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Prognostic factors
in patients with intrahepatic
cholangiocarcinoma
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Intrahepatic cholangiocarcinoma (ICC) is the second commonly-seen liver malignancy and one of

the most fatal cancers in Taiwan. Survival after diagnosis of ICC remains poor. This study aimed to
investigate the survival and prognostic factors in patients with ICC. All patients with newly diagnosed
ICC during 2004 to 2018 were identified from a national cancer database and followed until December
2020. Estimates of overall survival (OS) were conducted using the Kaplan-Meier method and Cox
proportional hazards model. Hazard ratios with 95% confidence intervals were calculated. Initially,
7940 patients with ICC disease (stage IV: 55.6%, 4418/7940) were eligible for this study. Only 32.3%
(2563/7940) patients with ICC underwent liver resection. After Propensity score matching, 969 pairs
(N =1938) of patients were matched and selected (mean age 62.8 +11.0 years, 53.1% were male,
29.7% had cirrhosis). The median follow-up time was 80.0 months (range 25-201 months). The

3-, 5-year OS rates were 44.0%, 36.4% in the surgical group and 26.0%, 23.7% in the non-surgical
group, respectively. Surgery, young patients (< 54 years), small tumor size, no vascular invasion and
chemotherapy were associated with better OS in patients with stages I-lll disease. Surgery benefit
was maximum in stage | disease followed by stage Il. In patients with stage IV disease, factors such
as surgery, young patients (< 64 years), single tumor, and no vascular invasion were associated with
better OS. Chemotherapy was insignificantly associated with better OS. Long-term survival in patients
with ICC is very poor. Compared to non-surgical patients, surgery conveys approximately 18% and
12% better OS rates at 3-year and 5-year, respectively. Early detection and surgical intervention may
improve OS substantially in patients with ICC.
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Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver malignancy". It accounts for
10% to 15% of all primary liver malignancies in the United Sates (USA)? and has a relatively high prevalence
in parts of East Asia®. Traditionally, cholangiocarcinoma can be classified into the intrahepatic (5-10%) and
the extrahepatic types (80% to 90%, including distal tumors of the common bile duct and perihilar/Klatskin
tumor)*°. Although surgery is the mainstay of treatment that offers the possibility for a cure, patients with
ICC have an extremely poor prognosis’. Unlike its extrahepatic counterpart, patients with ICC are frequently
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found to have disease that is beyond the limits of surgical therapy because of multiple intrahepatic metastases,
peritoneal carcinomatosis, or extrahepatic metastases at the time of diagnosis'. The outcome after treatment for
ICC is far from expectation possibly due to the lack of an effective adjuvant therapy, the aggressive nature of the
disease, and the critical location of the tumor in close proximity to vital structures®. The majority of patients
have unresectable disease and surgery is effective in only 25% to 30% of patients®.

The effect of adjuvant therapy (chemotherapy/radiotherapy) is inconclusive for patients with ICC who either
did or did not undergo surgery'’. The probable causes are its poor prognosis and low incidence of ICC, both
of which might hinder a conduction of outcomes research. Although the incidence of ICC has significantly
increased in many areas, the clinicopathologic features and surgical outcomes of this neoplasm are not fully
understood because of the limited number of cases''. Given patients with ICC have a poor prognosis and no
adequate treatment options, studies that can clarify their survival and prognostic factors are important and
informative. The aim of this study was to investigate long-term survival and to identify the prognostic factors
for survival in patients with ICC.

Material and methods

Study population

This study examined patients who were newly diagnosed with ICC from two national databases, the Taiwan
Cancer Database (TCDB, 2004 to 2006) and the Taiwan Cancer Registry (TCR, 2007 to 2018). Those who had
a diagnosis of liver malignancy (code C22) of International Classification of Diseases for Oncology-3rd edition
(ICD-0-3) in these databases during January 2004 to December 2018 were initially identified and their informa-
tion of demographic, disease specification and treatment profiles were retrieved. National administrative has initi-
ated national cancer registry since 2002 to facilitate comprehensive cancer research. Both data sets are prospective
databases that regularly accumulate histopathology, treatment and outcome profiles of cancer patients who have
been reported by well-trained registry professionals from accredited hospitals. These databases, endorsed by the
government (Health Promotion Administration), cover approximately 85% of the newly-diagnosed liver cancer
patients in Taiwan and provide cancer staging, treatment profiles and follow-up status of individual patients'?.

Analysis cohort

Patients were excluded from this study for the following criteria: whose age were younger than 25 years or older
than 85 years, who had a pathology report that did not indicate ICC (ICD-O-3 histology code 8160 bile duct
adenocarcinoma), and who survived less than 3 months.

Independent variables

Related demographic, clinical, pathological and therapeutic data of patients with ICC were extracted from
the TCDB and the TCR. Possible prognostic variables included patient characteristics (age, gender, diabetic
comorbidity, body mass index, smoking behavior and drinking habit), disease characteristics [tumor size,
tumor number, histological grade of cell differentiation, TNM stage, vascular invasion, background hepatitis
profile, cirrhosis, preoperative highest bilirubin and alpha-fetoprotein (AFP) level] and therapeutic character-
istics [surgery, resection margin, transarterial chemoembolization (TAE), chemo-radiation and nucleoside/
nucleotide analogue therapy]. Body mass index (BMI, kg/m?) is derived by dividing bodyweight in kilogram by
squared height in meters. Background hepatitis profile (virus-related status) referred to status of no hepatitis B
virus (HBV)/hepatitis C virus (HCV) infection, HBV infection, HCV infection, and HBV/HCV co-infection.
nucleoside/nucleotide analogue (NA) therapy referred to patients who took at least one of the following drugs as
antiviral therapy for chronic HBV infection: lamivudine, entecavir, telbivudine, adefovir dipivoxil, and tenofovir
disoproxil'®. To obtain details of diabetes, cirrhosis, and antiviral therapy, we needed to connect the TCDB and
the TCR databases to a third database, the National Health Insurance Research Database (NHIRD). The NHIRD
(from the National Health Insurance Administration) contains claims data of healthcare usage from patients
under National Health Insurance (NHI). Because the insurance system in Taiwan is a single-payer system, this
database covered healthcare billing services for nearly all citizens. Therefore, data for all beneficiaries could be
accurately extracted. Finally, the cohort was divided into the surgery and the no surgery groups, based on initial
treatment. Patients without liver resection would be assigned to the no surgery group.

Dependent variables

The primary end point was overall survival (OS), defined as the time from date of initial diagnosis of ICC to date
of death from any cause. The secondary end point included cancer-specific survival (CSS, defined as the time
from date of initial diagnosis of ICC to date of death from cancer-specific cause), disease-free survival (DFS,
or no disease progression, defined as the time from date of initial diagnosis of ICC to date of local recurrence,
distant metastasis and any sign of disease progression), and local recurrence. Survival conditions (OS and CSS)
were queried from a fourth database, the National Register of Deaths (2004-2020), while the last two (DFS and
local recurrence) were obtained from the TCDB and the TCR. The institutional review board at the Taipei City
Hospital approved this study and waived informed consent (TCHIRB-11002008-W).

Statistical analysis

Because either assigning to the surgery or the no surgery groups might not be randomized in daily practices (due
to general condition, disease severity or doctor’s preference), we employed propensity score matching (PSM)
method to decrease this selection bias and make the known prognostic factors balanced'®. The individualized
propensity score derived from the logistic regression (surgery as dependent variable) was matched via a one-
to-one approach (greedy nearest neighbor with caliber matching) and yielded final paired patients who had the
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closest estimated propensity score within 0.25 standard deviation (SD). Patient-specific demographic, clinical,
pathological and therapeutic variables were reported as percentages or means + SD. Categorical variables were
compared by the Chi-square test and continuous variables were compared by Student’s t test to assess the aver-
age of a normal distribution. Univariate and multivariate Cox proportional hazards model were fitted using
potential prognostic factors. Subgroup multivariate analyses were conducted in stages I-IIT or stage IV disease.
A hazard ratio (HR) with 95% confidence interval (CI) of estimate was reported. Finally, Kaplan-Meier curves
were plotted to display the survival of patients in terms of OS, CSS, DFS, and local recurrence and the log-rank
tests were used to compare across groups. We used SAS 9.4 software (SAS Institute Inc., Cary, North Carolina)
for the initial database merging process and SPSS Statistics 21 software for data management and statistical
analyses. All P values were two-sided and the significance level was specified as P <0.05.

Results

In the beginning, we identified 147,384 patients who were newly diagnosed with liver cancer from January
1, 2004 to December 31, 2018. Only 7.6% of these patients (N=11,251) had been newly diagnosed with ICC.
After exclusion for patients who had not been followed up for at least 3 months (N =3022), whose age were not
between 25 and 85 years (N =251) and who had unspecified tumor stage (N =38), a total of 7,940 patients with
ICC (mean age 63.8 + 11.2 years) met the inclusion criteria and were selected (Fig. 1). After PSM algorithm (1:1),
final 969 pairs (N =1938) of patients were matched according to initial surgery or not, and were eligible for this
study. The comparison of demographic, clinical and therapeutic characteristics between before matched patients
(N'=7940) and after matched patients (969 pairs, N =1938) are summarized in Table 1. Before PSM, male patients
represented 55.8% (4428/7940) of the cohort. A higher incidence of ICC occurred in patients with ages between
65 and 74 years old (mode: 69 years). Only 32.3% (2,563/7,940) of patients had undergone surgery as initial

Patients with liver cancer (2004-2018) assessed for eligibility
(n=147,384)

Excluded (n = 136,133)
m Pathology report did not indicate

a intrahepatic cholangiocarcinoma

(n=136,133)

Y

Patients with intrahepatic cholangiocarcinoma
(n=11,251)

Excluded (n =3,311)
= Follow-up < 3 months (n = 3,022)
—p = Age <25 years (n=06),
> 85 years (n = 245)
= Unspecified tumor stage (n = 38)

Y

Patients (unmatched cohort)

(n = 7,940)

PSM > Unpaired propensity score

(n = 6,002)

No surgery group (n = 969) Surgery group (n =969)

Figure 1. Scheme of patient enrollment. PSM: propensity score matching.
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Before propensity score matching After propensity score matching

Overall No surgery | Surgery Overall No surgery | Surgery

N=7940 N=5377 N=2563 N=1938 N=969 N=969
Variables N (%) n (%) n (%) P N (%) n (%) n (%) P
Age group (years) <0.001 0.710
25-54 2365 (29.8) 1509 (28.1) 856 (33.4) 637 (32.9) 311(32.1) 326 (33.6)
55-64 1649 (20.8) | 1096 (20.4) | 553 (21.6) 431(222) |213(22.0) |218(22.5)
65-74 2441 (30.7) 1615 (30.0) | 826 (32.2) 567 (29.3) 285 (29.4) 282 (29.1)
75-85 1485 (18.7) 1157 (21.5) | 328 (12.8) 303 (15.6) 160 (16.5) 143 (14.8)
Gender 0.040 1.000
Male 4429 (55.8) | 3042 (56.6) 1387 (54.1) 1030 (53.1) | 515 (53.1) 515 (53.1)
Female 3511 (44.2) | 2335(43.4) 1176 (45.9) 908 (46.9) 454 (46.9) 454 (46.9)
Cell grade <0.001 0.260
Well differentiated 350 (4.4) 94 (1.7) 256 (10.0) 152 (7.8) 78 (8.0) 74 (7.6)
Moderately differentiated 1884 (23.7) | 581(10.8) 1303 (50.8) 978 (50.5) 471 (48.6) 507 (52.3)
Poorly differentiated or undif-| 136, (17.2) | 669 (12.4) | 695 (27.1) 808 (417) | 420 (433) | 388 (40.0)
Unknown 4342 (54.7) 4033 (75.0) 309 (12.1)
Primary tumor size <0.001 <0.001
<5.0cm 2410 (30.4) 1107 (20.6) 1303 (50.8) 634 (32.7) 258 (26.6) 376 (38.8)
5.0-9.9 cm 2719 (34.2) 1782 (33.1) | 937 (36.6) 862 (44.5) 433 (44.7) 429 (44.3)
>10.0 cm 1078 (13.6) | 858 (16.0) | 220 (8.6) 328(169) | 223(23.0) | 105 (10.8)
Unknown 1733 (21.8) 1630 (30.3) 103 (4.0) 114 (5.9) 55 (5.7) 59 (6.1)
Diabetic comorbidity 0.028 0.145
Nil 6,238 (78.6) | 4,262 (79.3) | 1,976 (77.1) 1493 (77.0) | 760 (78.4) | 733 (75.6)
Yes 1,702 (21.4) | 1,115 (20.7) | 587 (22.9) 445 (23.0) | 209 (21.6) | 236 (24.4)
History of cirrhosis <0.001 0.456
No 4894 (61.6) | 3179 (59.1) 1715 (66.9) 1363 (70.3) | 689 (71.1) 674 (69.6)
Yes 2231(28.1) | 1455(27.1) | 776 (30.3) 575(29.7) | 280(28.9) | 295 (30.4)
Unknown 815(10.3) 743 (13.8) 72 (2.8)
B (b o) i
<1.3 mg/dL 7595 (95.7) | 5129 (95.4) | 2466 (96.2) 1841 (95.0) | 924 (95.4) 917 (94.6)
>1.3 mg/dL 345 (4.3) 248 (4.6) 97 (3.8) 97 (5.0) 45 (4.6) 52 (5.4)
Background hepatitis profile <0.001 0.180
Nil 6629 (83.5) | 4556 (84.7) | 2073 (80.9) 1591 (82.1) | 812(83.8) 779 (80.4)
HBV infection 787 (9.9) 487 (9.1) 300 (11.7) 221 (11.4) 96 (9.9) 125 (12.9)
HCYV infection 366 (4.6) 234 (4.4) 132 (5.2) 86 (4.4) 43 (4.4) 43 (4.4)
Both HEV and HCVinfee- | 155 2.0) | 100(19) | 58(23) ey (1809|2203
Stage <0.001 0.053
I 1221 (15.4) 394 (7.3) 827 (32.3) 218 (11.2) 102 (10.5) 116 (12.0)
i 1018 (12.8) | 434 (8.1) 584 (22.8) 281 (14.5) | 129(133) | 152(15.7)
I 1283 (16.2) | 758 (14.1) 525(20.5) 305 (15.7) 141 (14.6) 164 (16.9)
v 4418 (55.6) | 3791 (70.5) | 627 (24.5) 1134 (58.5) | 597 (61.6) 537 (55.4)
T <0.001 <0.001
Oand1 1941 (24.4) | 663 (12.3) 1278 (49.9) 472 (24.4) 151 (15.6) 321(33.1)
2 1994 (25.1) 1316 (24.5) | 678 (26.5) 629 (32.5) 322(33.2) 307 (31.7)
3 1621 (20.4) 1230 (22.9) 391 (15.3) 456 (23.5) 282 (29.1) 174 (18.0)
4 1100 (13.9) | 901 (16.8) | 199 (7.8) 288 (14.9) | 135(13.9) | 153 (15.8)
9 1284 (16.2) 1267 (23.6) 17 (0.7) 93 (4.8) 79 (8.2) 14 (1.4)
N <0.001 0.109
0 5163 (65.0) | 3210 (59.7) | 1953 (76.2) 1087 (56.1) | 526 (54.3) | 561 (57.9)
1 2777 (35.0) | 2167 (40.3) | 610 (23.8) 851 (43.9) 443 (45.7) 408 (42.1)
Body mass index <0.001 0.780
<25.0kg/m 2 2684 (33.8) 1737 (32.3) 947 (36.9) 780 (40.2) 403 (41.6) 377 (38.9)
25.0—29.9 1292 (16.3) | 740 (13.8) | 552 (21.5) 394 (20.3) | 173(17.9) | 221 (22.8)
>30 kg/m2 348 (4.4) 192 (3.6) 156 (6.1) 114 (5.9) 53 (5.5) 61 (6.3)
Continued
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Before propensity score matching After propensity score matching

Overall No surgery | Surgery Overall No surgery | Surgery

N=7940 N=5377 N=2563 N=1938 N=969 N=969
Variables N (%) n (%) n (%) P N (%) n (%) n (%) P
Unknown or missing 3616 (45.5) | 2708 (50.4) | 908 (35.4) 650 (33.5) 340 (35.1) 310 (32.0)
Drinking habit <0.001 0.095
Never alcohol intake 3224 (40.6) | 1975(36.7) | 1249 (48.7) 983 (50.7) | 476 (49.1) | 507 (52.3)
Habitual drink 417 (5.3) 261 (4.9) 156 (6.1) 107 (5.5) 46 (4.7) 61 (6.3)
Quit or rare 813 (10.2) 546 (10.2) 267 (10.4) 215 (11.1) 119 (12.3) 96 (9.9)
Missing or unknown 3486 (43.9) | 2595 (48.3) | 891 (34.8) 633(327) |328(33.8) |305(31.5)
Smoking behavior <0.001 0.068
Never smoke 2973 (37.4) 1811 (33.7) 1162 (45.3) 918 (47.4) 434 (44.8) 484 (49.9)
Ever smoke 1485(18.7) | 974(18.1) | 511(19.9) 390 (20.1) | 208 (21.5) | 182(18.8)
Unknown or missing 3482 (43.9) | 2592(48.2) | 890 (34.7) 630 (32.5) 327 (33.7) 303 (31.3)
TAE <0.001 <0.001
No 4696 (59.1) | 2790 (51.9) 1906 (74.4) 1008 (52.0) | 384 (39.6) 624 (64.4)
Yes 3244 (40.9) | 2587 (48.1) | 657 (25.6) 930 (48.0) | 585(60.4) | 345 (35.6)
Chemotherapy <0.001 <0.001
Nil 4737 (59.7) | 2821 (52.5) 1916 (74.8) 1034 (53.4) | 411 (42.4) 623 (64.3)
Yes 3203 (40.3) | 2556 (47.5) | 647 (25.2) 904 (46.6) | 558 (57.6) | 346 (35.7)
Radiotherapy <0.001 0.012
Nil 6599 (83.1) | 4381 (81.5) |2218(86.5) 1556 (80.3) | 756 (78.0) 800 (82.6)
Yes 1341 (16.9) | 996 (18.5) 345 (13.5) 382 (19.7) 213 (22.0) 169 (17.4)
Chemo-radiotherapy <0.001 <0.001
Nil 4233 (53.3) | 2447 (45.5) 1786 (69.7) 901 (46.5) 327 (33.7) 574 (59.2)
Chemotherapy 2366 (29.8) 1934 (36.0) | 432 (16.9) 655 (33.8) 429 (44.3) 226 (23.3)
Radiotherapy 504 (6.3) 374 (7.0) 130 (5.1) 133 (6.9) 84 (8.7) 49 (5.1)
Chemo-radiotherapy 837 (10.5) 622 (11.6) 215 (8.4) 249 (12.8) 129 (13.3) 120 (12.4)
Sorafenib 0.458 0.057
No 7848 (98.8) | 5318(98.9) | 2530 (98.7) 1910 (98.6) | 950 (98.0) 960 (99.1)
Yes 92 (1.2) 59 (1.1) 33(1.3) 28 (1.4) 19 (2.0) 9(0.9)
Antiviral therapy <0.001 0.901
No 6898 (86.9) | 4750 (88.3) | 2148 (83.8) 1634 (84.3) | 816(84.2) 818 (84.4)
Yes 1042 (13.1) | 627 (11.7) | 415(16.2) 304 (15.7) | 153(15.8) | 151 (15.6)

Table 1. Demographic, clinical and therapeutic characteristics of patients with intrahepatic
cholangiocarcinoma during 2004-2018. N, n: number; stage I to III, according to the 6th edition of

the American Joint Committee on Cancer (AJCC) classification on liver cancer; TAE: transarterial
chemoembolization; HBV: hepatitis B virus; HCV: hepatitis C virus; Antiviral therapy: nucleoside/nucleotide
antiviral agents (including lamivudine, entecavir, telbivudine, adefovir dipivoxil, tenofovir disoproxil); SD:
standard deviation. Because of rounding, percentages may not add up to 100%.

treatment for ICC. Patients with a tumor size measured between 5 and 10 cm (2719/7940, 34.2%) outnumbered
those with a tumor size measured less than 5 cm (2410/7940, 30.4%). Most patients had multiple tumors (54.7%,
2891/5281) and known vascular invasion (58.1%, 3881/6685). The majority of patients were diagnosed as stage
IV disease (55.6%, 4418/7940), followed by stage III (16.2%, 1283/7940), then by stage I (15.4%, 1221/7940).
For those patients who underwent curative intent surgery, pathology showed that 27.4% (240/876) of patients
had a safety resection margin of 0.2 cm or less. Underlying disease of chronic infection with HBV and HCV
were found in 9.9% (787/7940) and 4.6% (366/7940) of the cohort, respectively. Cirrhosis and diabetes mellitus
occurred in 28.1% (2231/7940) and 21.4% (1702/7940) of all cohort. The percentages of patients who received
chemotherapy or radiotherapy were 40.3% (3203/7940) and 16.9% (1341/7940), respectively. A total of 1042
patients (13.1%, 1042/7940)) took NAs as an antiviral therapy for chronic HBV infection. Around nineteen
percent (18.7% 1485/7940) and 15.5% (1230/7940) of the cohort had history of habitus of smoking and alcohol,
respectively. For those whose data were available, 37.9% (1640/4324) of patients had BMI greater than 25 kg/m?.
The median follow-up time was 80.8 months (range from 24 to 203 months). The overall mortality rates at the end
of study were 69.6% (5530/7940) and 71% (1376/1938) for the unmatched and the matched cohorts, respectively
(Table 2). The rates of stable disease at the end of study were 15.3% (1215/7940) and 17.5% (339/1938) for the
unmatched and the matched cohorts, respectively.

Before PSM, many baseline characteristics between the two groups (surgery or not) were significantly dif-
ferent. Patients with cirrhosis, older age, higher grade, BMI and higher tumor stage had a lower probability of
undergoing surgery (Table 1, left columns). After PSM (based on gender), most baseline characteristics such as
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Unmatched (before propensity score matching) Matched (after propensity score matching)
Surgery Surgery
No Yes
(N=5377) (N=2563) Surgery versus no surgery No (N=969) | Yes (N=969) | Surgery versus no surgery
Outcome Unadjusted Unadjusted
variables n (%) n (%) HR P Adjusted HR | P n (%) n (%) HR P Adjusted HR | P
Overall 0.96 0.65 0.92 0.69
sarvival 1335 248) | 1075(419) | (ge 103y | 0257 | (ggo_o7n) | <0001 |221(228) [341(352) | (g 09 0348 | (o) g7g) | <0001
Cancer-spe- 1.21 0.60 1.06 0.65
cific survwal | 2515 (468) | 1543(602) | (73 ) g0 | <0001 | (s (o | <0001 |390(40.2) | 512(528) | (o3 151y | 0393 | (osyg7g | <0001
Disease-free 0.25 0.45 0.34 0.54
saroival 148 (2.8) 1067 (416) | (67 g30) | <0001 | (4 a9y | <0001 |44(45) 295304 | (D4 046 | <0001 | (gs 060) | <0001
Local recur- 0.24 0.38 0.28 0.46
. 224 (4.2) 1330 (519) | (671 g2g) | <0001 | (035.0.41) | <0001 |59(6.1) 397(410) | 31037y | <0001 | (01 51y | <0001
Table 2. Hazards ratio of outcomes regarding surgery versus no surgery as initial treatment for patients with
intrahepatic cholangiocarcinoma during 2004-2018. HR: hazard ratio; CI: confidence interval.
age, grade, cirrhosis, BMI and bilirubin level were indifferent between the two groups (Table 1, right columns).
Figure 2 shows the surgery group was associated with better OS and CSS than the no surgery group (all P
values <0.001). The OS rates at 1-, 3-, 5-year in the surgery and the no surgery groups (matched cohort) were
72.4%, 44.0%, 36.4% and 48.3%, 26.0%, 23.7%, respectively. However, only the surgery (liver resection) group of
the unmatched cohort had median CSS longer than 9 years. Figure 3 shows the difference between the surgery
and the no surgery groups regarding disease progression and local recurrence (left: unmatched cohort; right:
matched cohort). Curves ran smoothly about 2 years after initial diagnosis. The surgery group was associated with
less disease progression and local recurrence than the no surgery group (all P values <0.001). The magnitude of
difference decreased between the two groups in the matched cohort. Figure 4 shows the difference between the
surgery and the no surgery groups regarding OS according to tumor stages in the matched cohort. The surgery
group was associated with improved OS, in which patients with stage I disease had the best outcome. Favorable
3-, 5-, and 8-year OS rates (77.0%, 70.7%, and 59.8%, respectively) were noted in patients with stage I disease of
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Figure 2. Overall survival (OS; upper left: unmatched cohort; upper right: matched cohort) and cancer-specific
survival (CSS; lower left: unmatched cohort; lower right: matched cohort). The OS rates at 1-, 3-, 5-year in the
surgery and the no surgery groups were 72.4%, 44.0%, 36.4% and 48.3%, 26.0%, 23.7%, respectively (matched
cohort). Solid line: surgery group; dotted line: no surgery group.
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Figure 3. Disease progression (DP; upper left: unmatched cohort; upper right: matched cohort) and local
recurrence (LR; lower left: unmatched cohort; lower right: matched cohort). Solid line: surgery group; dotted

line: no surgery group.

the surgery group (matched cohort). However, in patients with stages III and IV disease, the differences between
the surgery and the no surgery groups were smaller than that for the stage I. The surgery advantage seemed poor
in patients with stages III and IV disease except that it was slightly better for patients with stage III 1 to 3 years
after initial diagnosis.

In multivariate Cox proportional hazards model (Table 2), the surgery group was significantly associated
with better OS than the no surgery group in both the unmatched (HR 0.65, 95% CI 0.60-0.71, P<0.001) and
the matched cohorts (HR 0.69, 95% CI 0.62-0.78, P<0.001), respectively. The surgery group was significantly
associated with better DFS and less local recurrence than those of the no surgery group in both the unmatched
and the matched cohorts, either by univariate or multivariate Cox proportional hazards models.

Table 3 summarizes subgroup analysis of patients with stages I-III disease in the matched cohort. Surgery,
age of diagnosis, tumor size, preoperative highest AFP level, vascular invasion and chemotherapy were associ-
ated with OS. Surgery, age of diagnosis, tumor size, preoperative highest AFP level, vascular invasion, diabetes
and chemotherapy were associated with CSS. Patients who had received chemotherapy had better OS (HR 0.39,
95% CI0.23-0.65, P<0.001) and CSS (HR 0.35, 95% CI 0.18-0.67, P=0.002), respectively. Surgery, lower tumor
grade (well/moderate differentiated vs. poorly differentiated, HR 0.76, 95% CI 0.64-0.91, P=0.003), tumor size,
preoperative highest AFP level and vascular invasion were associated with prognosis of DFS. Surgery, tumor
grade (well/moderate differentiated vs. poorly differentiated, HR 0.78, 95% CI 0.64-0.94, P=0.010), tumor size,
preoperative highest AFP level, tumor number (multiple vs. single, HR 1.75, 95% CI 1.05-2.94, P=0.032) and
vascular invasion were associated with local recurrence. Results of subgroup analysis of patients with stage IV

disease are displayed in Table 4. Surgery, age of diagnosis, tumor number and vascular invasion were associated
with OS. Surgery, age of diagnosis, tumor number, vascular invasion and BMI (=30.0 kg/m? vs. <30.0 kg/m?,
HR 1.42,95% CI 1.06-1.91, P=0.019) were associated with CSS. Surgery, tumor size, preoperative highest bili-
rubin level, preoperative highest AFP level and vascular invasion were associated with DFS and local recurrence.
Chemotherapy was not associated with improved OS, CSS, DFS and local recurrence in patients with stage IV
disease. Radiotherapy was associated with insignificant smaller HR (0.47, 95% CI 0.21-1.08, P=0.076) in CSS.

Discussion
Long-term outcomes for patients with ICC were poor as observed in the current study. Intrahepatic cholangio-

carcinoma accounted for less than 8% of primary liver malignancy, and only 32.3% of patients with ICC could
initially be managed with liver resection. Most patients (55.6%) presented with stage IV disease when first
diagnosed. About 72% of patients with ICC were found to have severe (stage III or IV) disease initially. This
condition inherently contributed to the poor prognosis of patients with ICC. Surgery was associated with better
outcomes for patients with all stages, though surgical benefit attenuated as stage aggravated. Chemotherapy might
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Figure 4. Overall survivals (matched cohort) by stages (upper left: stage I; upper right: stage II; lower left: stage
III; lower right: stage IV). For those patients with stage I disease of the surgery group (matched group), favorable
3-, 5-, and 8-year overall survival rates (77.0%, 70.7%, and 59.8%, respectively) were noted. Solid line: surgery
group; dotted line: no surgery group.

be associated with improved prognosis only in patients with disease of stage III or less. The use of chemotherapy
for patients with stage IV did not have significant improvement of OS and CSS. The use of radiotherapy was
not associated with improved survival either in patients with stages III or IV disease. Other prognostic factors
related to OS included age, perioperative AFP level and vascular invasion.

The incidence of ICC in our study (7.6%) was comparable to other large-scale studies. In Japan, Kudo et al.
reported that ICC accounts for 4.4% of primary liver cancer in a population-based study’®. In the USA, ICC
accounts for 10-15% of primary liver cancer'®. Although incidence of cholangiocarcinoma continues to increase,
it increases with greater rate than its counterpart, extrahepatic cholangiocarcinoma in the USAY. Compared to
19.1% of our cohort (unmatched cohort, 457/2389), the Japanese reported a smaller positive margin existed in
13.4% of patients undergoing liver resection for ICC'. A surgical margin of less than 0.2 cm was noted in 27.4%
of our cohort which was higher than that reported by Ikai et al. as 18.4% in 434 Japanese patients with ICC who
underwent partial hepatectomy'®. Liver resection and negative surgical margin involved might provide the best
opportunity to improve survival in patients with ICC. Yet, Spolverato et al. investigated 584 patients with ICC
who underwent surgery with curative intent at multiple centers and found that the overall probability of cure
for liver resection was approximately 10%". They reported 1-, 3-, and 5-year OS rates were 75%, 37%, and 22%,
respectively, which were comparable to our results of 72.4%, 44.0%, and 36.4%, respectively (matched cohort).
In our study (unmatched cohort), 32.3% (2563/7940) of patients underwent liver resection for treatment of ICC.
The figure was also higher than 20.8% (portion of surgery group) from the Surveillance, Epidemiology and End
Results (SEER) database?.

Our study also found several prognostic factors in patients with ICC. Prognostic factors for improved OS
included surgery, younger age, smaller tumor size, no vascular invasion, while factors relating less DFS and more
local recurrence included poor cell differentiation and simultaneous multiple tumors. But in the current study,
we failed to prove that gender, cell grade and radiotherapy were associated with OS as those in the multivariate
analysis of SEER study®’. For prognostic factors, Ali et al. investigated patients with ICC who underwent surgery
at a single-center in the USA and showed significantly worse survival in those with microvascular invasion, large
tumor size, higher grade disease, multiple tumors and positive lymph nodes, while a negative resection margin
was associated with better survival*'. Similarly, a study from Uenishi et al. showed that tumor size greater than
5 cm, multifocality, nodal metastases, and HCV infection were predictors of poor prognosis in Japanese patients
who underwent curative resection for mass-forming ICC*. Again, our results failed to show that HCV infection
was a poor prognostic factor in patients with ICC who underwent liver resection. However, there was only 4.6%
of the unmatched cohort of the current study had HCV infection. Another study using an international Eastern
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Overall survival Cancer-specific survival Disease-free survival Local recurrence
Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
:ieﬁ*:l(;‘;r)gery treat- <0.001 <0.001 <0.001 <0.001
Yes 0.58 (0.48-0.71) 0.54 (0.43-0.68) 0.47 (0.39-0.57) 0.39 (0.32-0.48)
Age, years (55-64) <0.001 0.011 0.706 0.496
25-54 0.71 (0.54-0.92) 0.011 0.74 (0.54-1.02) 0.062 0.96 (0.75-1.23) 0.746 0.91 (0.70-1.18) 0.462
65-74 0.98 (0.77-1.24) 0.845 0.91 (0.68-1.22) 0.524 1.05 (0.84-1.33) 0.655 1.05 (0.83-1.34) 0.669
75-85 1.39 (1.07-1.81) 0.013 1.39 (1.01-1.91) 0.046 1.17 (0.90-1.52) 0.249 1.18 (0.90-1.56) 0.229
Gender (male) 0.848 0.543 0.620 0.937
Female 0.98 (0.81-1.19) 1.08 (0.85-1.37) 1.05 (0.87-1.26) 0.99 (0.82-1.21)
Eriflfi)rfl:)“ati"n (poor | g7 0.554 0.009 0.027
Well or moderate 0.95 (0.79-1.15) 0.603 1.01 (0.80-1.27) 0.944 0.76 (0.64-0.91) 0.003 0.78 (0.64-0.94) 0.010
Unknown 1.00 (0.62-1.61) 0.983 1.35 (0.78-2.35) 0.282 0.74 (0.48-1.13) 0.160 0.75 (0.48-1.17) 0.201
Tumor size, cm (<5.0) 0.002 0.002 <0.001 <0.001
5.0-9.9 1.50 (1.21-1.85) <0.001 1.60 (1.23-2.08) <0.001 1.59 (1.29-1.94) <0.001 1.58 (1.27-1.96) <0.001
>10.0 1.47 (1.09-2.00) 0.013 1.75 (1.22-2.50) 0.002 1.54 (1.15-2.07) 0.004 1.57 (1.16-2.13) 0.004
Unspecified 1.33 (0.96-1.85) 0.084 1.42 (0.94-2.15) 0.094 1.26 (0.92-1.74) 0.156 1.38 (0.99-1.93) 0.055
Diabetes (no) 0.154 0.027 0.869 0.792
Yes 1.16 (0.95-1.44) 1.33 (1.03-1.70) 0.98 (0.81-1.20) 1.03 (0.84-1.27)
Xl{rg:, :ilfa;fggsmb 0.853 0.168 0914 0.488
E?eljti\; or HCV 1.10 (0.85-1.42) 0.483 1.37 (1.01-1.86) 0.045 0.99 (0.77-1.28) 0.944 0.96 (0.73-1.25) 0.748
HCYV infection 0.96 (0.67-1.37) 0.821 0.97 (0.61-1.53) 0.878 0.90 (0.63-1.29) 0.562 0.74 (0.49-1.10) 0.132
HBV & HCV infection | 1.14 (0.66-1.98) 0.628 1.47 (0.77-2.81) 0.238 1.11 (0.64-1.93) 0.712 1.07 (0.59-1.96) 0.816
Cirrhosis (no) 0.619 0.567 0.873 0.871
Yes 1.05 (0.87-1.28) 1.07 (0.85-1.35) 0.99 (0.82-1.19) 0.98 (0.81-1.20)
Bilirubin (< 1.3 mg/dL) 0.535 0.642 0.437 0.788
1.3-6.0 mg/dL 1.29 (0.73-2.30) 0.384 1.09 (0.54-2.18) 0.819 0.76 (0.39-1.51) 0.437 0.89 (0.45-1.77) 0.748
>6.1 mg/dL 0.72 (0.27-1.91) 0.509 0.60 (0.20-1.81) 0.367 1.52 (0.67-3.45) 0.318 1.31 (0.54-3.20) 0.549
Perioperative
a-fetoprotein level 0.003 <0.001 0.158 0.072
(<20 ng/ml)
20-400 ng/ml 1.15 (0.78-1.70) 0.485 1.29 (0.84-1.98) 0.249 0.96 (0.67-1.37) 0.804 1.00 (0.69-1.45) 0.990
401-6000 ng/ml 1.17 (0.50-2.74) 0.712 1.28 (0.53-3.10) 0.579 1.05 (0.49-2.21) 0.908 1.14 (0.53-2.44) 0.741
>6000 ng/ml 53.48 (6.62- > 100) <0.001 >100 (13.05->100) | <0.001 13.6 (1.74->100) 0.013 17.67 (2.24->100) 0.006
Unknown 0.76 (0.49-1.20) 0.237 0.76 (0.45-1.27) 0.291 0.92 (0.63-1.35) 0.681 0.84 (0.55-1.26) 0.390
(Ts‘i‘r‘;‘l’e')“umber 0.220 0.483 0.059 0.032
At least two 1.39 (0.82-2.33) 1.27 (0.65-2.5) 1.61 (0.98-2.7) 1.75 (1.05-2.94)
Vascular invasion (no) 0.001 0.015 0.002 0.001
Yes 2.81 (1.65-4.79) <0.001 2.65 (1.34-5.26) 0.005 2.33(1.41-3.86) 0.001 2.56 (1.52-4.30) <0.001
Unspecified 0.88 (0.39-1.97) 0.755 0.72 (0.25-2.07) 0.545 0.73 (0.37-1.46) 0.377 0.59 (0.28-1.26) 0.174
TAE (no) 0.094 0.092 0.619 0.433
Yes 1.43 (0.94-2.16) 1.52 (0.94-2.47) 1.10 (0.75-1.63) 1.17 (0.79-1.75)
?fgg(r)nf;/snfg)lex 0.170 0.281 0.330 0.189
>30.0 kg/m? 0.78 (0.50-1.20) 0.260 0.82 (0.5-1.34) 0.421 0.83 (0.56-1.24) 0.363 0.86 (0.57-1.29) 0.461
Unspecified 1.59 (0.85-2.96) 0.148 1.65 (0.79-3.44) 0.183 1.40 (0.78-2.51) 0.258 1.64 (0.90-2.97) 0.104
gn“:(‘)’ll{‘;‘r‘)g status (non- 0.743 0.983 0.084 0.074
Smoker 1.02 (0.72-1.44) 0.920 1.02 (0.68-1.52) 0.943 0.97 (0.7-1.34) 0.865 0.99 (0.71-1.38) 0.942
Unspecified 0.44 (0.06-3.58) 0.444 >100 (0->100) 0.865 0.10 (0.01-0.77) 0.027 0.09 (0.01-0.72) 0.023
E;:Ll::lgc (})‘k‘:})’ll; (never 0.646 0.987 0.067 0.095
Habitual drink 1.25 (0.73-2.16) 0.417 1.01 (0.51-1.99) 0.980 1.46 (0.89-2.39) 0.136 1.38 (0.82-2.32) 0.220
Quit or rare 1.14 (0.77-1.68) 0.516 1.08 (0.69-1.68) 0.746 1.17 (0.81-1.68) 0.408 1.08 (0.73-1.59) 0.706
Unspecified 2.59 (0.33-20.01) 0.363 0 (0->100) 0.859 10.15 (1.31-78.55) 0.026 10.57 (1.34-83.48) 0.025
Chemotherapy (no) <0.001 0.002 0.151 0.132
Continued
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Overall survival Cancer-specific survival Disease-free survival Local recurrence
Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Yes 0.39 (0.23-0.65) 0.35 (0.18-0.67) 0.74 (0.48-1.12) 0.71 (0.46-1.11)
Radiotherapy (no) 0.534 0.992 0.134 0.168
Yes 0.82 (0.44-1.53) 1.00 (0.48-2.08) 1.48 (0.89-2.47) 1.47 (0.85-2.52)

Table 3. Multivariate Cox proportional hazards model of various outcomes in patients with stages I-III
intrahepatic cholangiocarcinoma (N =804). HR: hazard ratio; CI: confidence interval; TAE: transarterial
chemoembolization; HBV: hepatitis B virus; HCV: hepatitis C virus.

and Western multicenter dataset showed that older age at diagnosis, tumor size, multiple tumors, cirrhosis, lymph
node metastasis, and macrovascular invasion were factors predicting survival?. In subgroup analysis, Spolverato
et al. investigated patients with large or multifocal ICC and revealed that prognostic factors associated with a
worse OS included more than three tumor nodules, nodal metastasis, and poor differentiation®.

The prognostic significance of chronic hepatitis virus infection for outcomes in patients with ICC has seldom
been investigated due to the small number of patients. Recently, an increasing number of studies have shown
that viral hepatitis B and C are statistically related to ICC?. The result of our prognostic significance of HBV
for surgical patients with ICC was consistent with studies of Zhou et al., who examined the prognosis of ICC
after liver resection in regard to chronic HBV infection and showed HBV infection was a favorable prognos-
tic factor??¢. They suggested HBV-associated ICC might have a better survival rate than those without HBV
infection. Another study showed that patients with antiviral therapy had lower 5-year cumulative incidence
of ICC than those without antiviral therapy and suggested that antiviral therapy with NA might contribute to
preventing HBV-associated ICC¥. While there is still no robust evidence indicating that antiviral therapy plays
an important role in the prognosis of patients with ICC, our current data did show that patients with stages I-III
disease without virus infection history had poor CSS (HR 1.37, 95% CI 1.01-1.86, P=0.045) than those with
HBYV infection history.

In Europe, Bektas et al. advocated that surgical resection was still the best treatment option for patients with
ICC in regard to long-term survival whereas adjuvant chemotherapy did not significantly improve survival®®. In
a population-based survey in the USA that included 2,751 patients with ICC who underwent surgery, Miura et al.
showed that the use of chemotherapy was associated with a survival benefit only for patients with nodal metas-
tasis, advanced tumor stage, or an inadequate surgical resection, but that patients with NO disease (i.e., node-
negative) derived no benefit from chemotherapy®. The effectiveness of adjuvant therapy for patients with ICC
remained inconclusive. As the current study showed, in addition to surgery that was associated with improved
OS, chemotherapy was associated with improved outcomes in the stages I-III, but not in the stage IV. Though
the benefit of radiotherapy in our study was insignificant, it probably could be reserved as a modality to patients
who could not be a candidate for surgery. Recently, a research using National Cancer Data Base from the USA
has proposed that ablative liver radiotherapy could be considered for unresected ICC*. A prior expert consensus
meeting sponsored by the American Hepato-Pancreato-Biliary Association recommended that patients with
high-risk features (lymphovascular invasion, multicentricity or satellitosis, large tumors) should be encour-
aged to consider adjuvant therapy’!. An investigation of 4,595 patients with ICC disease from the USA showed
chemotherapy and radiotherapy were associated with better survival in patients without surgery®. Furthermore,
combined adjuvant therapy might be applied for certain cases. As the potential radiosensitization effect of 5-fluo-
rouracil, the combination of adjunctive radiotherapy and chemotherapy should theoretically be more effective
than either method alone’. Our results did not show similar results probably due to unselected target patients.

We acknowledge that our study has several limitations. First of all, the treatment option depends on sur-
geons’ discretion and consideration of tumor aggressiveness. To assess whether patients with ICC are suitable
for surgery usually depends on three domains including physiologic, anatomic and biologic aspects, sometimes
along with surgeons’ discretion®?. Thus, it may have impact on the patients’ outcomes. Although we conducted
PSM analysis, the treatment algorithm could not be totally balanced. The PSM algorithm cannot overcome any
bias that is caused by unmeasurable confounders. Second, because the cancer registry did not request hospital
officials to record data of carcinoembryonic antigen (CEA) in patients with liver cancer, we could not control
preoperative CEA in the survival analysis. Third, interventions beside surgery were heterogeneous between the
surgery and non-surgery groups. In addition, the members of our study cohort had been treated in at least 37
different hospitals or medical centers, where treatment algorithm (upfront surgery or not) and follow-up schemes
might not be identical. This somewhat might have an influence on outcomes in patients with ICC. However,
the results of the current study represent the treatment effectiveness that is currently available for patients with
ICC. Finally, the current study included patients with stage IV disease, which had very different outcomes from
those of other stages. But the large percentage of stage IV disease in patients with ICC makes research of such
patients cannot be overlooked. Unfortunately, we did not find any modifiable factors that could be employed to
significantly improve prognosis in patients with stage IV disease. Modern medicine seemed not improve greatly
on the survival of patients with stage IV ICC disease.

In conclusion, the current study investigated the long-term survival of patients with ICC in a national database
level and showed poor prognosis for patients with ICC. The dilemma of diagnosis of ICC in the late stage might
incur difficulty in treatment and therefore contributed to ominous outcome. Surgery conveyed better improve-
ment for prognosis than those who did not undertake surgery as initial treatment in patients with stage I disease.
However, the surgical advantage decreased tremendously in patients with stage II or later stages. In patients
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Overall survival Cancer-specific survival Disease-free survival Local recurrence
Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
:;‘ril‘t*l(;‘;r)gery treat- <0.001 <0.001 <0.001 <0.001
Yes 0.76 (0.65-0.89) 0.71 (0.60-0.85) 0.64 (0.55-0.74) 0.55 (0.47-0.64)
Age, years (55-64) 0.032 0.069 0.616 0.542
25-54 0.99 (0.81-1.21) 0.924 0.91 (0.73-1.14) 0.421 1.07 (0.89-1.27) 0.471 0.99 (0.82-1.19) 0.894
65-74 1.23 (1.04-1.46) 0.019 1.23 (1.02-1.49) 0.031 1.08 (0.92-1.26) 0.371 1.07 (0.91-1.26) 0.417
75-85 1.27 (1.01-1.60) 0.039 1.21 (0.93-1.56) 0.150 1.18 (0.95-1.46) 0.126 1.18 (0.95-1.47) 0.140
Gender (male) 0.503 0.693 0.977 0.898
Female 0.95 (0.81-1.11) 0.96 (0.81-1.15) 1.00 (0.86-1.16) 1.01 (0.87-1.18)
E:gf)f:;imo“ (poor 0.310 0.942 0.208 0.229
Well or moderate 0.90 (0.78-1.04) 0.144 0.99 (0.84-1.16) 0.873 0.95 (0.83-1.08) 0.420 0.98 (0.85-1.13) 0.783
Unknown 0.82 (0.45-1.48) 0.511 0.90 (0.47-1.72) 0.745 0.64 (0.38-1.08) 0.093 0.63 (0.37-1.07) 0.086
Tumor size, cm (<5.0) 0.575 0.598 0.003 0.015
5.0-9.9 1.01 (0.85-1.20) 0.937 1.04 (0.86-1.26) 0.695 1.32 (1.13-1.56) 0.001 1.30 (1.10-1.54) 0.002
=>10.0 0.90 (0.73-1.12) 0.363 0.91 (0.72-1.17) 0.464 1.16 (0.95-1.42) 0.155 1.20 (0.98-1.47) 0.084
Unspecified 1.14 (0.77-1.68) 0.505 0.88 (0.53-1.44) 0.599 0.92 (0.62-1.35) 0.656 0.95 (0.64-1.41) 0.803
Diabetes (no) 0.324 0.323 0.457 0.715
Yes 1.09 (0.92-1.30) 1.10 (0.91-1.34) 1.06 (0.91-1.25) 1.03 (0.87-1.22)
y&%‘@iﬁi‘iﬁ:;‘ms 0.757 0.953 0.657 0.578
E?CI;?O\III or HCV 0.97 (0.74-1.28) 0.852 0.98 (0.72-1.34) 0.896 0.96 (0.75-1.24) 0.772 0.96 (0.74-1.25) 0.779
HCV infection 1.21 (0.83-1.77) 0.328 1.08 (0.68-1.71) 0.754 0.93 (0.65-1.34) 0.700 0.95 (0.65-1.37) 0.774
HBV & HCV infection | 1.11 (0.68-1.82) 0.676 0.86 (0.46-1.63) 0.642 0.74 (0.45-1.21) 0.226 0.69 (0.41-1.17) 0.169
Cirrhosis (no) 0.377 0.203 0.794 0.670
Yes 0.93 (0.78-1.10) 0.88 (0.73-1.07) 1.02 (0.87-1.19) 1.04 (0.88-1.22)
Bilirubin (< 1.3 mg/dL) 0.256 0.022 0.011 0.008
1.3- 6.0 mg/dL 0.86 (0.60-1.24) 0.424 0.66 (0.42-1.02) 0.063 0.98 (0.71-1.37) 0.923 0.86 (0.60-1.22) 0.389
>6.1 mg/dL 1.43 (0.87-2.37) 0.162 1.68 (1.00-2.84) 0.051 2.00 (1.27-3.14) 0.003 2.01 (1.26-3.20) 0.003
Perioperative
a-fetoprotein level 0.716 0.442 0.004 0.002
(<20 ng/ml)
20-400 ng/ml 1.09 (0.84-1.42) 0.525 1.19 (0.90-1.57) 0.230 1.23 (0.97-1.57) 0.092 1.24 (0.96-1.59) 0.095
401-6000 ng/ml 1.34 (0.71-2.53) 0.374 1.62 (0.84-3.11) 0.150 2.52 (1.46-4.35) 0.001 2.63 (1.52-4.55) 0.001
>6000 ng/ml 1.50 (0.60-3.75) 0.391 1.43 (0.51-4.01) 0.493 1.96 (0.86-4.51) 0.112 2.08 (0.90-4.77) 0.086
Unknown 1.08 (0.86-1.36) 0.510 1.06 (0.82-1.36) 0.666 1.10 (0.89-1.36) 0.384 1.11 (0.89-1.38) 0.369
Tumor number (single) 0.007 0.002 0.327 0.446
At least two 1.29 (1.07-1.54) 1.38 (1.13-1.68) 1.09 (0.92-1.29) 1.07 (0.90-1.28)
Vascular invasion (no) <0.001 <0.001 0.001 0.001
Yes 2.24 (1.76-2.83) <0.001 2.39(1.82-3.13) <0.001 1.49 (1.21-1.83) <0.001 1.50 (1.21-1.85) <0.001
Unspecified 1.36 (0.94-1.97) 0.101 1.50 (0.97-2.32) 0.068 1.28 (0.93-1.76) 0.130 1.23 (0.89-1.70) 0.219
TAE (no) 0.761 0.814 0.078 0.075
Yes 1.07 (0.68-1.68) 0.94 (0.58-1.54) 0.7 (0.48-1.04) 0.70 (0.47-1.04)
?fgg_gnlj;r;“z‘)ie" 0.037 0.006 0.166 0.095
230.0 kg/m? 1.23 (0.92-1.64) 0.160 1.42 (1.06-1.91) 0.019 1.06 (0.8-1.39) 0.700 0.89 (0.65-1.21) 0.448
Unspecified 1.89 (1.07-3.32) 0.028 2.08 (1.11-3.89) 0.022 1.64 (0.98-2.76) 0.061 1.72 (1.01-2.93) 0.046
fg(‘)’ll::)g status (non- 0.321 0.087 0.354 0.476
Smoker 0.88 (0.70-1.10) 0.251 0.81 (0.64-1.04) 0.093 0.89 (0.73-1.10) 0.279 0.94 (0.76-1.16) 0.583
Unspecified 0.39 (0.06-2.52) 0.320 0.23 (0.03-1.67) 0.146 0.41 (0.07-2.42) 0.326 0.36 (0.06-2.23) 0.271
Blrtﬁfglgc Eﬁzﬁ (never 0.594 0.234 0.803 0.788
Habitual drink 1.08 (0.77-1.52) 0.642 1.11 (0.76-1.61) 0.600 1.12 (0.83-1.52) 0.466 1.07 (0.78-1.47) 0.657
Quit or rare 1.18 (0.92-1.52) 0.185 1.31 (1.00-1.71) 0.047 1.09 (0.86-1.38) 0.471 1.11 (0.88-1.41) 0.388
Unspecified 1.44 (0.24-8.68) 0.688 1.69 (0.26-11.05) 0.583 1.51 (0.27-8.29) 0.639 1.63 (0.28-9.42) 0.583
Chemotherapy (no) 0.089 0.460 0.289 0.366
Continued
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Overall survival Cancer-specific survival Disease-free survival Local recurrence
Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Yes 0.65 (0.40-1.07) 0.82 (0.48-1.40) 0.79 (0.52-1.22) 0.82 (0.52-1.27)
Radiotherapy (no) 0.350 0.076 0.576 0.580
Yes 0.75 (0.42-1.36) 0.47 (0.21-1.08) 0.86 (0.52-1.45) 0.86 (0.50-1.47)

Table 4. Multivariate Cox proportional hazards model of various outcomes in patients with stage IV
intrahepatic cholangiocarcinoma (N =1134). HR: hazard ratio; CI: confidence interval; TAE: transarterial
chemoembolization; HBV: hepatitis B virus; HCV: hepatitis C virus.

with stages III or IV disease, the discernible benefit of surgery confined to a relatively limited improvement of
OS. Only those who were diagnosed with stage I disease and underwent upfront surgery had median survival
time more than eight years after initial diagnosis. Early detection of ICC and quick surgery, therefore, even in
this era of marked improvement of adjuvant chemotherapy and radiation, remain good solutions to combat
the poor prognosis of ICC in modern medicine. The long-term survival of patients with ICC is very poor. Even
in the surgery group (all stages), the 5- and 8-year OS rates for patients with ICC were only 36.4% and 32.5%,
respectively. Prognostic factors included age, surgery, primary tumor size, multiple tumors, vascular invasion,
and negative surgical margin. Chemotherapy was associated with improved survival in patients with stages I-III
disease, but not with stage IV disease. Hepatitis virus profile and radiotherapy did not seem to affect patients’
long-term outcomes significantly. Based on the fact of dominantly late stage and poor prognosis, early detec-
tion and appropriate treatment (surgery or chemotherapy) will increase survival in patients with ICC. Future
study may seek to find effective adjuvant therapy (included novel chemotherapy agents and immunotherapy)
in patients with stage I'V disease.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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