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!Department of Hepatobiliary Surgery, Shandong Provincial Hospital, Shandong University, Jinan,
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Backgroud: At present, there is no definitive conclusion about the relative
prognostic factors on intrahepatic cholangiocarcinoma perihilar large duct
type (iICCAPMY) and iCCA peripheral small duct type (iCCAPPS).

Aim of the study: To compare the prognoses of two different types of iCCA,
and identify the independent risk factors affecting the long-term survival of
patients undergoing radical resection for iCCA.

Methods: This study included 89 patients with iCCA who underwent radical
resection at the Department of Hepatobiliary Surgery of the East Yard of the
Shandong Provincial Hospital between January 2013 and March 2022.
According to the tumor origin, these patients were divided into the iCCAP™
group (n = 37) and iCCAPP® group (n = 52). The prognoses of the two groups
were compared using Kaplan—Meier analysis, whereas the independent risk
factors of their prognoses were identified using Cox univariate and multivariate
regression analyses.

Results: In the iCCAPP® group, the independent risk factors for overall survival
included diabetes history (p = 0.006), lymph node metastasis (p = 0.040), and
preoperative carbohydrate antigen 19-9 (p = 0.035). In the iCCAP™ group, the
independent risk factors for overall survival included multiple tumors (p = 0.010),
tumor differentiation grade (p = 0.008), and preoperative jaundice (p = 0.009).

Conclusions: Among the iCCA patients who underwent radical resection, the
long-term prognosis of iICCAPP® maybe better than that of iICCAP™. The
prognoses of these two types of iCCA were affected by different
independent risk factors.
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Introduction

Malignancies of the biliary tract can be categorized as intrahepatic
cholangiocarcinoma (iCCA), hilar cholangiocarcinoma, carcinoma of
common bile duct, or gallbladder carcinoma according to the
location of the tumor. Hilar cholangiocarcinoma originates from
where the bilateral hepatic ducts join the cystic duct and common
hepatic duct, whereas iCCA originates from the second-order bile
ducts and above (1). The iCCA is the second most common hepatic
malignancy after hepatocellular carcinoma and has shown an
escalating incidence in recent years (2, 3). Although the
pathophysiology, genetic and epigenetic aberrations have not been
fully discovered, it is currently believed that its pathogenesis may be
associated with primary sclerosing cholangitis, parasitic infection,
cholelithiasis, alcoholic liver disease, non-specific cirrhosis, diabetes,
or asbestos exposure (4-6). Due to its delayed presentation of
symptoms, difficulty in diagnosis, relatively delayed treatment
initiation, easy recurrence, and lack of effective treatment
methods other than surgery, the prognosis of iCCA is poorer
than that of hepatocellular carcinoma (7-9). Some studies have
suggested that factors associated with the long-term prognosis of
patients with iCCA include preoperative lymph node metastasis,
carbohydrate antigen 19-9 positivity, vascular invasion, and number
of tumors (10-12).

According to the origin of the tumor, iCCA can be
categorized as the perihilar large duct type (iCCAP™) or the
peripheral small duct type (iCCAPP®). ICCAPM refers to tumors
originating from the large second-order bile ducts and above
involving the peribiliary glands (Figure 1). They are composed of
a large tubular or papillary proliferation of tall columnar
epithelium with extracellular mucin production, often admixed
with poorly differentiated carcinoma cells (13-16). On the other

FIGURE 1
Tumor location of ICCAP™ and iCCAPPS.
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hand, iCCAPP* refers to tumors originating from the small bile
ducts, such as Herling’s duct, which are usually smaller than the
segmental branches (Figure 1). They are composed of a small
tubular proliferation of small cuboidal epithelium with ductular
pattern or closely packed cord-like structures, but lacking large
glands with tall columnar cells (13-16). Previous studies have
revealed several differences between these two subtypes in their
histological characteristics, expression of interleukin 33, gene
regulatory networks, and immune infiltration (17-20). However,
the current research on the postoperative overall survival and
disease-free survival or the associated risk factors of iCCAPP* and
iCCAPM is limited. Therefore, this study aimed to compare the
long-term prognosis of the two subtypes of iCCA and investigate
their corresponding risk factors to provide references for the
clinical diagnosis and treatment of iCCA.

Materials and methods
Data collection

This study included patients with iCCA who underwent
surgical resection at the Department of Hepatobiliary Surgery of
the East Yard of the Shandong Provincial Hospital between
January 2013 and March 2022. The inclusion criteria were as
follows: (1) history of radical resection for iCCA; (2) iCCA
diagnosis on postoperative pathological analysis; and (3)
availability of computed tomography (CT) or magnetic
resonance imaging (MRI) data of the liver. The exclusion
criteria were as follows: (1) only surgical or needle biopsy
performed; (2) incomplete CT or MRI data; and (3) no follow-
up information collected after discharge. In total, 89 patients
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were included, who were subsequently divided into the iCCAP h
group (n = 37) and the iCCAPP® group (n = 52).

The demographic information of the patients was first
collected during hospitalization. This included age, sex, length
of hospitalization, drinking history, history of underlying diseases
(hypertension, hyperglycemia, coronary heart disease, or history
of abdominal surgery), preoperative jaundice, vascular invasion,
number of tumors, surgical margin, maximum tumor diameter
(>5 cm), tumor differentiation grade, lymph node metastasis,
iCCA classification, preoperative carcinoembryonic antigen
level, preoperative carbohydrate antigen 19-9 level, preoperative
alpha-fetoprotein level, liver cirrhosis, intrahepatic bile duct
stones, hepatitis B infection, use of blood transfusion products
during surgery, surgical classification (whether >2 liver segments
were removed), anesthesia classification, perioperative blood
transfusion products, and postoperative chemotherapy.
Furthermore, the overall survival and disease-free survival were
recorded by following up on the telephone. The follow-up period
ended either on May 1, 2022 or when the patient died or was lost
to follow-up. This study was approved by the Ethics Committee of
the Shandong Provincial Hospital, and informed consent was
waived for all participants.

Outcome definition

Overall survival was defined as the time from surgery to death
or when follow-up ended. Disease-free survival was defined as the
time from surgery to the first discovery of recurrence or when
follow-up ended. Patients were allocated to the iCCAP™ group if
their imaging findings revealed that the tumor was located in the
large intrahepatic second-order bile ducts and above or was
accompanied by the dilation of the distal bile ducts, and/or their
histopathology revealed that the tumor was composed of a tubular
or papillary component with tall columnar epithelium. Patients
with tumors originating from branches other than the
aforementioned branches were allocated to the iCCAPP* group,
and/or their histopathology revealed that the tumor was
composed of small tubules with cuboidal epithelium.

Statistical analysis

Statistical Product and Service Solutions, version 26 (IBM
Corp, Armonk, New York), software was adopted for all statistical
analyses. Pairwise comparison was performed between the two
groups of iCCA patients. Variables conforming to normal
distribution, variables not conforming to normal distribution,
and categorical variables were analyzed using the student’s t-
test, Mann-Whitney U test, and Fisher’s exact test, respectively; P-
values <0.05 were considered statistically significant. The median
overall survival, 1-year and 3-year survival rates, median disease-
free survival, and 1-year and 3-year recurrence-free rates were
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calculated using the Kaplan—Meier analysis, followed by plotting a
survival curve. Moreover, Cox univariate regression analysis was
performed for the iCCAP™ and iCCAPP* groups. Indicators with
statistically significant differences identified in the univariate
analysis (P < 0.05) were subsequently included in the Cox
multivariate regression model to investigate the independent
risk factors affecting the postoperative overall survival and
disease-free survival of the patients of the two groups.

Results
Pairwise comparison of the two groups

The iCCAP™ group included 37 patients (average age, 60.35 +
9.85 years), comprising 18 (48.6%) male patients. The iCCAPP*®
group included 52 patients (average age, 59.33 + 9.8 years),
comprising 27 (51.9%) male patients. The analysis of the
demographic data revealed no significant differences in the age
(60.35 % 9.85 vs. 59.33 + 9.80), man (18 [48.6%] vs. 27 [51.9%)),
drinking history (10 [27.0%] vs. 18 [34.6%]), and history of
diabetes (4 [10.8%] vs. 9 [17.3%]), hypertension (4 [10.8%] vs. 9
[17.3%]), coronary heart disease (4 [10.8%] vs. 3 [5.8%]), or
abdominal surgery (8 [21.6%] vs. 6 [11.5%]) between the
two groups.

The average length of hospitalization differed significantly
between the iCCAP™ and iCCAPP® groups (13.00 [9.50-19.00] vs.
11.00 [9.00-13.75]). Moreover, the iCCAP™ and iCCAPP*® groups
showed significant differences in the proportion of cases with
preoperative jaundice (5 [13.5%] vs. 0 [0.0%]), hepatic vascular
invasion (10 [27.0%] vs. 4 [7.7%]), lymph node metastasis (16
[43.2%] vs. 5 [9.6%]), preoperative carcinoembryonic antigen >10
ng/mL (19 [51.4%] vs. 7 [13.5%]), preoperative carbohydrate
antigen 19-9 >39 U/mL (29 [78.4%] vs. 26 [50.0%]), hepatitis B
infection (8 [8.1%] vs. 14 [26.9%]), and resection of >2 liver
segments (32 [86.5%] vs. 17 [32.7%]). However, the remaining
indicators did not show significant pairwise differences
(Table 1; Figure 2).

Kaplan-Meier analysis revealed that the median overall
survival in the iCCAPM group was 12.0 (95% confidence
interval [CI]: 3.09-20.91) months, and the 1-year and 3-year
overall survival rates were 49.3% and 33.2%, respectively. In
contrast, the median overall survival in the iCCAPP® group was
25.0 (95% CI: 11.45-38.55) months, with 1-year and 3-year
overall survival rates of 73.5%, and 41.2%, respectively.
Additionally, the pairwise differences between the two groups
were statistically significant (P = 0.019) (Figure 3). It showed that
the hazard ratio (HR) of the two tumor subtypes was 1.780, 95%
CI: 0.770-4.113 and P=0.177 after adjustment with multivariate
cox regression analysis of the variables with statistical differences
in univariate analysis and the two tumor subtypes. The median
disease-free survival in the iCCAP™ group was 6.0 (95% CI: 0.00-
14.12) months, and the 1-year and 3-year recurrence-free rates

frontiersin.org


https://doi.org/10.3389/fonc.2022.992606
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yu et al.

10.3389/fonc.2022.992606

TABLE 1 Pairwise comparison of the two types of intrahepatic cholangiocarcinoma.

Variable iCCAP™ (n = 37) iCCAP™ (n = 52) P-value
Length of hospitalization (days) 13.00 (9.50,19.00) 11.00 (9.00,13.75) 0.029
Preoperative jaundice 5 (13.5%) 0 (0.0%) 0.011
Vascular invasion 10 (27.0%) 4 (7.7%) 0.018
Lymph node metastasis 16 (43.2%) 5 (9.6%) <0.001
Carcinoembryonic antigen >10 ng/mL 19 (51.4%) 7 (13.5%) <0.001
Carbohydrate antigen 19-9 >39 U/mL 29 (78.4%) 26 (50.0%) 0.008
Hepatitis B infection 8 (8.1%) 14 (26.9%) 0.030
Resection of >2 liver segments 32 (86.5%) 17 (32.7%) <0.001

(iCCAP", perihilar large duct type of intrahepatic cholangiocarcinoma; iCCAPP*, peripheral small duct type of intrahepatic cholangiocarcinoma).
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FIGURE 2

Pairwise comparison of the two types of intrahepatic cholangiocarcinoma (P < 0.05). The bars in the graph indicate the number of cases in
each group for each risk factor. iCCAPM, perihilar large duct type of intrahepatic cholangiocarcinoma; iCCAPP®, peripheral small duct type of

intrahepatic cholangiocarcinoma.

were 44.1% and 27.6%, respectively. The median disease-free
survival in the iCCAPP® group was 17.0 (95% CI: 7.65-26.35)
months, with 1-year and 3-year recurrence-free rates of 54.5%
and 27.2%, respectively. However, pairwise differences between
the two groups were not significant (P = 0.191) (Figure 4).

Risk factor analysis of the prognosis of
radical resection for iCCAPP®

Cox univariate regression analysis of the overall survival in the
iCCAPP® group revealed that length of hospitalization, age,
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diabetes history, vascular invasion, multiple tumors, lymph node
metastasis, preoperative carbohydrate antigen 19-9 >39 U/mlL,
intrahepatic bile duct stones, surgical resection of >2 liver
segments, postoperative complication grade, and hepatitis B
infection were the risk factors. Subsequent multivariate
regression analysis showed that diabetes history (HR: 11.768,
95% CI: 2.003-69.136), lymph node metastasis (HR: 6.180, 95%
CI: 1.090-35.038), and preoperative carbohydrate antigen 19-9
>39 U/mL (HR: 3.140, 95% CI: 1.081-9.121) were independent
risk factors. Additionally, length of hospitalization (HR: 1.287,
95% CI: 1.060-1.562) exhibited a statistically significant
effect (Table 2).
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FIGURE 4
Pairwise comparison of the disease-free survival between the two types of intrahepatic cholangiocarcinoma. iCCAPN, perihilar large duct type of
intrahepatic cholangiocarcinoma; iCCAPP®, peripheral small duct type of intrahepatic cholangiocarcinoma; Cl, confidence interval.

Cox univariate regression analysis of the disease-free 3.031, 95% CI: 1.322-6.946) were risk factors. Subsequent
survival in the iCCAPP® group showed that lymph node Cox multivariate analysis suggested that both these were
metastasis (HR: 11.496, 95% CI: 2.962-44.623) and independent risk factors for the disease-free survival in the
preoperative carbohydrate antigen 19-9 >39 U/mL (HR: iCCAPP® group (lymph node metastasis, HR: 7.765, 95% CI:
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TABLE 2 Risk factor analysis of the prognosis of radical resection for the two types of intrahepatic cholangiocarcinoma.

Variables

HR (95%CI)

Peripheral small duct type of intrahepatic cholangiocarcinoma

1.196 (1.025-1.394)
1.054 (1.005-1.106)
3.171 (1.017-9.891)
4.095 (1.121-14.955)
4.078 (1.540-10.801)
6.617 (1.997-21.931)
2.502 (1.042-6.005)
3.767 (1.049-13.534)
0.171 (0.039-0.750)
4.409 (1.737-11.193)
1.892 (1.088-3.291)

Length of hospitalization

Age

Diabetes history

Vascular invasion

Multiple tumors

Lymph node metastasis

Elevated carbohydrate antigen 19-9 levels
Intrahepatic bile duct stones

Hepatitis B infection

Resection of >2 liver segments
Complication grade

Perihilar large duct type of intrahepatic cholangiocarcinoma

5.821 (1.555-21.795)
2.988 (1.262-7.072)
2.642 (1.078-6.474)
4.907 (1.559-15.441)

Multiple tumors
Tumor differentiation grade
Lymph node metastasis

Preoperative jaundice

1.961-30.750; preoperative carbohydrate antigen 19-9 >39 U/
mL, HR: 2.555, 95% CI: 1.074-6.082).

Risk factor analysis of the prognosis of
radical resection for iCCAP™

Cox univariate regression analysis showed that the risk
factors affecting the overall survival in the iCCAP"' group were
multiple tumors, tumor differentiation grade, lymph node
metastasis, and preoperative jaundice. Subsequent multivariate
analysis showed that multiple tumors (HR: 6.246, 95% CI:
1.552-25.140), tumor differentiation grade (HR: 3.522, 95% CI:
1.384-8.963), and preoperative jaundice (HR: 4.883, 95%
CI: 1.496-15.944) were independent risk factors for the overall
survival of patients with iCCAPM (Table 2).

Furthermore, Cox univariate regression analysis showed that
preoperative jaundice (HR: 4.498, 95% CI: 1.540-13.134) was the

only risk factor of disease-free survival in the iCCAP" group.

Discussion

Recently, the incidence of iCCA has been on the rise. Moreover,
the diagnosis may be delayed due to its hidden onset in most cases,
and the window for surgery may have already been missed due to the
severe disease progression, thereby leading to poor prognosis.
Multiple studies have reported that elevated preoperative
carbohydrate antigen 19-9 and carcinoembryonic antigen levels
and lymph node metastasis are important prognostic indicators in
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Multivariate analysis

Pvalue HR (95%CI) Pvalue
0.023 1.287 (1.060-1.562) 0.011
0.030
0.047 11.768 (2.003-69.136) 0.006
0.033
0.005
0.002 6.180 (1.090-35.038) 0.040
0.040 3.140 (1.081-9.121) 0.035
0.042
0.019
0.002
0.024
0.009 6.246 (1.552-25.140) 0.010
0.013 3.522 (1.384-8.963) 0.008
0.034
0.007 4.883 (1.496-15.944) 0.009

iCCA patients (21-25). Recent studies have shown that iCCA can be
categorized as iCCAP" and iCCAPP*, and these two subtypes differ
significantly in their pathological morphology and survival prognosis
(14, 15, 26). Our study showed that the length of hospitalization was
longer and the incidence of preoperative jaundice, vascular invasion,
lymph node metastasis, and elevated preoperative carcinoembryonic
antigen and carbohydrate antigen 19-9 levels were more common in
the iCCAP" patients than in the iCCAPP* patients. In univariable
analysis, the median postoperative overall survival was shorter in the
iCCAP™ group than in the iCCAPP* group. However, after adjustment
with multivariate cox regression analysis, it revealed no significant
differences in postoperative survival time between the two tumor
subtypes. This may be related to the low incidence of the disease and
the low number of patients enrolled. Therefore, further large-sample
prospective studies are needed to identify the differences in prognosis
between iCCAP™ and iCCAPP*. Therefore, it was speculated that
iCCAP" maybe more aggressive than iCCAPP* and results in a poor
overall survival, which corroborated the findings of Shinichi et al.
(26). Thus, in clinical practice, it would be possible to predict the
patient’s prognosis early based on the preoperative imaging findings.
Subsequently, early interventions can be introduced for the treatment
of ICCAP, thereby reducing the risk of postoperative recurrence and
prolonging the overall survival of the patient.

Currently, differentiation of the iCCA types has not been
widely implemented clinically. The Cox multivariate regression
analysis in this study suggested that the length of hospitalization,
diabetes history, lymph node metastasis, and elevated
carbohydrate antigen 19-9 levels were independent risk factors
for the prognosis of iCCAPP®, whereas multiple tumors, tumor
differentiation, and preoperative jaundice were independent risk
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factors for the prognosis of iCCAP". Since these two subtypes have
completely different risk factors, prognosis prediction based solely
on the risk factors for iCCA may not match the actual situation
and could be inaccurate. Therefore, it is necessary to clinically
differentiate between iCCAPP* and iCCAPM. evaluate the
corresponding risk factors, predict the prognosis early, and
introduce appropriate and timely treatment.

This study found that the effect of hepatitis B infection on the
patients” overall survival was statistically significant only in the
univariate analysis, but not in the multivariate analysis. Currently,
the effect of hepatitis B infection on the prognosis of iCCA remains
controversial. A study by Jeong et al. indicated that hepatitis B
infection was a strong predictor of the good prognosis of iCCA (27,
28), whereas Ahn et al. found that it was not an independent
prognostic factor of iCCA (29, 30). Therefore, the influence of
hepatitis B infection on the prognosis of iCCA requires further
verification via prospective studies.

The strength of this study is that both univariate and
multivariate cox regression analyses were performed for the
two types of iCCA to identify the differences in their prognostic
factors. Moreover, unlike the study by Shinichi et al., tumors >5
cm in size were included in this study, thereby increasing the
differentiation by tumor size and consequently reducing the
selection bias caused by deliberately excluding large-sized
tumors. The limitation of this study is that this was a single-
center study, and only patients admitted to the Department of
Hepatobiliary Surgery of the East Yard of the Shandong
Provincial Hospital were included. Furthermore, only those
patients who underwent radical resection were evaluated;
therefore, further investigations are warranted to conclude
whether the findings of this study are applicable to iCCA
patients who do not undergo surgery.

In conclusion, this study showed that iCCAP" maybe more
aggressive than iCCAPP®, and the overall survival maybe differ
between them. In clinical practice, individualized early
interventions should be introduced in patients with iCCA
according to the disease subtype to improve their prognosis.
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