
Abstract. Background: The aim of this study was to evaluate
the clinical significance of preoperative classification of
intrahepatic cholangiocarcinoma (ICC) into perihilar and
peripheral types using dynamic computed tomography (CT).
Patients and Methods: A retrospective cohort study was
performed to analyze the differences in clinical characteristics
between perihilar and peripheral ICC samples from patients
between 1990-2014. Results: A total of 87 patients were
divided into three ICC subtypes; perihilar (n=34), peripheral
(n=44), and unclassifiable ICC (n=9). The positive rates of
pathological lymphatic infiltration (ly) (p=0.02) and
perineural invasion (pn) (p<0.0001) were significantly higher
in perihilar ICC. There was no significant difference in the
disease-free survival rate (p=0.2268); however, the overall
survival rate of perihilar ICC was significantly worse
(p=0.0031). The rate of systemic recurrence (>3 nodules) was
significantly higher in perihilar ICC (p=0.0135). Conclusion:
In perihilar ICC, the local tumor invasions such as ly and pn
were more frequent. Therefore, it is important in such cases to
attempt to achieve a sufficient tumor margin. Systemic
recurrences were more frequent in perihilar ICC, so
perioperative chemotherapy should be conducted as well.

Even though intrahepatic cholangiocarcinoma (ICC) is a
relatively rare disease, it is the second most common primary
liver malignant tumor after hepatocellular carcinoma (HCC),
and has a relatively highly prevalence in Asia and the
U.S.A., with over 1/100,000 population ratio (1). In addition,
the incidence of ICC has rapidly increased by 165% in the
last 30 years in the U.S.A., and surgical resection remains
the only treatment available with curative intent (2).
However, surgical results for ICC remain unsatisfactory with
a five-year survival rate of 58%, even in R0 resected cases
(3). Lymph node metastasis has been reported to be the most
significant poor prognostic factor for ICC, and extended
lymphadenectomy does not have a survival impact (3-5).
While lymphatic invasion is the major mode of cancer
spreading for ICC (6), intrahepatic metastasis caused by
venous spread is another important mode of spreading (4, 5). 

ICCs are composed of heterogenous carcinomas arising
from different anatomical liver sites. ICC arises from the
epithelial cells of the biliary tree, from either intrahepatic
large bile ducts or smaller bile ducts, such as the septal and
interlobular ducts. Ebata et al. clearly defined as perihilar
cholangiocarcinoma, a tumor involving the hilar bile duct
with a liver mass (7). We proposed the classification of ICC
based on the pathological findings in perihilar large duct
type and peripheral small duct type subtypes (8, 9). Perihilar
ICC arises from the peribiliary gland, and peripheral ICC
from the canals of Hering (9); the two subtypes have
different molecular and clinicopathological characteristics
and patient prognoses (8, 9). However, pathological
classification currently contributes only whether or not to
plan adjuvant chemotherapy. Therefore, it is important to
construct a preoperative classification that can be used to
modify surgical plans and so on to improve patients’
prognosis for ICC. 
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In this study, we tried to classify ICC preoperatively into
two subtypes, perihilar and peripheral, using dynamic
computed tomography (CT). The accuracy of this
classification was evaluated by comparison with pathological
findings. The differences in clinical characteristics of the two
subtypes, such as mode of cancer spreading and recurrence
patterns, were analyzed to improve treatment strategy for ICC.

Patients and Methods

Patients. A total of 87 hepatic resections for mass forming
dominant ICC, confirmed by pathological diagnosis and performed
at the Department of Surgery and Sciences, Kyushu University
Hospital, between January 1990 and March 2014. The intraductal
growth type of ICC, without invasion to liver parenchyma, was
excluded from this study. The medical records of patients in this
series were followed until March 2015, with a median follow-up
period of 69 months. 

Preoperative classification using dynamic CT. All patients
underwent dynamic CT preoperatively. Because the retrospective
nature of this investigation dated back to 1990, a variety of CT
scanners and contrast methods were used in the series (10).
According to preoperative dynamic CT findings, we tried to
classify ICC into one of the two subtypes; perihilar or peripheral.
Our criteria of this classification were as follows; 1) Tumor’s
main location. If the main tumor was judged to occur at the
second or third branches of an intrahepatic bile duct, the case was
classified as a perihilar type; in contrast, if the main tumor was
judged to be at peripheral liver, the case was considered
peripheral. 2) Intrahepatic bile duct dilatation. If the case was
accompanied by intrahepatic bile duct dilatation, it was classified
as the perihilar type. 

Surgical techniques and follow-up methods. The details of our
surgical techniques and patient follow-up methods have been
reported previously (3, 4, 6). Major hepatectomy (Hx) with bile
duct resection was performed when bile duct invasion of ICC was
suspected to affect the first hepatic duct. Partial Hx was performed
in case of peripheral ICC without bile duct invasion. If we
considered it would be better to confirm the surgical margins, we
presented the resected stump for frozen pathology (3). The right
and left lobes of the liver have different routes of lymphatic
drainage; therefore, the style of lymph node dissection was
different according to the tumor location on the right or left lobe
(4). Five patients (5.7%) were diagnosed as HCC preoperatively,
and underwent only partial Hx. 

Statistical analysis. Continuous variables were expressed as
means±S.D. and compared using a Student’s t-test. Categorical
variables were compared using either the χ2 test or the Fisher's exact
test, as appropriate. Any death that occurred in the hospital after Hx
was recorded as a mortality. Complications were evaluated with the
Clavien’s classification, and those with a score of Grade II or more
were defined as positive. The OS and DFS curves were generated
by the Kaplan-Meier method and compared by the log-rank test. All
analyses were performed with JMP® Pro 9.0.2 (SAS Institute Inc.,
Cary, NC, USA). p-Values of less than 0.05 were considered to
indicate statistical significance.

Results

Preoperative classification of ICC using dynamic CT. We
could classify 78 ICC patients (90%) as follows; perihilar
ICC in 34 patients (39%) and peripheral ICC in 44 patients
(51%). Nine patients (10%) could not be classified as either
perihilar or peripheral ICC (unclassifiable type), because the
tumor location of the ICC extended from perihilar to
peripheral sites without bile duct dilatation. Typical dynamic
CT findings for perihilar, peripheral, and unclassified types
are shown in Figures 1, 2, and 3, respectively. 

Comparisons of classification by preoperative dynamic CT
and postoperative pathological evaluations are summarized
in Table I. All nine patients in the unclassifiable type were
pathologically perihilar ICC. The accuracy of our
preoperative classification was a relatively high 86%.

Comparison of patient background characteristics. The
results of a comparison of patient background characteristics
between the two subtypes are summarized in Table II. The
positive rate of hepatitis B virus surface antigen (HBs-Ag)
was significantly higher in peripheral ICC (perihilar, 3%;
peripheral, 23%; p=0.0129). There were also significant
differences in total bilirubin (T-bil) (perihilar, 1.8±2.6 mg/dl;
peripheral, 0.7±0.3 mg/dl; p=0.0088) and asparate
aminotransferase (ALT) levels (perihilar, 80.9±128.4 mg/dl;
peripheral, 31.9±25.0 mg/dl; p=0.0155). 

Comparison of short-term surgical outcomes. The results of a
comparison of short-term surgical outcomes are summarized in
Table III. Operation time was significantly prolonged in perihilar
ICC (perihilar, 521±158 min; peripheral, 343±1,139 min;
p<0.0001), and intra-operative blood loss was significantly
larger (perihilar, 2413±358 g; peripheral, 890±305 g; p=0.0018).
Therefore, the intra-operative transfusion rate in perihilar ICC
was significantly higher (perihilar, 47%; peripheral, 23%;
p=0.0086). Major Hx (perihilar, 100%; peripheral, 41%;
p<0.0001), biliary resection and reconstruction (perihilar, 59%;
peripheral, 9%; p<0.0001) and lymph node dissection (perihilar,
76%; peripheral, 41%; p=0.0014) were performed significantly
more in perihilar ICC. However, the positive rate of surgical
margin was significantly higher in perihilar ICC irrespective of
these extended resections (perihilar, 24%; peripheral, 2%;
p=0.0025).

Both mortality (perihilar, 9%; peripheral, 0%; p=0.0234) and
morbidity rate (perihilar, 62%; peripheral, 25%; p=0.0010) were
significantly higher in perihilar ICC, and the mean duration of
hospital stay was significantly prolonged in this group (perihilar,
34±22 days; peripheral, 22±21 days; p=0.0176). 

Comparisons of tumor-related factors. Results from the
comparison of tumor-related factors are summarized in Table
IV. The positive rate of poorly differentiated ICC was
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significantly higher in peripheral ICC (perihilar, 44%;
peripheral, 61%; p=0.0253), Meanwhile, positive rates of
pathological lymphatic infiltration (ly) (perihilar, 50%;
peripheral, 25%; p=0.02) and perineural invasion (pn)
(perihilar, 85%; peripheral, 30%; p<0.0001) were significantly

higher in perihilar ICC. There were no significant differences
in the positive rate of pathological lymph node metastasis
(perihilar, 38%; peripheral, 25%; p=0.2102). The value of
carbohydrate antigen 19-9 (CA19-9) was significantly higher
in perihilar ICC (perihilar, 2,360±1,183 U/ml; peripheral,
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Figure 1. Typical dynamic CT findings of perihilar ICC (portal phases). (A) Arrows indicate the main tumor close to the umbilical portion, (B)
arrow indicates the dilatation of the intrahepatic bile duct.

Figure 2. Typical dynamic CT findings of peripheral ICC. Arrows indicate the main tumor in the arterial phase (A) and in the late arterial phase (B).

Figure 3. Typical dynamic CT findings of unclassifiable ICC (A; arterial phase, B; portal phase). Arrows indicate the main tumor, which extended
from the umbilical portion (A) to the peripheral (B).



408±1,621 U/ml; p=0.0487). There were no significant
differences in the positive rate of pathological portal venous
and/or hepatic venous infiltration (vp/vv), or pathological
intrahepatic metastasis (im). The positive rate of histological
cirrhosis (lc) in peripheral ICC was significantly higher
(perihilar, 0%; peripheral, 27%, p<0.0001).

Comparisons of DFS and OS rates. The DFS and OS curves
after operation in the two subtypes are illustrated in Figure
4. There was no significant difference in DFS rate
(p=0.2268); the two-year DFS rate of perihilar ICC was
32%, and that of peripheral ICC was 46%. The OS rate in
perihilar ICC was significantly worse (p=0.0031), and the
five-year OS rate in peripheral ICC reached 51% compared
to perihilar ICC in which remained low at 27%. 

As for patients after R0 resection, Figure 5 shows the DFS
and OS curves after operation in the two subtypes. Again,
there was no significant difference in the DFS rate
(p=0.3898); the two-year DFS rate in perihilar ICC was
49%, and that in peripheral ICC was 57%. The OS rate in
perihilar ICC was significantly worse (p=0.0033), and the
five-year OS rate of peripheral ICC reached 63%; however
that in perihilar ICC remained low at 39%.
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Table I. The acccuracy of preoperative classification of perihilar type
vs. peripheral-type ICC using dynamic CT.

Pathological                                       CT classification
classification
                               Perihilar        Peripheral       Unclassifiable       Total

Perihilar                      32                     1                         9                   42
Peripheral                      2                   43                         0                   45
Total                            34                   44                         9                   87

Accuracy: [78/87 × (32+43/78)] × 100=86%

Table II. Comparison of patient background characteristics.

Variables                           Pehihilar              Peripheral              p-Value
                                            (n=34)                   (n=44)                       

Age                                    62.8±8.6               61.1±11.7               0.4836
Male/Female                        30/14                     23/11                   0.9600
BMI                                   21.5±3.0                22.2±3.8                0.3827
DM (+) (%)                       4 (12%)                11 (25%)                0.1440
HBs-Ag (+) (%)                 1 (3%)                 10 (23%)               0.0129
HCV-Ab (+) (%)               4 (12%)                 8 (18%)                 0.7273
T-bil (mg/dl)                      1.8±2.6                  0.7±0.3                 0.0088
Alb (g/dL)                          4.1±0.4                  4.0±0.4                 0.4680
AST (IU/L)                      44.8±24.2              34.5±22.5               0.0562
ALT (IU/L)                     80.9±128.4             31.9±25.0               0.0155
PT (%)                              93.9±12.2              90.0±15.3               0.2140
Plt (×104/μl)                     12.4±12.4               7.4±10.0                0.0553
ICGR-15 (%)                    10.3±5.6                12.8±7.6                0.1102
Child A (%)                      27 (79%)               41 (93%)               0.0709

BMI; Body mass index, DM; diabetes mellitus, HBs-Ag; hepatitis B
virus surface antigen, HCV-Ab; hepatitis C antibody, T-bil; total
bilirubin, Alb; albumin, AST; aspartate aminotransferase, ALT; alanine
aminotransferase, PT; prothrombin time, Plt; platelet count, ICGR-15;
indocyanin green retention rate at 15 min.

Table III. Comparison of short-term surgical outcomes.

Variables                                              Perihilar       Peripheral     p-Value
                                                              (n=34)            (n=44)

Surgical outcomes                                                                                
   Operation time (min)                       521±158       343±1139    <0.0001
   Blood loss (g)                                 2413±358       890±305      0.0018
   Trasfusion (+) (%)                          16 (47%)       10 (23%)      0.0086
   Major Hx (%)                                 34 (100%)      18 (41%)     <0.0001
   Lymph node dissection (+) (%)     26 (76%)       18 (41%)      0.0014
   Biliary reconstruction (+) (%)        20 (59%)         4 (9%)       <0.0001
   R1/2 (%)                                           9 (26%)         8 (18%)       0.3809
   sm+ (%)                                            8 (24%)          1 (2%)        0.0025
Post-operative courses                                                                         
   Mortality (%)                                     3 (9%)           0 (0%)        0.0234
   Morbidity (%)                                 21 (62%)       11 (25%)      0.0010
   Hospital stay (days)                           34±22            22±21        0.0176

Hx; Hepatectomy, sm; surgical margin.

Table IV. Comparison of tumor-related factors.

Variables                            Perihilar               Peripheral              p-Value
                                            (n=34)                   (n=44)

Tumor diameter (cm)        4.0±1.8                  4.5±2.1                 0.2313
Solitary/multiple                 24/10                     30/14                   0.8194
n (+) (%)                           13 (38%)               11 (25%)                0.2102
Stage III or IVA (%)        26 (76%)               37 (84%)               0.3989
Poorly dif. (%)                 15 (44%)               27 (61%)               0.0253
ly (+) (%)                         17 (50%)               11 (25%)                0.0200
pn (+) (%)                         29 (85%)               13 (30%)              <0.0001
s (+) (%)                           19 (56%)               32 (73%)               0.1214
vp/vv (+) (%)                   21 (62%)               23 (68%)               0.4010
im (+) (%)                        18 (53%)               14 (32%)                0.1102
b (+) (%)                           14 (41%)               12 (27%)               0.2440
CEA (ng/ml)                     7.8±20.4                 3.5±5.1                 0.1870
CA19-9 (U/ml)               2360±1183             408±1621               0.0483
lc (+) (%)                            0 (0%)                 12 (27%)              <0.0001

n; Pathological lymph node metastasis, poorly dif.; poorly differentiated,
ly; pathological lymphatic infiltration, pn; pathological perinural
invasion, s; pathological serosal invasion, vp; pathological portal venous
infiltration, vv; pathological venous infiltration, im; pathological
intrahepatic metastasis, b; pathological bile duct invasion, CEA;
carcinoembryonic antigen, CA19-9; carbohydrate antigen 19-9, lc;
histological cirrhosis.



Comparisons between the two subtypes in the recurrence
pattern after R0 resection are summarized in Table V. The
recurrence rate was similar in both; 35% (12 patients) in
perihilar ICC, and 36% (16 patients) in peripheral ICC.
Among patients with a recurrence, when the recurrence was
divided into a pattern such as localized recurrence (≤3
nodules) and systemic recurrence (>3 nodules), the rate of
systemic recurrence in perihilar ICC was significantly higher
(perihilar, 92%; peripheral, 50%; p=0.0135). Lymph node-
related recurrence in perihilar ICC was as high as 50% (6
patients). On the other hand, liver-related recurrence in
peripheral ICC was as high as 75% (12 patients). 

Discussion
There have been several reports including our own
concerning the classification of ICC into hilar and peripheral
ICC according to the location of the main tumor (8, 9, 11-
15). However, this is the first report to investigate the

clinical significance of preoperative classification of ICC.
Compared to the pathological classification (8, 9), the
accuracy of our simple preoperative classification of ICC
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Figure 4. The DFS and OS curves of the two subtypes in all patients after operation. There was no significant difference in the DFS rate (p=0.2268)
(A). The OS rate in perihilar ICC was significantly worse (p=0.0031) and the five-year OS rate of peripheral ICC reached 51%; however, in
perihilar ICC remained low at 27% (B). 

Figure 5. The DFS and OS curves of the two subtypes in patients after R0 operation. There was no significant difference in the DFS rate (p=0.3898)
(A). The OS rate in perihilar ICC was significantly worse (p=0.0033) and the five-year OS rate of peripheral ICC reached 63%; however, that in
perihilar ICC remained low at 39% (B).

Table V. Comparison of recurrence pattern after R0 resection.

Recurrence pattern                                            Perihilar          Peripheral
                                                                            (n=34)              (n=44)

Recurrence (+)                                                 12 (35%)          16 (36%)
   Localized recurrence (+) (≤3 nodules)          1 (8%)             8 (50%)
   Liver                                                                     0                       4
   Lung                                                                     0                       1
Liver and Lung                                                       1                       3
   Systemic recurrence (+) (>3 nodules)         11 (92%)           8 (50%)
   Liver                                                                     2                       5
   Lung                                                                     0                       1
   Lymph nodes                                                       6                       0
   Peritoneal dissemination                                     3                       2



using preoperative dynamic CT was relatively high 86%. The
tumor size of all nine unclassifiable ICCs was over 5 cm,
and all were classified as perihilar ICC by pathological
evaluation. If we had automatically included unclassifiable
ICC into the perihilar group, the accuracy of our
preoperative classification would have increased to 97%. 

We previously reported that the two ICCs subtypes have
different cellular origins; perihilar ICC’s origin is from the
peribiliary gland while peripheral ICC from the canals of
Hering (9). Biliary chronic inflammation is considered one
of the main causes of cancer development in perihilar ICC
and viral hepatitis or cirrhosis in peripheral ICC (8, 9). In
this report, the positive rate of HBs-Ag (3% vs. 23%;
p=0.0129) and lc (0 vs. 27%; p<0.0001) were significantly
higher in peripheral ICC. Two recent papers suggest that
ICC may arise directly from transdifferentiation of
hepatocyte (16, 17). Therefore, peripheral ICC may develop
from small bile ducts or hepatocytes. The relationship
between HBV infection (odds ratio, OR; 2.66), cirrhosis
(OR; 22.9) and ICC carcinogenesis were supported by two
meta-analyses (18, 19). In addition, some studies have
reported conflicting findings as to whether HBV, HCV or
both were associated with ICC (18, 20). In this study, the
significant increase of T-bil and ALT in perihilar ICC was
likely caused not by liver dysfunction or hepatocytes
inflammation but by obstructive liver injury, together with
other variables such as the indocyanin green retention rate
at 15 min.

Due to tumor location, major Hx was significantly more
frequently performed in perihilar ICC (41% vs. 100%;
p<0.0001), and the positive rate of performance in lymph
node dissections (41% vs. 76%; p=0.0014) and biliary
reconstruction (9% vs. 59%; p<0.0001) were also
significantly higher in perihilar ICC. Despite these extended
resections, the positive rate of surgical margin in perihilar
ICC reached 24%, and this rate was significantly higher than
that in peripheral ICC (2%; p=0.0025). This might have been
due to the more aggressive local tumor invasions in perihilar
ICC such as ly (50% vs. 25%; p=0.0200) and pn (80% vs.
30%; p<0.0001). We should pay close attention to achieving
wide tumor margins in both liver parenchyma and in bile
duct in resections in perihilar ICC. 

In all patients and in those with R0 resection, the OS rate
is significantly better in peripheral ICC (p=0.0031, p=0.0033,
respectively); however there was no significant difference in
DFS (p=0.2268, p=0.3898, respectively). This discrepancy
was likely caused by the difference in recurrence pattern. The
major recurrence pattern of perihilar ICC was systemic (>3
nodules; 92%), and it was mainly involving lymph nodes
(50%). The mean value of CA19-9, which is reported to be
the most important prognostic factor in ICC (5), was
significantly higher in perihilar ICC than in peripheral ICC;
therefore, perihilar ICC would have more potential to

systemic spreading. On the other hand, the recurrence pattern
of peripheral ICC was localized (≤3 nodules; 50%) and was
mainly intrahepatic (75%). Six patients (38%) underwent
surgical resection against recurrent tumors with curative
intent, and this aggressive surgery for recurrence would lead
to the better OS rate in peripheral ICC (21, 22).

To improve patient survival in perihilar ICC, the addition
of perioperative chemotherapy should be an option.
However, there are contradictive results concerning the
survival impacts of adjuvant chemotherapy for ICC (23, 24).
Considering the high invasiveness of patients receiving
major Hx for perihilar ICC, the neoadjuvant setting would
be a preferable option for better patient survival after
operation. On the other hand, recurrence in peripheral ICC
is almost always intrahepatic. Therefore, perioperative
chemotherapy via the hepatic artery is also an option towards
improving survival (25). In addition, considering the
recurrence pattern and the relatively low rate of ly and pn in
peripheral ICC, liver transplantation with perioperative
chemotherapy could be a feasible choice (26, 27).

According to the findings of dynamic CT and clinical
futures, peripheral ICC’s characteristics are similar to HCC.
Actually, in our own cases, five patients (5.7%) were
preoperatively diagnosed as HCC. However, Table IV clearly
shows that there are many different pathological findings
such as the positive rate of ly (25%) and pn (30%), that are
rarely seen in HCC. In addition, 11 cases (25%) in peripheral
ICC had lymph node metastasis. All tumor sizes of
peripheral ICC with lymph node metastasis were over 5 cm,
and six cases (55%) had multiple tumors. Probably, some
peripheral ICCs have clinical characteristics similar to HCC;
however, we want to emphasize the clear differences
between peripheral ICC and HCC demonstrated in this study.
Therefore, we should be careful in applying radiofrequency
ablation in peripheral ICC (28).

In conclusion, we found that preoperative classification of
ICC into perihilar and peripheral subtypes had a relatively
high accuracy rate of 86%. In perihilar ICC, the local tumor
invasions such as ly and pn are more potent and therefore we
should seek sufficient tumor margins against perihilar ICC.
Systemic recurrence is also more frequent in perihilar ICC,
so perioperative chemotherapy should be conducted to
improve patients’ prognosis.
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