of preoperative symptoms, tumor size, lymph node ratio, multiplicity, and tumor differ-
entiation were identified as risk factors for survival. Among 82 patients with T2, overall survival was significantly longer in patients with 
solitary tumors (sT2) than in those with multiple tumors (mT2) (p=0.017). Survival was compared among patients with stage II-sT2, 
stage II-mT2, and stage III. The stage II-sT2 group showed prolonged survival when compared with stage II-mT2 or stage III. Survivals 
of stage II-mT2 and stage III patients were not statistically different. 
Conclusion  Tumor multiplicity was an independent risk factor for overall survival of IHCCC after surgical resection. Patients with 
multiple tumors showed poorer survival than patients with a single tumor. The oncologic significance of multiplicity in IHCCC should 
be reappraised and reflected in the next staging system update.
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Introduction

Intrahepatic cholangiocarcinoma (IHCCC) arises from the 
second-order bile ducts or more peripheral ducts, and is the 
second most common primary liver malignancy. The inci-
dence is higher in Eastern countries, including Korea than 
in Western countries, showing geographical variation. Since 
it was reported that the worldwide incidence has increased 
over the last decade [1], the need for proper diagnosis and 
management of IHCCC is gaining significance.

The only curative treatment for IHCCC is surgical resec-
tion. To assess resectability and to classify stage groups after 
surgical resection, the American Joint Committee on Cancer 
(AJCC) staging system is widely used as a standard. In the 
7th AJCC system, IHCCC had its own staging system, which 
was independent from hepatocellular carcinoma. However, 
in the latest 8th system, some major changes have been app-

lied [2,3]. One of the changes is presented in the T2 catego-
ry. In the 7th system, T2 was subdivided into T2a and T2b  
according to the number of tumors (multiplicity) and vas-
cular invasion whereas in the 8th system, T2 is no longer 
sub-classified. Now, the prognostic value of multiplicity is 
regarded as equivalent to that of vascular invasion [4].

However, some recent studies have shown that tumor 
multiplicity is associated with a poor prognosis of IHCCC. 
A recent study using the National Cancer Database of the 
United States suggested that patients with multifocal T2N0 
IHCCC had poorer overall survival (OS) than those with 
solitary T2N0 diseases [5]. Another multi-institutional study 
identified that IHCCC with satellite nodules in the same liver 
segment is associated with a worse prognosis compared to a 
single IHCCC [6]. In the present study, we aimed to explore 
the prognostic impact of tumor multiplicity in patients with 
surgically resected IHCCC.
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Materials and Methods

1. Patient database
From January 2010 to December 2019, a total of 257 pati-

ents underwent surgical resection for IHCCC in Samsung 
Medical Center, Seoul, South Korea. The demographic and 
clinicopathological data of the patients were retrospectively 
reviewed. In the patient’s medical history, preoperative dis-
ease-related symptoms included abdominal pain, jaundice, 
and unintentional weight loss. Preoperative laboratory data 
included serum total bilirubin level, carbohydrate antigen 
19-9 (CA 19-9), and inflammatory markers (neutrophil-to-
lymphocyte ratio [NLR] and platelet-to-lymphocyte ratio 
[PLR]). Pathology reports included the size and differentia-
tion of the tumor, tumor multiplicity, numbers of harvested 
and metastatic lymph nodes (LNs), lymphovascular inva-
sion, or perineural invasion (PNI), and the residual tumor 
status (R status). Pathological staging was based on the 8th 
edition of the AJCC staging manual [3]. Tumor multiplicity 
was defined when there were more than two distinct lesions 
found in a surgical specimen, regardless of Couinaud liver 
segments.

2. Survival outcomes
After hospital discharge, patients underwent surveillance 

using contrast-enhanced abdomino-pelvic computed tomog-
raphy (CT) and a CA 19-9 level check, every 3 or 6 months. 
Recurrence was diagnosed when suspicious lesions were  
detected by CT scans and patients exhibited elevated CA 
19-9 levels.

Recurrence-free survival (RFS) was defined as the time 
interval from the date of operation to the date when recur-
rence was diagnosed. OS was calculated as the time from the 
date of operation to death from any causes. The last update 
of follow-up data was performed in August 2022.

3. Statistical analysis
To identify risk factors for recurrence and survival, uni- 

and multivariable logistic regression analyses were per-
formed. Variables with a p-value of < 0.1 from univariable 
analysis were included in a multivariable analysis. Hazard 
ratios (HRs) were reported with 95% confidence intervals 
(CIs). Kaplan-Meier survival curves with log rank tests 
were used to compare survival among patients, according to  
tumor multiplicity and stage. All statistical analyses were 
performed using IBM SPSS ver. 26 (IBM Corp., Armonk, NY).

Results

1. Patient characteristics
The demographic and clinicopathological data of the  

patients are shown in Table 1. The mean age was 63.7 years, 
and 58 patients (22.6%) had chronic liver disease. Hemihe-
patectomy or extended hemihepatectomy was performed in 
190 patients (73.9%), and sectionectomy or segmentectomy 
was performed in the other 67 patients (26.1%). Bile duct 
resection was additionally performed in 17 patients (6.6%). 
Among all patients, 34 patients (13.2%) presented with  
tumor multiplicity. R0 resection was achieved in 241 patients 
(93.8%). The median RFS was 29 months, and median OS 
was 52 months.

2. Risk factors for survival
Risk factor analysis was performed to identify variables 

associated with RFS and OS after surgical resection of IH-
CCC (Table 2). In the multivariable analysis for RFS, elevat-
ed preoperative CA 19-9 (HR, 2.691; 95% CI, 1.437 to 5.030; 
p=0.002), preoperative NLR (HR, 1.558; 95% CI, 1.210 to 
2.007; p=0.001), tumor size (HR, 1.157; 95% CI, 1.026 to 1.305; 
p=0.018), and PNI (HR, 2.111; 95% CI, 1.162 to 3.837; p=0.014) 
were independent risk factors. In terms of OS, preopera-
tive symptoms (HR, 1.912; 95% CI, 1.129 to 3.246; p=0.016),  
tumor size (HR, 1.137; 95% CI, 1.020 to 1.267; p=0.021), LN 
ratio (HR, 8.594; 95% CI, 2.837 to 26.031; p < 0.001), tumor 
multiplicity (HR, 1.948; 95% CI, 1.062 to 3.572; p=0.031), 
and tumor differentiation (HR, 1.615; 95% CI, 1.110 to 2.352; 
p=0.012) were significantly related factors. 

3. Survival outcomes according to tumor multiplicity
As shown in Fig. 1, RFS was compared in patients with 

T2 IHCCC according to tumor multiplicity. In all T2 patients 
(n=82), RFS was significantly longer in patients with single 
tumor than those with multiple tumors (median survival, 
28.1 vs. 8.0 months; p=0.007) (Fig. 1A). To eliminate the prog-
nostic effect of LN metastasis, another survival curve was 
drawn after excluding patients with N1 disease (n=66) (Fig. 
1B). Patients in whom LN status was not assessed during 
surgery (Nx) were regarded as N0. Patients with tumor mul-
tiplicity showed significantly poorer RFS than those without 
tumor multiplicity (median survival, 37.0 vs. 7.8 months; 
p=0.004).

In the analysis for OS, patients with a T2-single tumor 
showed prolonged survival than those with T2-multiple  
tumors (median survival, 45.0 vs. 29.0 months; p=0.017) (Fig. 
2A). After adjustment for LN status, OS in patients with a 
T2-single tumor was significantly longer than in those with 
T2-multiple tumors (median survival, 52.0 vs. 29.0 months; 
p=0.010) (Fig. 2B).
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To explore the prognostic effect of tumor multiplicity, 
we compared RFS and OS according to the AJCC 8th stag-
ing system (Fig. 3). Patients with stage II were divided into 
two groups: stage II with a single tumor (stage II-sT2) and 
stage II with multiple tumors (stage II-mT2). The RFS of the 
stage II-sT2 group was superior to that of the stage II-mT2 
group (median survival, 37.0 vs. 7.8 months; p=0.004) (Fig. 
3A). Also, the stage II-sT2 group demonstrated longer OS 
than the stage II-mT2 group (median survival, 52.0 vs. 29.0 
months; p=0.010) and stage IIIA group (median survival, 
52.0 vs. 15.0 months; p=0.012) (Fig. 3B). Both the RFS and OS 
of the stage II-mT2 group did not significantly differ from 
those of the stage IIIA or IIIB group.

Discussion

The recently updated AJCC staging system for IHCCC 
suggests that multiple tumors would have prognostic  
impacts equivalent to that of a solitary tumor with vascu-
lar invasion. The present study aimed to explore the clinical  
implications of tumor multiplicity in surgically resected IH-
CCC and identified that multiplicity is an independent risk 
factor for survival. In the survival analysis, patients with T2-
multiple tumors showed worse survival than those with a 
T2-solitary tumor, regardless of nodal status. There was no 
statistically significant difference in OS between patients 
with stage II-multiple T2 and those with stage IIIA (T3N0).

The issue that first needs to be addressed is that no consen-
sus has been reached regarding terminology that indicates 

Table 1.  Continued

Variable	 Value

    Perineural invasion, yes	 80 (31.1)
    R0 resection	 241 (93.8)
    Adjuvant treatment, yes	 46 (17.9)
    Median RFS (mo) 	 29 
    5-Year RFS rate (%)	 43.1
    Median OS (mo)	 52 
    5-Year OS rate	 45.4

Values are presented as number (%) or mean±SD. AJCC, the 
American Joint Committee on Cancer; ASA, the American Soci-
ety of Anesthesiologists; BMI, body mass index; CA 19-9, carbo-
hydrate antigen 19-9; LN, lymph node; NLR, neutrophil-to-lym-
phocyte ratio; OS, overall survival; PLR, platelet-to-lymphocyte 
ratio; Preop., preoperative; RFS, recurrence-free survival; SD, 
standard deviation. a)Preop. symptoms included any of the fol-
lowing; abdominal pain, jaundice and weight loss of more than 
5% of the usual body weight over a 6- to 12-month period, b)Nx 
was regarded as N0.

Table 1.  Demographic and clinicopathologic data of the study 
cohort (n=257)

Variable	 Value

Age (yr)	 63.7±9.9
Sex	
    Male	 165 (64.2)
    Female	 92 (35.8)
BMI (kg/m2)	 24.0±3.0
ASA score	
    I	 39 (15.2)
    II	 195 (75.9)
    III	 23 (8.9)
Chronic liver disease, yes	 58 (22.6)
Preop. symptoms	
    No	 190 (73.9)
    Yesa)	 67 (26.1)
Initial serum total bilirubin (mg/dL)	 1.2±2.6
Preop. serum total bilirubin (mg/dL)	 0.7±0.7
Preop. CA 19-9 > 37 U/mL, yes	 108 (42.0)
Preop. NLR	 2.1±1.1
Preop. PLR	 125.3±59.0
Operation type	
    Hemihepatectomy (or extended)	 190 (73.9)
    Sectionectomy	 42 (16.4)
    Segmentectomy	 25 (9.7)
Combined bile duct resection	 17 (6.6)
Operation time (min)	 238.1±86.6
Estimated blood loss (mL)	 483.1±865.0
Length of stay (day)	 10.7±5.9
Pathology	
    AJCC 8th stageb)	
        0 (Tis)	 18 (7.0)
        IA (T1aN0)	 73 (28.4)
        IB (T1bN0)	 14 (5.4)
        II (T2N0)	 65 (25.3)
        IIIA (T3N0)	 13 (5.1)
        IIIB (T4N0 or AnyT-N1)	 74 (28.8)
    LN status	
        N0	 104 (40.5)
        N1	 46 (17.9)
        Not assessed (Nx)	 107 (41.6)
    Tumor size (cm)	 4.3±2.7
    Multiplicity, yes	 34 (13.2)
    Tumor differentiation	
        Well differentiated	 33 (12.8)
        Moderately differentiated	 132 (51.4)
        Poorly differentiated	 59 (23.0)
        Undifferentiated	 5 (1.9)
        Unknown	 28 (10.9)
    LN ratio	 0.1±0.2
    Lymphovascular invasion, yes	 102 (39.7)

(Continued)
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the existence of multiple tumors in IHCCC. Other than mul-
tiplicity, ‘multifocality’, ‘satellite nodules’, ‘daughter nod-
ules’, and ‘intrahepatic metastasis’ have been used in previ-
ous studies. Even the recent AJCC staging system does not 
state further details on ‘multiple tumors’, such as the num-
ber, location, or patterns of distribution. This lack of clarity in 
the definition of multiple tumors might be attributed to the 

former version of the staging system, in which the staging of 
IHCCC was according to that of primary liver tumors such 
as hepatocellular carcinoma (HCC). The distinct system for 
IHCCC, independent from HCC, was first provided in the 
7th edition [7]. Contrary to HCC, in which multiple primary 
tumors may arise from the background hepatic pathology 
such as liver cirrhosis, multiple lesions in IHCCC could be 

Table 2.  Univariate and multivariate analysis of risk factors for recurrence-free and overall survival

Variable 
      		            Recurrence-free survival			                    Overall survival

	 Uni p	 HR	 95% CI	 p-value	 Uni p	 HR	 95% CI	 p-value

Age	 0.807	 -	 -	 -	 0.021	 -	 -	 -
Male sex (ref. female)	 0.297	 -	 -	 -	 0.771	 -	 -	 -
BMI	 0.250	 -	 -	 -	 0.210	 -	 -	 -
ASA score	 0.181	 -	 -	 -	 0.373	 -	 -	 -
Chronic liver disease	 0.822	 -	 -	 -	 0.351	 -	 -	 -
Preop. symptoms	 0.126	 -	 -	 -	 0.001	 1.912	 1.129-3.246	 0.016
Initial serum bilirubin	 0.070	 -	 -	 -	 0.370	 -	 -	 -
Preop. serum bilirubin	 0.132	 -	 -	 -	 0.444	 -	 -	 -
Elevated preop. CA 19-9 	 < 0.001	 2.691	 1.437-5.030	 0.002	 < 0.001	 -	 -	 -
Preop. NLR	 < 0.001	 1.558	 1.210-2.007	 0.001	 < 0.001	 -	 -	 -
Preop. PLR	 0.051	 -	 -	 -	 0.056	 -	 -	 -
Tumor size 	 0.001	 1.157	 1.026-1.305	 0.018	 0.001	 1.137	 1.020-1.267	 0.021
LN metastasis	 < 0.001	 -	 -	 -	 < 0.001	 -	 -	 -
LN ratio	 < 0.001	 -	 -	 -	 < 0.001	 8.594	 2.837-26.031	 < 0.001
Multiplicity	 < 0.001	 -	 -	 -	 < 0.001	 1.948	 1.062-3.572	 0.031
Tumor differentiation	 < 0.001	 -	 -	 -	 < 0.001	 1.615	 1.110-2.352	 0.012
LVI	 < 0.001	 -	 -	 -	 < 0.001	 -	 -	 -
PNI	 < 0.001	 2.111	 1.162-3.837	 0.014	 < 0.001	 -	 -	 -
R1 resection	 < 0.001	 -	 -	 -	 < 0.001	 -	 -	 -
Adjuvant therapy 	 < 0.001	 -	 -	 -	 < 0.001	 -	 -	 -
ASA, American Society of Anesthesiologists; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9; CI, confidence interval; HR, haz-
ard ratio; LN, lymph node; LVI, lymphovascular invasion; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, 
perineural invasion; Preop., preoperative; Uni p, p-value from univariable analysis.
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Fig. 1.  Comparisons of recurrence-free survival between patients with single-T2 and multiple-T2 lesions. (A) In all patients (n=82). (B) In 
T2/N0 or T2/Nx patients (n=66).
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regarded as hematogenous dissemination from one primary 
focus [8]. Despite the possibility of disseminated intrahepatic 
disease, surgery with curative intent is tried when there is 
no extrahepatic involvement. In the present study, which  
included patients with curative resection, tumor multiplicity 
was defined as the presence of multiple lesions confined in 
the same geographic hepatic area, accompanying the poten-
tial for curative surgery. The issues on terminology regard-
ing multiple tumors should be further discussed in the next 
update of the staging system.

The prognostic significance of multiplicity in IHCCC has 

been demonstrated in several recent studies. In 2008, Con-
ci et al. [6] compared the survival of patients with resected 
IHCCC according to the patterns of tumor distribution. The 
authors defined ‘satellite nodules’ when additional lesions 
were located in the same Couinaud liver segment, and ‘mul-
tifocality’ when multiple lesions were scattered through dif-
ferent liver segments. These two patterns were independ-
ent risk factors for survival and associated with a poor OS 
compared to patients with a single IHCCC lesion. Patients 
with multifocality had significantly worse survival outcomes 
than those with satellites, but still had a better prognosis 
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Fig. 2.  Comparisons of overall survival between patients with single-T2 and multiple-T2 lesions. (A) In all patients (n=82). (B) In T2/N0 
or T2/Nx patients (n=66).
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than those with non-curative (R2) resection. Other studies 
also proposed the necessity for the upstaging of multiple  
lesions by comparing survival outcomes with other advanced 
stage disease [9,10]. The results are somewhat consistent 
with the present study in that multiple lesions were related 
with a worse OS. In another study which utilized a Surveil-
lance, Epidemiology, and End Results database, the authors 
used the term “liver metastasis” to refer to T2-multiple IH-
CCC and analyzed the prognosis by comparing it to tumors 
of other stages [8]. The authors suggested that stage II with 
multiplicity should be regarded as M1 disease, considering 
the poorer outcomes of patients with multiple lesions com-
pared to those with other early-stage tumors. In this regard, 
‘resectability’ of IHCCC is an issue which needs a consensus 
of opinion. Despite the technological advances in radiology, 
not all multiple lesions could be identified preoperatively in 
imaging studies, especially when they are small peritumoral 
lesions [6]. Even in cases of preoperatively perceptible mul-
tiplicity, some surgeons proceed with surgery while other 
surgeons may introduce palliative chemotherapy [11,12]. 
Since the appropriate candidates for curative-intent surgery 
in multiple IHCCC, in the absence of extrahepatic metasta-
sis, have yet to be determined [10,12-14], a multidisciplinary  
approach should be considered in order to assess the risk and 
benefit of surgical resection and to devise other liver-directed 
treatment options.

Besides tumor multiplicity, several other factors were iden-
tified as risk factors for survival after resection of IHCCC. 
Among several preoperative variables, NLR was associated 
with an increased risk of recurrence. Preoperative inflamma-
tory markers, such as NLR, can be readily obtained from by 
the results of basic blood or body fluid tests and have been 
extensively researched as prognostic factors in biliary tract 
cancers [15-17]. It is supposed that inflammatory markers 
might reflect the peritumoral inflammatory microenviron-
ment, which triggers the release of several growth factors 
and leads to cancer progression [18,19]. In previous studies, 
PLR, systemic immune-inflammation index, and lympho-
cyte-to-C-reactive protein have also been investigated as  
potential immunonutritional markers related to IHCCC 
[20-22]. In a recent study which suggested predictive nomo-
grams for IHCCC, the authors developed a laboratory risk 
score using a combination of preoperative CA 19-9, NLR, 
platelet counts, and albumin to predict long-term survival 
[23]. Further investigation is required to explore other poten-
tial biomarkers, or combinations of them, and their prognos-
tic values in IHCCC.

In risk factor analysis for OS, lymph node ratio (LNR) was 
an independent risk factor, rather than LN metastasis itself. 
Since LNR consists of the numbers of both yielded and meta-
static LNs, it is suggested that harvesting a certain number 

of LNs during an operation might be inevitable for accurate 
tumor staging. However, despite the association between 
LN status and survival outcomes of IHCCC [24,25], much 
controversy surrounds the role and extent of LN dissection 
and its survival benefit [26-31]. In previous studies, some  
authors argued that lymphadenectomy is confined to a pro-
cedure for staging since it has little effect on survival [26-28]. 
Others regarded extensive node dissection as a part of cura-
tive resection of IHCCC, which is associated with prolonged 
survival [29-31]. Considering that accurate staging enables 
the estimation of prognosis and provision of appropriate  
adjuvant treatment for an individual patient, a well-designed 
prospective study regarding the implication of LN dissection 
in IHCCC should be performed.

The present study has several limitations. The results of 
the study might be influenced by a significant bias largely 
due to its retrospective nature. Most of all, there was sub-
stantial heterogeneity between surgeons in the selection of 
surgical candidates, owing to the absence of a consensus  
regarding resectability and the extent of surgery required in 
patients with IHCCC. In the same context, data on preopera-
tive imaging for assessing multiplicity and vascular invasion 
were not included. Another point is that detail was not pro-
vided about the number and location of multiple lesions in 
the pathology reports. Despite all the potential limitations, it 
is apparent that definition and classification of multiplicity 
in IHCCC should be introduced, and the prognostic signifi-
cance of multiplicity should be adjusted for in the next stag-
ing system update. Furthermore, comprehensive research 
using large-scale prospective data needs to be forthcoming 
to investigate the relevance of surgical treatment in patients 
with multiple IHCCC lesions.
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