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Purpose: In current clinical practice, early recurrence (ER) is not commonly discussed in 
perihilar cholangiocarcinoma (pCCA), and its risk factors for this disease have not been well 
clarified. We carried out this study to analyze the risk factors contributing to ER and explored 
the prognostic factors after curative resection for pCCA.
Patients and Methods: A total of 335 consecutive pCCA patients were retrospectively 
analyzed. Risk factors contributing to ER were evaluated using univariate and multivariate 
logistic regression analyses. Prognostic factors of the ER group were determined by uni-
variate and multivariate Cox regression models. The overall survival (OS) rate was calcu-
lated using the Kaplan–Meier method. The Log rank test was used for OS comparison.
Results: Of the 335 cases, 258 patients (77.0%) developed tumor recurrence, 136 patients 
(40.6%) developed ER, and 122 patients (36.4%) developed late recurrence (LR) postopera-
tively. The median OS of the ER and LR groups was 15 months and 36 months, respectively 
(P<0.001). The multivariate analysis revealed that poor pathological differentiation 
(P=0.006; moderate vs well, odds ratio [OR]=2.162, 95% confidence interval [CI] 0.753–-
6.208, P=0.152; poor vs well, OR=4.839, 95% CI 1.544–15.170, P=0.007), perineural 
invasion (OR=4.797, 95% CI 1.586–14.510, P=0.005), and high levels of preoperative 
carbohydrate antigen 19–9 (CA19-9) (OR=2.205, 95% CI 1.208–4.026, P=0.010) were 
independent risk factors of developing ER after resection. Adjuvant chemotherapy 
(HR=0.383, 95% CI 0.154–0.953, P=0.039) remained as the independent protective factor 
of OS in patients with ER.
Conclusion: It is recommended that patients with poorly differentiated tumors, presence of 
perineural invasion, and high levels of preoperative CA19-9 receive closer follow-up and 
adjuvant chemotherapy following surgery.
Keywords: perihilar cholangiocarcinoma, adjuvant chemotherapy, overall survival, curative- 
intent resection, early recurrence

Introduction
Cholangiocarcinoma (CCA) is a challenging biliary tract tumor that is often 
difficult to diagnose and treat.1–3 According to different tumor characteristics, 
CCA can be divided into 3 groups: intrahepatic cholangiocarcinoma (iCCA), 
perihilar cholangiocarcinoma (pCCA), and distal cholangiocarcinoma (dCCA).4 

pCCA represents the most common type of biliary tract cancer and is often 
characterized in terms of pathology by aggressive biological behavior.4,5 
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Identification of driver alterations, earlier diagnosis of 
cancer, monitoring of treatment response, and exploration 
of resistance mechanisms are crucial to cancer 
management.6 Radical resection and neoadjuvant therapy 
followed by liver transplantation are the only potentially 
curative treatments for patients with pCCA.7–9 However, 
even with curative resection, the outcome is dismal, with 
the 5-year overall survival (OS) and disease-free survival 
(DFS) remaining unsatisfactory.10–13 These disappointing 
outcomes are primarily attributable to the high rates of 
recurrence.7,14,15

Recently, the term “early recurrence (ER)” has become 
widespread in the discourse surrounding various 
tumors.16–20 In current clinical practice, the term “ER” is 
rarely used in relation to pCCA, and its risk factors have 
not been well clarified. Surgical resection followed by ER 
has an important negative impact on the survival of 
patients.21 A thorough understanding of recurrence may 
improve therapeutic strategies and surgical outcomes. We 
believe that pre-, intra-, and postoperative clinicopatholo-
gical variables are indivisible, that all have profound 
effects on prognosis, and thus should be analyzed simulta-
neously. The ability of adjuvant therapy to improve OS has 
been extensively debated. According to the current pre-
vailing opinion, patients with margin-positive and node- 
positive disease appear to enjoy survival benefits from 
adjuvant therapy.22 Recently, a Phase 3 BILCAP trial 
conducted by Primrose and colleagues suggested that adju-
vant capecitabine could improve OS for biliary tract can-
cer compared with observation following surgery.23 

However, whether patients at a high risk of ER could 
benefit from adjuvant therapy remains unknown.

To explore the risk factors of ER and to inform the 
selection of patients who may benefit most from adjuvant 
chemotherapy, we retrospectively analyzed data from 
a high-volume center with a close postoperative follow- 
up approach.

Patients and Methods
Patient Demographic and Treatment Policy
In this study, no specific personal information was dis-
closed, and we ensured that anonymity was maintained. 
The ethics committee of West China Hospital, Sichuan 
University approved this research (2020–850) and waived 
the requirement for informed consent because we only 
collected clinical data and prognosis of patients retrospec-
tively and did not interfere with treatment. Organs 

involved in this study were donated voluntarily with writ-
ten informed consent, and related procedures were con-
ducted in accordance with the Declaration of Istanbul. 
This study was performed as a retrospective study and 
conducted in accordance with the Declaration of Helsinki.

A total of 377 patients with pCCA who underwent R0 or 
R1 resection at the West China Hospital between January 1, 
2010, and December 31, 2018, were recruited. Only those 
with histologically confirmed pCCA were included. The 
exclusion criteria were as follows: (1) patients that under-
went palliative surgery; (2) patients with peritoneal disse-
mination or liver metastasis; (3) patients that were lost to 
follow-up after discharge; (4) patients who suffered post-
operative mortality within 90 days; (5) patients who had 
received previous anticancer treatments; and (6) patients 
with a history of other malignancies.

pCCA was defined as cholangiocarcinoma involving 
hepatic duct bifurcation (lower boundary: the site of cystic 
duct origin; upper boundary: the second-order branches of 
the intrahepatic bile ducts). Patients with suspected pCCA 
were preoperatively assessed by a multidisciplinary team 
(MDT) comprising surgeons, physicians, medical oncolo-
gists, and radiologists. Preoperative examinations included 
B-ultrasonic examination, computed tomography (CT), 
magnetic resonance imaging/cholangiopancreatography 
(MRI/MRCP), endoscopic retrograde cholangiography 
(ERCP), and/or positron emission tomography (PET).

The operative technique consisted of complete dissec-
tion of the hilar structures, skeletonization of the hepato-
duodenal ligament, and removal of all fatty and nerve 
tissue surrounding the common hepatic artery, main portal 
vein, and bile duct.24 Lymph nodes of the hepatoduodenal 
ligament, the proper hepatic artery, and the posterior sur-
face of the head of the pancreas were routinely dissected 
and retrieved. Hemihepatectomy with resection of the 
caudate lobe was performed routinely except for Bismuth 
type I.25 Roux-en-Y hepaticojejunostomy was conducted. 
Resection was guided by intraoperative frozen-section his-
tology examination and intraoperative ultrasound. R0 was 
defined as no macroscopic or microscopic residual tumor, 
and R1 was defined as microscopically positive residual 
tumor. Recurrence was confirmed based on cytological 
and/or radiological examinations. According to our pre-
vious study, ER was defined as relapse within 12 months 
after surgery.26 The study cohort was classified into the 
three groups: the ER group (≤12 months before recur-
rence), the LR group (>12 months before recurrence), 
and the no recurrence (NR) group.
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Adjuvant Gemcitabine-Based 
Chemotherapy
According to the patients’ wishes and financial situation, 
adjuvant gemcitabine-based chemotherapy was adminis-
tered to 25 patients (7.5%) who mainly received resection 
after 2016. The patients were scheduled to receive 6 cycles 
of gemcitabine-based chemotherapy. The chemotherapy 
regimen was as follows: gemcitabine at a dose of 
800 mg/m2 biweekly and S1 orally twice daily at a dose 
of 60 mg/m2/day on days 1 through 28 of a 42-day cycle. 
When adverse effects were observed, dose modifications 
and delays were implemented by the attending doctors. 
Treatment was discontinued upon completion of the regi-
men, in cases of tumor recurrence or unacceptable toxic 
effects, or at the request of the patient or clinician.

Clinicopathological Evaluation
All laboratory indicators were examined within 1 week 
before surgery. Tumor markers were tested, and were con-
trolled in cases of biliary tract inflammation. Routine histo-
pathological workup was conducted for all resected pCCA 
cases by the Department of Pathology. Perioperative clinico-
pathological data, including clinical presentation, laboratory 
data and tumor markers, surgery-associated data, and patho-
logical findings were extracted from the medical records of 
all patients. Clinicopathological findings were compared 
among the 3 groups. Tumors were staged in accordance 
with the American Joint Committee on Cancer (AJCC) 
tumor–node–metastasis (TNM) classification, 8th edition.27 

The postoperative complications group included patients 
with ≥ Clavien–Dindo grade III complications requiring 
medical intervention. Patients without complications or 
with grade I or grade II complications were classified as the 
no complications group.

Postoperative Follow-up
Patients were followed up until January 2020. Outpatient 
follow-up was conducted every 2–3 months for the first year 
after surgery, and every 3–6 months thereafter. At each visit, 
patients underwent liver function assessment, measurement of 
tumor markers, and B-ultrasonic, computed tomography (CT), 
and/or magnetic resonance imaging (MRI) examination.25 All 
patients analyzed in this study had a follow-up of at least 
1 year (excluding cases of patient death). The sites of recur-
rence were sorted as intrahepatic, lymph node, local (anasto-
motic stoma), and distal based on radiographic findings. OS 

was computed as the interval between the date of surgery and 
the date of death or last follow-up.

Statistical Analysis
The primary end point of the current study was the ER rate, 
and the secondary study outcome was the OS rate. Numerical 
data are presented as means with standard deviations, med-
ians with the interquartile Ranges (IQR), or ranges, and were 
compared using the student’s t-test, Mann–Whitney U-test, 
or Kruskal–Wallis H-test, as appropriate. Categorical vari-
ables are reported as whole numbers and percentages, and 
were compared using the chi-squared (χ2) test or Fisher’s 
exact test, as appropriate. Pairwise comparison of categorical 
variables was performed by partitions of the χ2 method.

The cutoff value of total bilirubin (TBIL), indirect 
bilirubin (IBIL), direct bilirubin (DBIL), alanine amino-
transferase (ALT), aspartate amino transferase (AST), 
alkaline phosphatase (ALP), gamma-glutamyl transpepti-
dase (GGT), and carcinoembryonic antigen (CEA) were 
142.4 µmol/L, 128.9 µmol/L, 16.4 µmol/L, 98 IU/L, 80 
IU/L, 328 IU/L, 337 IU/L, and 3.0 ng/mL, which were 
their respective medians. The cutoff value of carbohydrate 
antigen 19–9 (CA19-9) was 1000 U/mL, which is the 
upper limit of the threshold level in our institute. Factors 
with P values <0.10 in the univariate analysis were 
included in the multivariate logistic regression analysis to 
identify independent predictors contributing to ER and LR. 
Survival analysis was estimated using the Kaplan–Meier 
method and compared using the Log rank test.

Additionally, 1-, 3-, and 5-year survival rates (YSRs) 
were calculated. Variables are presented as the odds ratio 
(OR) or hazard ratio (HR) with 95% confidence interval 
(95% CI). Statistical analyses were performed using SPSS 
(version 22, IBM Corp., Armonk, NY, USA), and Medcalc 
(version 15.2.2, http://www.medcalc.org). Two-tailed 
P values <0.05 were considered to indicate a statistically 
significant difference. Threshold levels of significance were 
adjusted for multiple comparisons by Bonferroni correction.

Results
Clinicopathological Characteristics of the 
Patients
A total of 377 consecutive patients who underwent radical 
surgery for pCCA were identified. Twenty-five patients were 
lost to follow-up since discharge and were censored. Seventeen 
(4.5%) patients that suffered surgery-related mortality (within 
90 days) were also excluded. Finally, 335 patients were 
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included in the present research. The median follow-up period 
of these pCCA patients was 51 months. The median OS and 
median recurrence-free survival (RFS) of 32 months (range, 
4–117) and 15 months (range, 1–117), respectively. The major-
ity of patients were male (n=183, 54.6%), and the median age 
was 61 years (range, 20–82). The median postoperative hospi-
tal stay was 17 days (range, 8–50). A major hepatectomy was 
performed in 267 (79.7%) patients, and the operation type of 
each group is described in Table 1. Most patients (n=278, 
83.0%) underwent a caudate lobe resection. The remaining 
57 (17.0%) patients received out-hepatic bile duct resection 
without hepatectomy. Eighteen (5.4%) patients had partial 
pancreatectomy in addition to hepatectomy, with 289 
(86.3%) patients having negative margins of the resected speci-
men (R0) and 46 (13.7%) patients having R1 margins (micro-
scopic residual). The proportion of each surgery was the same 
across groups (P=0.921). The intraoperative blood loss was 
also similar among the 3 groups (P=0.646). Adjuvant che-
motherapy (gemcitabine-based) was identical among the 3 
groups (P=0.349). Fifty-seven patients had postoperative com-
plications (Clavien–Dindo >IIIa), including infection (n=37), 
hypohepatia (n=4), biliary fistula (n=11), postoperative bleed-
ing (n=12), stress ulcer (n=6), deep venous thrombosis (n=2), 
and hepatic encephalopathy (n=1). Twelve patients had more 
than one type of complication. No differences in postoperative 
complications were observed between the 3 groups (P=0.364).

In terms of recurrence, 136 patients (40.6%) developed 
ER, 122 patients (36.4%) developed LR, and 77 patients 
(23.0%) had no recurrence (NR) during the follow-up per-
iod. The most common type of recurrence was local recur-
rence in both the ER (45.0%) and LR (37.0%) groups. In the 
ER group, intrahepatic metastasis, lymph node metastasis, 
local recurrence, and distal metastasis occurred in 52, 38, 61, 
and 15 patients, respectively, and 30 patients had more than 
one type of recurrence. In the LR group, 33, 43, 45, and 18 
patients had intrahepatic metastasis, lymph node metastasis, 
local recurrence, and distal metastasis, respectively, and 22 
patients had more than one type of recurrence.

Comparison of Clinicopathological 
Characteristics, and Operative and 
Postoperative Data Between the ER, LR, 
and NR Groups
Table 1 shows the comparison of the patients’ clinico-
pathological characteristics, along with operative and post-
operative data between the ER, LR, and NR groups; Table 
2 displays the pairwise comparison. Most of the laboratory 

data showed no significant differences (TBIL [P=0.052]; 
DBIL [P=0.058]; ALT [P=0.302]; AST [P=0.695]; ALP 
[P=0.481]; GGT [P=0.808]). There was an overall differ-
ence in the serum IBIL level (P=0.034); however, there 
were no differences observed between the groups by pair-
wise comparison (Table 2). The serum levels of CEA and 
CA19-9 of the ER group were higher than those of the NR 
group. The serum CA19-9 level of the LR group was also 
significantly higher than that of the NR group; however, 
this was not the case for the serum CEA level. There was 
no notable difference in the serum levels of CEA and 
CA19-9 between the ER and LR groups.

The following factors were equivalent between the 3 
groups: gender (P=0.177), age (P=0.640), maximum dia-
meter of the tumor (P=0.281), cholelithiasis (P=0.881), 
preoperative biliary drainage (P=0.300), caudate lobe 
resection (P=0.343), number of harvested lymph nodes 
(P=0.087), adjuvant chemotherapy (P=0.349), Bismuth 
type (P=0.907), T staging (8th edition, P=0.121), and 
M staging (8th edition, P=0.286). However, several factors 
were different across the 3 groups, including vascular 
invasion (P=0.009), perineural invasion (P<0.001), posi-
tive margin status (P=0.008), pathological differentiation 
of the tumor (P<0.001), N staging (8th edition, P=0.014), 
and TNM stage (8th edition, P=0.001). In the pairwise 
comparisons (Table 2), all of these factors differed signifi-
cantly between the ER group and the NR group. Yet, only 
a few factors (vascular invasion, P=0.009; perineural inva-
sion, P=0.004) of the LR group were significantly different 
from those of the NR group. Compared to the LR group, 
the ER group had a higher proportion of perineural inva-
sion (P=0.004) and lower differentiation (P=0.004).

Factors Associated with Early Recurrence
Of the 258 patients who developed recurrence after cura-
tive resection of pCCA, ER was observed in 136 patients. 
By univariate logistic regression analysis (Table S1), 7 
variables were identified as potential risk factors contribut-
ing to ER (P<0.10): perineural invasion, positive margin 
status, pathological differentiation, vascular invasion, 
N stage, and high levels of preoperative CA19-9 and 
CEA. Multivariate logistic regression was carried out to 
identify the independent risk factors of ER. It indicated 
that high levels of preoperative CA19-9 (OR=2.205, 95% 
CI 1.208–4.026, P=0.010), perineural invasion 
(OR=4.797, 95% CI 1.586–14.510, P=0.005), and patho-
logical differentiation (total P=0.006; moderate vs well, 
OR=2.162, 95% CI 0.753–6.208, P=0.152; poor vs well, 
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Table 1 Comparison of Clinicopathological Characteristics of Patients in the ER, LR, and NR Groups

Variable ER (n=136, %) LR (n=122, %) NR (n=77, %) P value

Gender 0.177

Male/Female 77(56.6%)/59(43.4%) 71(58.2%)/51(41.8%) 35(45.5%)/42(54.5%)

Age (median, IQR, years) 61 (52–65) 61 (52–65) 59 (51–65) 0.640

Maximum diameter (median, IQR, cm) 2.5 (1.9–3.2) 2.6 (1.9–3.0) 2.2 (1.6–3.0) 0.281

Intraoperative blood loss (median, IQR, mL) 500.0 (300.0–800.0) 400.0 (300.0–700.0) 400.0 (300.0–600.0) 0.646

TBIL (median, IQR, µmol/L) 149.6 (64.6–248.5) 173.8 (49.5–245.9) 100.6 (40.1–203.6) 0.052

DBIL (median, IQR, µmol/L) 130.9 (55.5–208.3) 148.1 (40.1–214.0) 89.4 (32.5–178.8) 0.058

IBIL (median, IQR, µmol/L) 17.2 (9.0–33.7) 18.6 (8.7–34.6) 12.8 (7.3–21.6) 0.034
ALT (median, IQR, IU/L) 98.0 (52.5–164.5) 108.0 (57.0–184.0) 83.0 (52.0–152.0) 0.302

AST (median, IQR, IU/L) 82.0 (55.0–143.5) 79.5 (49.0–144.0) 68.0 (49.0–139.0) 0.695

ALP (median, IQR, IU/L) 305.0 (199.5–481.5) 348.0 (245.0–523.0) 297.0 (183.0–562.0) 0.481

GGT (median, IQR, IU/L) 325.0 (129.5–679.5) 352.5 (153.0–769.0) 334.0 (161.0–748.0) 0.808

CA19-9 (median, IQR, U/mL) 288.6 (88.5–1000.0) 219.5 (89.2–590.2) 117.1 (37.5–332.2) <0.001
CEA (median, IQR, ng/mL) 3.7 (1.9–6.1) 3.0 (2.0–5.9) 2.6 (1.9–3.9) 0.031

Cholelithiasis 0.881

With/Without 32(23.5%)/104(76.5%) 28(30.0%)/94(70.0%) 20(26.0%)/57(74.0%)

Preoperative biliary drainage 0.300

With/Without 31(22.8%)/105(77.2%) 20(16.4%)/102(83.6%) 12(15.6%)/65(84.4%)

Caudate lobe resection 0.343

With/Without 112(82.4%)/24(17.6%) 95(77.9%)/27(22.1%) 57(74.0%)/20(26.0%)

Operation type 0.921

Left hepatectomy 57(41.9%) 40(32.8%) 28(36.4%)

Right hepatectomy 24(17.6%) 26(21.3%) 14(18.2%)

Left trisectionectomy 7(5.1%) 4(3.3%) 3(3.9%)

Right trisectionectomy 5(3.7%) 4(3.3%) 4(5.2%)

Mesohepatectomy 10(7.4%) 12(9.8%) 5(6.5%)

Out-hepatic bile duct resection 33(24.3%) 35(28.7%) 22(28.6%)

Liver transplantation 0(0.0%) 1(1.0%) 1(1.3%)

Vascular invasion 0.009
With/Without 65(47.8%)/71(52.2%) 56(45.9%)/66(54.1%) 21(27.3%)/56(72.7%)

Postoperative complication 0.364

With/Without 25(18.4%)/111(81.6%) 23(18.9%)/99(81.1%) 9(11.7%)/68(88.3%)

Perineural invasion <0.001
With/Without 132(97.1%)/4(2.9%) 107(87.7%)/15(12.3%) 55(71.4%)/22(28.6%)

Positive margin status 0.008
With/Without 26(19.1%)/110(80.9%) 17(13.9%)/105(86.1%) 3(3.9%)/74(96.1%)

Number of harvested LNs (median, IQR) 2 (0–5) 3 (0–6) 3 (1–7) 0.087

Adjuvant therapy 0.349

With/Without 7(5.1%)/129(94.9%) 10(8.2%)/112(91.8%) 8(10.4%)/69(89.6%)

Bismuth type 0.907

Type I/II 63(46.3%) 57(46.7%) 38(49.4%)

Type III/IV 73(53.7%) 65(53.3%) 39(50.6%)

Pathological differentiation <0.001
Well 5(3.7%) 13(10.7%) 16(20.8%)

Moderate 93(68.4%) 92(75.4%) 51(66.2%)

Poor 38(27.9%) 17(13.9%) 10(13.0%)

(Continued)
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OR=4.839, 95% CI 1.544–15.170, P=0.007) were inde-
pendent determinants of ER in patients with pCCA after 
curative resection (Table 3).

Predictors of OS in the Patients with 
Early and Late Recurrence
We investigated potential predictors of OS in patients with 
ER (Table S2). The univariate analysis demonstrated that 
patients with positive margin status, high levels of ALP, 
presence of cholelithiasis, and vascular invasion had poorer 
OS outcomes, whereas patients that received adjuvant che-
motherapy had significantly better OS outcomes. In the mul-
tivariate analysis, adjuvant chemotherapy (HR=0.383, 95% 
CI 0.154–0.953, P=0.039) remained as the independent fac-
tor of OS in patients with ER (Table S3).

Additionally, we explored potential predictors of OS in 
patients with LR. The following potential predictors were 
identified by univariate analysis: age ≥ 60 years, fluke 
infection, poor pathological differentiation, and high levels 

of preoperative ALT and AST (Table S4). In the multi-
variate analysis, age ≥60 years (HR=0.646, 95% CI 
0.424–0.983, P=0.042) and poor pathological differentia-
tion (total P=0.035; moderate vs well, HR=0.749, 95% CI 
0.381–1.471, P=0.401; poor vs well, HR=1.695, 95% CI 
0.747–3.844, P=0.207) were identified as independent fac-
tors of OS in patients with LR (Table S5).

Prognostic Outcomes
The survival curves of the ER, LR, and NR groups are 
depicted in Figure 1A (P<0.001). The median OS of the 
ER and LR groups were 15 months and 36 months, 
respectively. Patients in the ER group did not survive 5 
years, and had 1- and 3-YSRs of 63.8% and 8.4%, respec-
tively. Patients in the LR group had 1-, 3-, and 5-YSRs of 
100.0%, 49.9%, and 11.5%, respectively. In the whole 
cohort, there were OS differences based on the indepen-
dent risk factors of ER. Patients with well-differentiated 
tumors had 1-, 3-, and 5-YSRs of 97.1%, 68.4%, and 

Table 1 (Continued). 

Variable ER (n=136, %) LR (n=122, %) NR (n=77, %) P value

T staging (8th edition) 0.121

T1 2(1.5%) 5(4.1%) 6(7.8%)

T2a 29(21.3%) 29(23.8%) 22(28.6%)

T2b 40(29.4%) 32(26.2%) 26(33.8%)

T3 38(27.9%) 27(22.1%) 11(14.3%)

T4 27(19.9%) 29(23.8%) 12(15.6%)

N staging (8th edition) 0.014
N0 85(66.9%) 83(70.3%) 66(88.0%)

N1 36(28.3%) 29(24.6%) 8(10.7%)

N2 6(4.7%) 6(5.1%) 1(1.3%)

M staging (8th edition) 0.286

M0 127(93.4%) 118(96.7%) 75(97.4%)

M1 9(6.6%) 4(3.3%) 2(2.6%)

Tumor stage (8th edition) 0.001
I 0(0.0%) 5(4.1%) 7(9.1%)

II 40(29.4%) 41(33.6%) 39(50.6%)

IIIA 30(22.1%) 16(13.1%) 10(13.0%)

IIIB 15(11.0%) 21(17.2%) 10(13.0%)

IIIC 36(26.5%) 29(23.8%) 8(10.4%)

IVA 6(4.4%) 6(4.9%) 1(1.3%)

IVB 9(6.6%) 4(3.3%) 2(2.6%)

Notes: Variables including age, maximum diameter, intraoperative blood loss, TBIL, DBIL, IBIL, ALT, AST, ALP, GGT, CEA, CA19-9, and the number of harvested LNs were 
calculated by Kruskal–Wallis H-test; the remaining variables were computed using the chi-squared (χ2) test or Fisher’s exact test. Bold indicates significant values. M1 
represents lymph node metastasis beyond region in the 8th edition. 
Abbreviations: ER, early recurrence; LR, late recurrence; NR, no recurrence; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; ALT, alanine amino-
transferase; AST, aspartate amino transferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; CEA, carcinoembryonic antigen; CA19-9, carbohydrate 
antigen 19–9; LN, lymph node.
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47.2%, respectively. However, the 1-, 3-, and 5-YSRs of 
patients with moderately differentiated tumors decreased 
significantly to 85.5%, 44.7%, and 20.3%, respectively. 
Furthermore, patients with poorly differentiated tumors 
had 1-, 3-, and 5-YSRs of 77.3%, 21.4%, and 7.1%, 

respectively (P<0.001, Figure 1B). Patients with peri-
neural invasion tumors had 1-, 3-, and 5-YSRs of 83.8%, 
38.1%, and 16.9%, respectively, while patients without 
perineural invasion tumors had 1-, 3-, and 5-YSRs of 
95.1%, 75.9%, 49.0%, respectively (P<0.001, Figure 
1C). Patients with high levels of preoperative CA19-9 
had 1-, 3-, and 5-YSRs of 82.4%, 32.2%, and 13.3%, 
respectively, while patients with low levels of preoperative 
CA19-9 had 1-, 3-, and 5-YSRs of 85.9%, 46.1%, and 
23.2%, respectively (P=0.002, Figure 1D).

In the ER group, the median OS of patients was 11 and 
16 months for those with positive resection margins and 
those with negative resection margins, respectively 
(P=0.022, Figure 2A). Patients with low levels of preo-
perative ALP had a median OS of 16 months, while the 
high-level subgroup had a median OS of 13 months 
(P=0.028, Figure 2B). In the positive vascular invasion 
subgroup, the median OS was 13 months; however, those 
without vascular invasion had a median OS of 16 months 
(P=0.046, Figure 2C). Adjuvant chemotherapy had 
a significantly protective effect on OS: the median OS 
was 33 months in the adjuvant chemotherapy subgroup 
and 15 months in the non–adjuvant chemotherapy sub-
group (P=0.011, Figure 2D).

In the LR group, the median OS of patients with low 
levels of preoperative ALT was 41 months, while it was 34 
months for those with high levels of preoperative ALT 
(P=0.016, Figure 3A). Patients with low levels of preo-
perative AST had a median OS of 40 months, while the 
high-level subgroup had a median OS of 34 months 
(P=0.030, Figure 3B). In patients with fluke infection, 
the median OS was 24 months, while those without fluke 
infection had a median OS of 38 months (P=0.013, Figure 
3C). For tumor differentiation, the OS was 39, 42, 32 for 
the well-differentiated, moderately differentiated, and 
poorly differentiated subgroups, respectively, indicating 
a significant OS difference based on tumor differentiation 
(P=0.007, Figure 3D). In the paired comparison, patients 
with poorly differentiated tumors had worse outcomes 
than those with moderately differentiated tumors 
(P=0.002, Bonferroni corrected <0.05/6, Figure 3D).

Discussion
Perihilar cholangiocarcinoma (pCCA) currently remains 
a challenge for hepatobiliary surgeons and oncologists.7 

Specifically, there is an ongoing debate regarding the 
optimal treatment strategy for pCCA after curative 
resection.28 At present, there is little evidence supporting 

Table 2 Pairwise Comparison of Clinicopathological Factors of 
Patients in the ER, LR, and NR Groups

Variable P value

Vascular resection

ER vs NR 0.003
ER vs LR 0.761
LR vs NR 0.009

Perineural invasion
ER vs NR <0.001
ER vs LR 0.004
LR vs NR 0.004

Positive margin status
ER vs NR 0.002
ER vs LR 0.265

LR vs NR 0.022

Pathological differentiation

ER vs NR <0.001
ER vs LR 0.004
LR vs NR 0.142

N staging (8th edition)

ER vs NR 0.005
ER vs LR 0.584
LR vs NR 0.039

Tumor stage (8th edition)
ER vs NR <0.001
ER vs LR 0.057

LR vs NR 0.056

IBIL

ER vs NR 0.020
ER vs LR 0.875

LR vs NR 0.019

CA19-9

ER vs NR <0.001
ER vs LR 0.163
LR vs NR 0.004

CEA
ER vs NR 0.010
ER vs LR 0.521

LR vs NR 0.047

Notes: Variables including IBIL, CA19-9, and CEA were calculated using the Mann– 
Whitney U-test. The remaining variables were computed from partitions of the χ2 

method. Bold indicates significant values (P value <α′=0.0125). 
Abbreviations: LR, late recurrence group; NR, no recurrence group; ER, early 
recurrence group.
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the usefulness of adjuvant chemotherapy in patients with 
pCCA following resection.29–31 According to the expert 
consensus statement, post-resection chemoradiation should 
be offered to patients who exhibit high-risk features on 
surgical pathology.32 One meta-analysis found that adju-
vant chemotherapy did not significantly improve OS com-
pared with surgery alone.30 However, adjuvant 
chemotherapy may improve outcomes in node-positive 
pCCA patients.22,33 Kim et al28 demonstrated that chemor-
adiotherapy appears to be an appropriate treatment after 
complete resection for iCCA and pCCA. Also, 
a propensity-matched study found that adjuvant therapy 
was associated with improved survival in resected pCCA 
with positive resection margins.31 Patients with R1 resec-
tion and node-positive disease receiving adjuvant che-
motherapy after surgery for biliary tract cancers were 
confirmed to have an OS advantage.34 Thus, the selection 
of patients before chemotherapy is key to ensuring the 
efficacy of treatment. We found that patients with a high- 
risk of ER may be suitable candidates for chemotherapy.

In this analysis, perineural invasion, pathological dif-
ferentiation, and high levels of preoperative CA19-9 were 
identified as independent risk factors for ER of tumors 
after resection. Our results are consistent with previous 
studies.26,35 In a study analyzing extrahepatic bile duct 
cancer, age > 75 years, perineural invasion, and high levels 
of preoperative serum CA19-9 were confirmed to be 

independent predictors of ER,36 which was similar to our 
results. Another study showed that preoperative serum 
CA19-9 level >150 U/mL was associated with ER and 
lymph node metastasis.37 High levels of CA19-9 may be 
associated with preoperative micrometastasis. In other 
tumors, high levels of preoperative serum CA19-9 were 
also demonstrated to be an independent predictor of 
ER.38–41

In a randomized Phase III study, gemcitabine and 
oxaliplatin chemotherapy did not provide evidence of 
superiority compared to surveillance in resected biliary 
tract cancer.42 However, in the present study, gemcitabine- 
based adjuvant therapy was demonstrated to be an inde-
pendent protective factor of OS in patients with ER. In 
pancreatic ductal adenocarcinoma, adjuvant chemother-
apy was also found to be associated with a reduced risk 
of ER.43 We recommend that patients with high-risk fac-
tors of ER should undergo adjuvant chemotherapy to 
improve long-term outcomes. Consequently, patients 
with perineural invasion, poorly differentiated tumors, 
and high levels of preoperative CA19-9 may be candi-
dates for adjuvant chemotherapy. According to the 
American Society of Clinical Oncology (ASCO) Clinical 
Practice Guidelines, hilar cholangiocarcinoma with R1 
resections should receive adjuvant chemoradiation 
therapy.44 This new suggestion increased the range of 
subject selection. In our cohort, capecitabine was not 

Table 3 Multivariate Logistic Analysis of Predictors of Early Recurrence for Patients with Perihilar Cholangiocarcinoma

Variable Name β SE Wald OR OR (95% CI) P value

Lower Upper

CA19-9 0.791 0.307 6.630 2.205 1.208 4.026 0.010
CEA 0.246 0.255 0.927 1.279 0.775 2.108 0.336
Vascular invasion 0.172 0.244 0.495 1.187 0.736 1.916 0.482

Resection margin status 0.440 0.341 1.663 1.553 0.796 3.030 0.197

Perineural invasion 1.568 0.565 7.708 4.797 1.586 14.510 0.005

Pathological differentiation 10.263 0.006
Well Ref. – – – – – –
Moderate 0.771 0.538 2.054 2.162 0.753 6.208 0.152

Poor 1.577 0.583 7.316 4.839 1.544 15.170 0.007

N stage (8th edition) 3.491 0.322

N0 Ref. – – – – – –

N1 0.443 0.289 2.350 1.557 0.884 2.742 0.125
N2 −0.074 0.602 0.015 0.929 0.286 3.019 0.902

Constant variable −3.256 0.696 21.885 0.039 <0.001

Notes: Significant variables with P values <0.10 in the univariate analysis were included in the multivariate regression analyses. Bold indicates significant values. 
Abbreviations: CA19-9, carbohydrate antigen 19–9; CEA, carcinoembryonic antigen.
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used to treat pCCA. However, adjuvant capecitabine was 
shown to improve OS compared with observation follow-
ing biliary tract cancer surgery.23 The ability of capecita-
bine to significantly improve the survival of patients with 
risk factors of ER is noteworthy and warrants further 
study.

In the survival analysis of the LR subgroup, age and 
tumor differentiation were identified as independent fac-
tors associated with OS. To the best of our knowledge, this 
was the first study to explore the prognostic risk factors of 
patients with resected pCCA who developed LR. We found 
that ER and LR were associated with different prognoses 
and risk factors after curative resection of pCCA. 
Similarly, a previous study also demonstrated that ER 
and LR were also associated with different prognoses 
and risk factors after curative resection of iCCA.16 In 

contrast to ER, age ≥60 years and poor pathological dif-
ferentiation were independent factors of OS in patients 
with LR. We suggest that more attention should be given 
to patients under 60 years of age and those with poorly 
differentiated tumors, even if they are not experienced 
recurrence within the first year after surgery.

Although CCA is characterized by a high frequency of 
genetic and molecular aberrations and extreme heteroge-
neity, advances in genomic sequencing offer hope for 
novel treatment strategies. Implementation of precision 
medicine, innovative therapeutic approaches, and persona-
lized therapy may improve clinical outcomes in this highly 
aggressive disease. In recent years, immunotherapy has 
shown encouraging results in some tumors and has 
become increasingly popular.3 In our opinion, the creation 
of a suitable immunocompetent scheme for CCA could 

Figure 1 Kaplan–Meier overall survival curves of patients who underwent surgery for perihilar cholangiocarcinoma. (A) Stratified by ER, LR, and NR groups. (B) Stratified 
by pathological differentiation. (C) Stratified by the perineural invasion. (D) Stratified by the levels of preoperative CA19-9.
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play a prominent role in the next 5 years. Immunotherapy 
combined with chemotherapy (camrelizumab plus 
GEMOX [a gemcitabine and oxaliplatin regimen]) has 
been investigated and shown promising antitumor efficacy 
in biliary tract cancer.45 Research focused on reported 
results for specific biliary tract subsites and high-risk 
patient subgroups is another avenue for future 
investigation.

Our study has several limitations that should be noted. 
First, the population that received adjuvant gemcitabine- 
based chemotherapy was small, and so the result should 
be interpreted with caution. However, most of the current 
research also involves a limited number of pCCA patients 
that received postoperative chemotherapy. In the next 
phase of research, specifically designed randomized con-
trolled trials are needed to verify the effectiveness of the 
scheme. Second, although the current cohort involved 

patients who suffered exclusively from pCCA, the sever-
ity of illness could have differed between patients, which 
might have introduced bias. Third, this study was con-
ducted in a single institute, and thus further multi- 
institutional and multinational studies with longer follow- 
up periods are required for more solid conclusions. 
Moreover, our study was limited by its retrospective 
nature, and selection bias might have been present in 
the diagnosis and treatment. Lastly, multigene mutational 
profiling of pCCA was not explored in this study, but 
gene mutation has been reported to be associated with 
ER.46 We intend to explore this issue in upcoming 
studies.

Conclusion
In summary, ER and LR are associated with distinct 
prognoses after radical resection for pCCA. We 

Figure 2 Kaplan–Meier overall survival curves of patients with early recurrence. (A) Stratified by resection margin. (B) Stratified by preoperative ALP. (C) Stratified by 
vascular invasion. (D) Stratified by adjuvant chemotherapy.
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recommend that patients with poorly differentiated 
tumors, presence of perineural invasion, and high 
levels of preoperative CA19-9 receive closer follow- 
up and adjuvant chemotherapy after surgery for pCCA. 
This study may provide a reference for future screen-
ings of patients suitable for postoperative chemother-
apy and close follow-up. Randomized controlled trials 
can also be designed according to the results of this 
study.
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