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BACKGROUND: In the current American Joint Committee on Cancer/International Union Against Cancer staging system (seventh edition)
for intrahepatic cholangiocarcinoma (ICC), tumor size was excluded, and periductal invasion was added as a new tumor classification-
defining factor. The objective of the current report was to propose a new staging system for ICC that would be better for stratifying the sur-
vival of patients based on data from the nationwide Liver Cancer Study Group of Japan database. METHODS: Of 756 patients who under-
went surgical resection for ICC between 2000 and 2005, multivariate analyses of the clinicopathologic factors of 419 patients who had
complete data sets were performed to elucidate relevant factors for inclusion in a new tumor classification and staging system. RESULTS:
Overall survival data were best stratified using a cutoff value of 2 cm using a minimal P value approach to discriminate patient survival. The 5-
year survival rate of 15 patients who had ICC measuring <2 cm in greatest dimension without lymph node metastasis or vascular invasion was
100%, and this cohort was defined as T1. Multivariate analysis of prognostic factors for 267 patients with lymph node-negative and
metastasis-negative (NOMO) disease indicated that the number of tumors, the presence arterial invasion, and the presence major biliary inva-
sion were independent and significant prognostic factors. The proposed new system, which included tumor number, tumor size, arterial inva-
sion, and major biliary invasion for tumor classification, provided good stratification of overall patient survival according to disease stage.
Macroscopic periductal invasion was associated with major biliary invasion and an inferior prognosis. CONCLUSIONS: The proposed new
staging system, which includes a tumor cutoff size of 2cm and major biliary invasion, may be useful for assigning patients to surgery. Cancer
2016;122:61-70. © 2075 The Authors. Cancer published by Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access
article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver tumor after hepatocellular carcinoma
(HCCQ). Tt is estimated that approximately 5% to 15% of primary liver cancers are ICCs," although recent studies have
reported that the incidence of ICC has doubled to 2.1 per 100,000 person-years in the United States over the past few dec-
ades.”™ Nevertheless, because of its rarity compared with HCC, clinical studies based on a large number of case series in
ICC are limited,”” and clinicopathologic features relevant for adequate tumor staging remain to be identified. Although
it has been demonstrated that combined systemic chemotherapy improves the survival of patients with biliary cancer,
including ICC, compared with best supportive care,’ achieving a cure relies on surgical resection. Therefore, an adequate
staging system is essential to identify patients who would benefit from surgical resection.
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An ICC staging system independent of HCC was first
published in 1997 by the Liver Cancer Study Group of Ja-
pan (LCSG]J) based on the HCC staging system, in which
a tumor cutoff size of 2 cm, the number of tumors, and the
presence of vascular/serosal invasion were used to deter-
mine tumor (T)-classification.” Another attempt was made
to produce an optimal ICC staging system with the T-
classification defined by tumor number and vascular inva-
sion, excluding tumor size, on the basis of results from a
multivariate analysis of prognosis in 60 surgical patents
with mass-forming ICC."* In the American Joint Commit-
tee on Cancer/International Union Against Cancer (AJCC/
UICC) staging system, ICC was traditionally staged with
HCC under the category of primary liver cancer; ie, T-
classification was determined by tumor number, vascular
invasion, a tumor cutoff size of 5 cm, and invasion to adja-
cent organs. In the AJCC seventh edition,'! however, an
original classification for ICC was developed based on data
from the US Surveillance, Epidemiology, and End Results
(SEER) plrogram.5 In that seventh edition, a tumor cutoff
size of 5cm was excluded, and periductal invasion was
newly added as a factor for determining T-classification. A
multicenter study analyzing the survival of 522 patients
with ICC in France confirmed the acceptable performance
of the current version of tumor, lymph node, metastases
(TNM) classification for ICC."* Although international
guidelines supported the seventh edition of the AJCC/
UICC staging system,” the limitations of this system were
pointed out; in particular, issues classifying T4 disease or
multiple tumors were highlighted. In addition, the patho-
logic definition of periductal invasion was not defined in the
World Health Organization classification." The objective
of the current study was to clarify the prognostic signifi-
cance of the pathologic features of ICC and to propose a
new staging system for ICC based on the large, nationwide

LCSG]J database.

MATERIALS AND METHODS

With the cooperation of 795 institutions in Japan, patients
with primary liver cancer are registered every 2 years and are
followed prospectively in a nationwide survey conducted by
the LCSG]J. ICC was diagnosed at each institution on the
basis of imaging studies, clinical data, and/or histologic
analyses. Among the 62,424 patients with liver cancer newly
registered in the survey between 2000 and 2005, 2279
patients (3.7%) had a clinical diagnosis of ICC. In total,
1216 patients underwent surgical resection, resulting in a
53.3% resection rate. Of these, the prognosis was pursued
in 1145 patients. The macroscopic findings in those 1145
patients included 1) mass-forming (MF)-dominant ICC,
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including the MF type (n = 632); 2) the periductal infiltrat-
ing (PI) type (n = 96); 3) the intraductal growth (IG) type
(n=45); 4) the MF + PI type (n = 204); 5) the PI + IG
type (n = 6); 6) the MF + IG type (n = 22); and 7) other
types (n = 140). Of the 836 patients who had the MF or
MF + PI type, histologic confirmation of cholangiocarci-
noma was confirmed in 756 patients, excluding 20 patients
with HCC, 7 patients with cystadenocarcinoma, 15 patients
with combined HCC-ICC, 1 patient with hepatoblastoma,
5 patients with other diseases, and 32 patients without histo-
logic confirmation (Fig. 1).

Among the 756 patients who had histologically con-
firmed ICC, clinicopathologic data were evaluated, and
419 patients (55%) were extracted, excluding 337 patients
who had incomplete information on essential clinicopath-
ologic factors, such as tumor number (n = 33), tumor size
(n = 30), portal vein invasion (n = 79), hepatic vein inva-
sion (n = 83), arterial invasion (n = 155), serosal invasion
(n = 88), biliary invasion (n = 116), lymph node metas-
tasis (n = 111), and/or distant metastasis (n = 27). This
selection was undertaken to purify the data with a view to-
ward establishing a reliable staging system.

The definition of each pathologic factor was estab-
lished based on the General Rules for the Clinical and Path-
ological Study of Primary Liver Cancer.’ Tumor size and
number were determined based on the results of patho-
logic examinations. The impact of portal vein invasion
(vp), hepatic vein invasion, arterial invasion, serosal inva-
sion, and biliary invasion was evaluated according to the
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\ ICC undergoing hepatectomy (n=1216; 53%) |

Pl type (n=96), IG type (n=45), PI+IG type (n=6)
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Figure 1. This schematic flow chart displays the population of
patients with intrahepatic cholangiocarcinoma (ICC) who
underwent hepatectomy between 2000 and 2005 and were
registered in the nation-wide database of the Liver Cancer
Study Group of Japan. Combined HCC-CC indicates com-
bined hepatocellular cholangiocarcinoma; HCC, hepatocellu-
lar carcinoma; IG, intraductal growth; MF, mass forming; PI,
periductal infiltrating.
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microscopic grades of each factor (ie, vp0 vs vpl-vp4,
vp0-vp1l vs vp0-vp2 vs vp3-vp4) based on the LCSG]J clas-
sification system.” Biliary invasion was defined as ranging
from b0 to b4. Major biliary invasion was defined as b3 or
b4, whereas b1 or b2 indicated minor biliary invasion.
Peritoneal dissemination was included in distant metasta-
sis. Periductal invasion was characterized by macroscopic
findings of diffuse tumor infiltration along the long axis
of the portal tract involving the bile duct, blood vessels,
and connective tissues.” Three hundred ten of the 419
patients (74%) underwent lymph node dissection, and
lymph node metastasis was diagnosed using the resected
lymph nodes.

With regard to the impact of tumor size on survival,
the difference in survival for patients in each category of
tumor size was evaluated using various cutoff values rang-
ing from 1 to 7 cm in greatest dimension not only in the
full cohort of 419 patients but also in 267 patients who
had NOMO disease. The correlation between the macro-
scopic appearance of the tumor (MF type vs MF + PI
type) and the grade of biliary invasion (b0-b4) also was
examined. Univariate and multivariate analyses of survival
were performed for all of the valid clinicopathologic
factors.

Design of a New Staging System

Upon a review of results from these retrospective analyses, a
new staging system was developed based on the following
criteria: 1) TNM style should be maintained, 2) the new
system should be as simple as possible, 3) each factor for
determining T-classification preferably should be estimated
based on preoperative imaging studies, 4) the survival
curves determined by T-classification should be well strati-
fied in NOMO patients, 5) the survival curves determined
by disease stage should be well stratified in all patients ana-
lyzed, 6) the distribution of patient proportions in each T-
classification and stage should be well balanced, and 7)
stage [VB disease should be carefully determined because it
implies that there is no indication for surgery.

Survival Curves According to Stage and
Validation Analysis of the Counterpart Cohort

The overall survival of the 267 patients with NOMO dis-
ease was stratified by T-classification according to the pre-
existing staging systems, including the fourth and fifth
editions of the LCSGJ system, the system published by
Okabayashi et al,'® the sixth and seventh editions of the
AJCC/UICC TNM classification,'" and the current new
system. The overall survival of all 419 patients was strati-
fied by stage using the same preexisting staging systems.
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A validation analysis was performed using the newly
developed staging system on the remaining 337 patients
among the 756 patients who had histopathologically con-
firmed ICC. Differences in survival curves were evaluated
according to T-classification and disease stage.

Statistical Analysis

Correlations between categorical variables were tested
using chi-square analysis, and continuous data were ana-
lyzed using the Mann-Whitney U test. Survival curves for
overall survival were generated using the Kaplan-Meier
method and were compared using the log-rank test. To
identify risk factors for death, multivariate regression anal-
ysis was performed with the Cox proportional hazards
model using a backward elimination procedure. Probabil-
ity (P) values < .05 were considered statistically signifi-
cant. Data were analyzed using the SPSS version 19.0
software program (version 19.0; IBM Corp, Armonk,

NY).

RESULTS

Tumor Size

The best tumor cutoff size was determined by using a
minimum £ value approach for the entire cohort of 419
patients and for the cohort of 267 patients with NOMO
disease. When sliding the cutoff value of tumor size from
1 cm to 7 cm, minimum P values were obtained at 2.1 cm
for both the full 419-patient cohort and the 267-patient
NOMO cohort. The conventional cutoff value of 5 cm did

i — All patients (n=419)

0.9 1 NOMO patients (n=267)
0.8
0.7 N
0.6 1

0.5 1

p value

0.4

0.3

0.2 1

0.1 1

0

0.0 1.0 20 3.0 40 50 6.0 7.0 8.0

Tumor size (cm)

Figure 2. This chart illustrates the optimal cutoff value of tu-
mor size for predicting the survival of all 419 patients and of
the 267 patients who had lymph node-negative/metastasis-
negative (NOMO) disease.
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TABLE 1. Correlation Between Macroscopic Type
and Valid Clinicopathologic Factors in the Full
Cohort of 419 Patients With Mass-Forming-
Dominant Intrahepatic Cholangiocarcinoma

No. of Patients

MF + PI
MF Type, Type,

Variable n=2315 n=104 P

Tumor size, cm
<2 21 6 .75
>2 294 98
<5 170 65 13
>5 145 39

No. of tumors
Solitary 244 72 .09
Multiple 71 32

Serosal invasion
Present 201 47 .10
Absent 114 57

Portal vein invasion
Present 145 64 .006%
Absent 170 40

Hepatic vein invasion
Present 86 33 .39
Absent 229 71

Arterial invasion
Present 21 12 Rh
Absent 294 92

Biliary invasion
b0 172 20 <.001%
b1-b4 143 84

Major biliary invasion
b0-b2 278 66 <.001?
b3, b4 37 38

Lymph node metastases
Present 96 56 <.001%
Absent 219 48

Distant metastases
Present 4 3 27
Absent 311 101

Abbreviations: b0, no biliary invasion; b1, invasion of the third-order or
more peripheral branch of the bile duct; b2, invasion of the second-order
branch of the bile duct; b3, invasion of the first-order branch of the bile
duct; b4, invasion of the common hepatic duct; MF + Pl type, mass-
forming plus periductal-infiltrating type; MF type, mass-forming type.

2This P value indicates a statistically significant difference.

not prove useful for prognostication in the study popula-
tion (Fig. 2).

Characteristics of Tumors <2cm

Twenty-seven of 419 patients (6.4%) had tumors measur-
ing <2 cm in greatest dimension. Although none of those
27 patients had distant metastasis, 7 of them (25.9%) had
lymph node metastasis, 9 had portal vein invasion, and 12
had biliary invasion. Excluding the 7 patients who had
lymph node metastasis, there was biliary invasion in 7
patients (35%), portal vein invasion in 5 patients (25%),
hepatic vein invasion in 1 patient (5%), serosal invasion
in 1 patient (5%), and arterial invasion in none of the
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remaining 20 patients. The 5-year survival rate of the 15
patients without portal vein invasion was 100%, which
was significantly better than that of the 5 patients with
portal vein invasion (2-year survival rate, 60%; P = .01).

Macroscopic Findings of the MF or MF + Pl Type
All 419 patients were diagnosed with either MF type
(n=315) or MF + PI type (n = 104) ICC according to
macroscopic findings in the specimen. Having similar
sizes and numbers of tumors, the MF + PI type of ICC
was more frequently associated with portal vein invasion,
biliary invasion, or lymph node metastasis compared with
the MF type (Table 1). The overall survival of patients
who had the MF + PI type was significantly worse than
that of patients who had the MF type (median survival
time [MST], 43.5 vs 17.6 months; < .001). A very high
rate of biliary invasion was noted in both the MF type
(45.4%) and the MF + PI type (80.8%; P < .001). The
degree of biliary invasion was more advanced in patients
who had the MF + PI type than in those who had the MF
type, with a significantly higher rate of major biliary inva-
sion (b3 or b4; 36.5% vs 11.7%, respectively; P < .001).

Univariate and Multivariate Analyses of
Prognostic Factors in the Entire Cohort
Univariate analysis of the entire 419-patient cohort revealed
that tumor size, tumor number, portal vein invasion, he-
patic vein invasion, arterial invasion, serosal invasion, major
biliary invasion, lymph node metastasis, and distant metas-
tasis were significant prognostic factors for survival (Table
2). Although not all types of biliary invasion were associated
with worse survival, major biliary invasion was significantly
associated with worse survival among all 419 patients. Mul-
tivariate analysis revealed that tumor number, lymph node
metastasis, and distant metastasis were independent prog-
nostic factors.

Univariate and Multivariate Analyses of
Prognostic Factors in the NOMO Cohort

To elucidate the impact solely of T-classification on
patient survival, data on the 267 patients with NOMO dis-
ease were analyzed. Univariate and multivariate analyses
of the 267 NOMO patients revealed that tumor number,
arterial invasion, and major biliary invasion were signifi-
cant independent factors for survival (Table 3). Major bil-
fary invasion, but not all types of biliary invasion, was
associated with worse survival (2 = .007) (Fig. 3); whereas
portal vein invasion, hepatic vein invasion, or serosal inva-
sion were not significantly associated with survival, as evi-
denced by testing various cutoff values for each category.
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TABLE 2. Univariate and Multivariate Analyses of Prognostic Factors for Survival in the Full Cohort of 419
Patients With Mass-Forming-Dominant Intrahepatic Cholangiocarcinoma

Univariate Analysis

Multivariate Analysis

Variable No. of Patients 5-Year Survival Rate, % MST, mo P HR (95% Cl) P
Tumor size, cm
<2 27 82.4 ND .011% 2.487 (0.912-6.780) .075
>2 392 40 29
No. of tumors
Solitary 316 53.5 ND <.001°% 2.570 (1.814-3.643) <.001?
Multiple 103 ND 15.2
Portal vein invasion
Absent 210 52.1 ND .009%
Present 209 34.2 25.5
Hepatic vein invasion
Absent 300 46.1 36.6 .0072
Present 119 ND 19.4
Arterial invasion
Absent 386 44.9 36.6 .003%
Present 33 ND 16.6
Biliary invasion
Absent 192 44.9 43.5 .07
Present 227 ND 26.2
Major biliary invasion
Absent 344 46.5 36.6 .004%
Present 75 ND 20.3
Serosal invasion
Absent 258 48.3 43.5 .0012
Present 161 35.2 21.4
Lymph node metastasis
Negative 267 58.4 ND <.001% 2.818 (1.992-3.987) <.001%
Positive 152 111 16.0
Distant metastasis
Negative 412 44.2 34.7 <.001°% 2.940 (1.258-6.869) .012
Positive 7 0 4.2

Abbreviations: Cl, confidence interval; HR, hazard ratio; MST, medial survival time; ND, not determined.

2This P value indicates a statistically significant difference.

A New Staging System for ICC of the
Predominantly MF Type

On the basis of the results obtained from analysis of LCSGJ
data described above, a new T-classification was developed
that included tumor size with a cutoff value of 2 cm, tumor
number, portal vein invasion, and major biliary invasion.
The style of the staging system followed the current Japanese
staging system for ICC'; ie, T-classification comprised the
following factors: 1) tumor size (<2 cm vs > 2cm), 2) tu-
mor number (solitary vs multiple), and 3) vascular invasion
or major biliary invasion (Table 4). Vascular invasion was
represented by the presence of cither portal vein invasion or
arterial invasion. On the basis of the above categories, no sig-
nificant difference in survival was observed between 106
patients who had T1-T3N1MO disease and 27 patients who
had T4NOMO disease (MST, 16.6 vs 22.5 months;
P =.95). No significant difference in survival was observed
between 38 patients who had T4NIMO disease and 7
patients who had M1 disease (MST, 13.4 vs 4.2 months;
P=.57). Therefore, patients with T1-T3NIMO and
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T4NOMO disease were grouped into stage IVA, whereas
those with T4ANIMO and M1 disease were grouped into
stage [IVB (MST, 17.8 vs 12.3 months; P < .001).

Comparison With the Stratification of Overall
Survival by Preexisting Staging Systems

Opverall survival curves for the 267-patient NOMO cohort
were well stratified by T-classification using the newly
proposed system (Fig. 3). In the seventh edition of the
AJCC classification, patients who had T2b tumors had
worse survival than those who had T3 tumors (P = .001)
and T4 tumors (P = .053), suggesting worse survival for
patients who had multiple ICCs (T2b) compared with
those who had perforation (T3) or periductal invasion
(T4).

Overall survival curves for the entire 419-patient
cohort were well stratified by disease stage using the new
staging system (Fig. 4). The seventh edition of the AJCC
system did not discriminate well between stages I, II, and
ITI; however, the new staging system did discriminate well
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TABLE 3. Univariate and Multivariate Analyses of Prognostic Factors for Survival in the Cohort of 267
Patients With NOMO, Mass-Forming-Dominant Intrahepatic Cholangiocarcinoma

Univariate Analysis

Multivariate Analysis

Variable No. of Patients 5-Year Survival Rate, % P HR (95% ClI) P
Tumor size, cm
<2 20 90 .076
>2 247 55.4
No. of tumors
Solitary 219 63.1 <.001° 3.937 (2.291-6.753) <.001?
Multiple 48 ND
Portal vein invasion
Absent 160 63.6 .083
Present 107 52.5
Hepatic vein invasion
Absent 213 58.8 .67
Present 54 ND
Arterial invasion
Absent 253 59.8 .002% 2.791 (1.264-6.161) .01#
Present 14 ND
Biliary invasion
Absent 140 64.4 .085
Present 127 51.1
Major biliary invasion
Absent 231 60.9 .007# 2.939 (1.551-5.566) .0012
Present 36 ND
Serosal invasion
Absent 174 61.3 .064
Present 93 52.7

Abbreviations: Cl, confidence interval; HR, hazard ratio; ND, not determined.
2This P value indicates a statistically significant difference.

between stages I, II, and III, although the difference was
marginal between stages I and II (2= .09). The fifth edi-
tion of the LCSG]J system did not discriminate well
between stages IVA and IVB (P = .12); however, the new
staging system did discriminate well between stages IVA
and IVB (2 < .001), indicating that stage IVB in the fifth
edition of the LCSG]J system can be divided into 2 groups,
T1-T3NIMO (stage IVA in the new staging system) and
T4NIMO or M1 (stage IVB in the new staging system).

In the validation analysis, T-classification could be
identified for 198 of 337 patients (58.8%), and disease
stage was available for only 134 patients (39.7%) because
of a lack of clinicopathologic data. Survival curves accord-
ing to T-classification were well discriminated, whereas
the survival curves for each stage were not well stratified
because of the small number of patients (Fig. 5).

DISCUSSION

In this nationwide survey of surgical results from patients
with MF-dominant ICC, we confirmed that a tumor cut-
off size of 2cm (and not 5 cm) in greatest dimension best
differentiated the survival of patients. We observed that a
cohort of patients who had ICC tumors <2 cm without
lymph node metastasis had an extremely good prognosis
(5-year survival rate, 90%), and the 5-year survival rate for
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patients without portal vein invasion was 100%. Although
the multivariate analysis failed to identify tumor size as a
significant prognostic factor for survival, patients who had
ICC <2cm without lymph node or vascular invasion
could be categorized as stage I, which forecasts a very good
prognosis. Second, major biliary invasion, ie, invasion of
the first-order branch of the bile duct, was an independent
and significant factor for a worse prognosis for the NOMO
patient cohort in multivariate analysis (hazard ratio, 2.939;
P =.001). Major biliary invasion would have a close corre-
lation with macroscopic periductal invasion, and the cur-
rent results support the addition of periductal invasion in
the T-classification according to the seventh edition of the
UICC/AJCC system. However, further studies are war-
ranted to pathologically define the concept of “periductal
invasion,” because it is originally a finding of the macro-
scopic ICC classification.”'

In the UICC/AJCC seventh edition, tumor size was
excluded from the T-classification, because univariate and
multivariate analyses failed to confirm the prognostic
impact of tumor size on the survival of patients with a cut-
off value of 2 cm or 5 cm.” When the 2-cm cutoff size was
used, the hazard ratio for death was 1.29 in the Western
series” and 2.487 in the current study. The proportion of
patients with <2-cm ICC was 11% in the Western series
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Figure 3. These charts compare the staging systems for intrahepatic cholangiocarcinoma based on the stratification of survival
curves from the 267 patients who had NOMO disease according to tumor classification. AJCC 6th indicates the International
Union Against Cancer/American Joint Committee on Cancer classification, 6th edition; LCSGJ 5th, Liver Cancer Study Group of
Japan, 5th edition; Okabayashi, the staging system published by Okabayashi et al'®; AICC 7th, the International Union Against
Cancer/American Joint Committee on Cancer classification, 7th edition.

and 6.5% in the current study. The reason why the impact
of a tumor size <2 cm differs in Western and Eastern
countries is unclear; however, it is very difficult to detect
ICCs <2 cm because of the lack of symptoms, and surveil-
lance is important for patients who have hepatitis C virus
or other hepatic disease. It will be meaningful to recon-
firm that patients who have a solitary ICC measuring
<2 cm without vascular invasion can enjoy a 5-year sur-
vival rate of 100% after surgical resection.

We recently observed that major biliary invasion
predicted patient survival and was an independent predic-
tor of survival in multivariate analyses of 267 patients
with NOMO ICC. Periductal invasion is not defined in the
classification system."'" In the AJCC/UICC seventh edi-
tion, patients with periductal invasion are classified as T4,
but the overall survival of patients with T4 tumors
appeared to be better than that of patients with T2b
tumors (P =.053) (Fig. 4). This reversed situation may
be explained by the more powerful prognostic value of the
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number of tumors compared with major biliary invasion
(Table 2), and a microscopic definition of periductal inva-
sion and adequate weighting of each prognostic factor are
issues that remain to be resolved.

Major biliary invasion can be discussed with regard
to the macroscopic MF +PI type of ICC. Among
patients with MF-dominant ICC, the presence of peri-
ductal infiltration has been considered a sign of tumor
invasion along the Glissonean sheath, thereby making it a
prognostic factor for worse survival. However, there is
some controversy regarding whether the prognosis for
patients with the MF + PI type of ICC is worse than that
for those with the MF type. Yamamoto et al first described
worse survival for patients with the MF + PI type of ICC
than for those with the MF type,'” whereas a multicenter
collective study using multivariate analysis demonstrated
that macroscopic classification was not a prognostic fac-
tor.” In the current study, the macroscopic type of ICC
had a close correlation not only with biliary invasion but
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TABLE 4. A New Staging System for
Mass-Forming-Dominant Intrahepatic
Cholangiocarcinoma

Variable Parameter
Criteria

1. No. of tumors Solitary

2. Size of largest tumor <2cm

3. Vascular or major
biliary invasion

vp0, va0, b0-b2

Tumor classification

T All 3 criteria are fulfilled

T2 Only 2 of the 3 criteria are fulfilled

T3 Only 1 of the 3 criteria is fulfilled

T4 None of the 3 criteria are fulfilled
Stage

| T1NOMO

Il T2NOMO

n T3NOMO

IVA T4NOMO

T1-T3N1MO
VB T4N1MO

AnyTNO,N1M1

Abbreviations: b0-b2, no biliary invasion or minor biliary invasion within
second-order branch of the bile duct; M, metastasis status; N, lymph node
status; T, tumor classification; va0, no arterial invasion; vp0, no portal vein
invasion.

also with portal vein invasion and lymph node metastasis
(Table 2). These results suggest strong confounding
between macroscopic type and important histopathologic
factors. Conversely, controversy remains regarding how to
differentiate hilar bile duct cancer from ICC involving the
hepatic hilum. In the current analysis, because major bili-
ary invasion was identified as one of the important prog-
nostic factors for patients with advanced ICC, the
MF + PI type of ICC should be classified using the pro-
posed staging system for ICC. This issue should be further
discussed in the future.

The selection of appropriate factors for determining
vascular or ductal invasion to complete the T-classification
appears to be complicated. Among the 5 possible candi-
dates constituting T-classification, portal vein invasion, he-
patic vein invasion, arterial invasion, and serosal invasion
are included in the fifth edition of the LCSGJ system;
whereas vascular invasion, serosal invasion, and periductal
invasion are included in the seventh edition of the AJCC
TNM system. We examined all combinations of vascular,
biliary, and serosal invasion and observed that the combina-
tion of portal vein invasion and major biliary invasion
would be appropriate, because: 1) even in patients with
tumors <2cm, portal vein or biliary invasion can be
observed in 18% and 26% of patients, respectively, so these
occur more frequently than the remaining factors; 2) not
only for all the entire 419-patient cohort but also for the
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267-patient cohort with NOMO disease, tumor numbers
and major biliary invasion were significant factors predict-
ing survival in univariate analysis; and 3) major biliary inva-
sion may be predicted by imaging analysis as periductal
invasion. Hepatic vein invasion or serosal invasion
appeared to be less important for predicting survival; hence,
these were excluded from the T-classification to simplify
the staging system as much as possible. The prognostic
influence of the 3 criteria in the new staging system may be
unequal and inferior for predicting the survival of surgical
patients compared with a precisely designed nomogram.'®
However, because a staging system must be simple, we
adopted the style of the LCSG] fifth edition. In addition,
we included a tumor cutoff size of <2 cm in the criteria,
because a tumor size <2 cm is an unambiguous condition,
and patients with stage I ICC (a solitary tumor <2cm
without vascular or major biliary invasion) may have an
excellent prognosis.

Patients who have ICC with lymph node metastasis
may have a dismal prognosis, and surgical indications for
patients with lymph node metastasis remain controver-
sial.'”'® Tn the current study, no significant difference in
survival was observed between patients with T1-T3N1MO0
disease and those with T4ANOMO disease (MST, 16.6 vs
22.5 months; P=.95) or between patients with
T4N1MO disease and those with M1 disease (MST, 13.4
vs 4.2 months; P=.57). Therefore, patients with T1-
T3N1IMO and T4ANOMO disease were grouped into stage
IVA, whereas those with TAN1IMO and M1 disease were
grouped into stage IVB (MST, 17.8 vs 12.3 months;
P<.001). Stage IVB may suggest inoperable disease,
which should be carefully assessed. Uenishi et al also di-
vided patients with N1 disease into stages IVA and IVB
according to T-classification based on results from a mul-
ticenter study that analyzed 233 patients from 9 institu-
tions in Japan,'” and our staging system endorses their
proposal.

The major limitations of the current study include the
fact that we customized the classification system for patients
with MF-dominant ICC. Because the 1G type of ICC is
characterized by better survival compared with the MF and
ME + PI types,'>* some modification may be necessary
for other minor macroscopic types of ICC, which account
for approximately 15% of all ICCs. The second drawback
of this study is the insufficient validation analysis. The new
T-classification was validated using 198 of 337 patients
(58.8%), and staging was validated in 134 patients (39.7%)
because of a lack of clinicopathologic data. Although T-
classification defined by the new staging system demon-
strated acceptable discrimination by tumor category, an
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Figure 4. These charts compare the staging systems for intrahepatic cholangiocarcinoma based on the stratification of survival
curves from the entire cohort of 419 patients according to disease stage. AJCC 6th indicates the International Union Against
Cancer/American Joint Committee on Cancer classification, 6th edition; LCSGJ 5th, Liver Cancer Study Group of Japan, 5th edi-
tion; Okabayashi, the staging system published by Okabayashi et al'®; AJCC 7th, the International Union Against Cancer/Ameri-

can Joint Committee on Cancer classification, 7th edition.

international validation study will be required that includes
a larger number of case series. The third problem is that the
current staging system was based on the survival of patients

(%)
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who underwent surgical resection. The survival of patients
who receive nonsurgical treatment, such as radiofrequency
ablation, systemic chemotherapy, transcatheter arterial
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Figure 5. Overall survival curves are shown for the 337 patients who had incomplete clinicopathologic data stratified according
to tumor (T) classification and disease stage defined using the proposed staging system.
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chemoembolization, and liver transplantation, should be
covered by the staging system in the future.

CONCLUSION

In conclusion, the current nationwide study on the progno-
sis of patients with ICC revealed that a tumor cutoff size of
2 cm in greatest dimension well discriminates patient sur-
vival and that major biliary invasion and vascular invasion,
represented by portal invasion, appear to be important
prognostic factors for determining T-classification in the
staging system. Patients with T1-T3N1MO0 and T4NOMO
disease were included in stage IVA, whereas those with
T4N1IMO and M1 disease were included in stage IVB. The
results indicate that this new staging system would be useful
in terms of assigning patients to surgery.
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