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ABSTRACT

Background. Although treatment strategies for intrahepatic

cholangiocarcinoma (ICC) are shifting towards multidisci-

plinary approaches, preoperative radiographic methods for

identifying patients requiring further therapy are unclear. This

study was designed to establish a prognostic grading system

using preoperatively available objective biomarkers.

Methods. A novel preoperative prognostic grading system

for predicting survival after surgery for ICC was developed

from multivariate analysis of 134 ICC patients who

underwent surgery between 1996 and 2015 using preop-

eratively available biomarkers.

Results. The median overall survival time and 3- and

5 year survival rates were 33.3 months, 48, and 38%,

respectively. Of the preoperative biomarkers, the neutrophil-

to-lymphocyte ratio (C5), and C-reactive protein (C5 mg/L)

and carbohydrate antigen 19-9 (C500 IU/mL) levels were

independently associated with poor overall survival. Based

on the presence of these factors, the preoperative prognostic

grades were defined as follows: grade 1, no factor; grade 2,

one factor; and grade 3, two or three factors. The median

overall survival time and 3- and 5 year survival rates of

patients with grade 1 (70.3 months, 66, and 53%, respec-

tively) were higher than those of patients with grade 2

(23.4 months, 37, and 30%, respectively; P = 0.004) and

grade 3 (8.8 months, 5% both; 2 vs. 3, P\ 0.001). Multi-

variable analysis revealed that the preoperative prognostic

grading system independently predicted survival after

adjusting for known prognostic factors.

Conclusions. A novel biomarker-based preoperative

prognostic grading system for ICC significantly stratifies

survival after surgery and may identify patients requiring

further treatment.

Intrahepatic cholangiocarcinoma (ICC), which origi-

nates from the secondary or more peripheral branches of

the biliary tree, is the second most common primary liver

cancer after hepatocellular carcinoma (HCC).1,2 Surgery

has been considered a potentially curative treatment for

ICC. However, the reported 5 year overall survival (OS;

15–40%) and postsurgical recurrence rates (50–60%) for

ICC are unsatisfactory.3–9 Therefore, treatment strategies

for advanced ICC are shifting towards multidisciplinary

approaches, including neoadjuvant and adjuvant thera-

pies.10,11 However, methods to identify patients who

require further therapy are unclear.

To date, several large-sized studies have identified pre-

dictive factors for a poor prognosis after surgery. Of these,

two prognostic nomograms enabled prediction of postsur-

gical survival in ICC patients and might identify further

treatment needs.12,13 However, these nomograms require

histological data, which are only available after surgery.

Furthermore, the accuracy of preoperative imaging

modalities detecting these tumor characteristics, such as

lymph node metastasis or intrahepatic nodules, remains

unsatisfactory.14,15 Therefore, there is currently no pre-

dictive model for postsurgical ICC outcomes that relies
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solely on factors available preoperatively. In the future,

more objective assessment methods are needed for estab-

lishing the appropriate surgical strategy in ICC.

Among representative objective factors available pre-

operatively, there has been accumulating evidence that

preoperative serum biomarkers can predict the survival of

ICC patients after surgery.16 Of these, tumor markers that

reflect tumor progression, such as carbohydrate antigen

19-9 (CA19-9) and carcinoembryonic antigen (CEA), have

been reported to be independently associated with ICC

prognosis.5,8,12 The systemic inflammatory response (SIR),

which is considered to reflect host inflammatory and

immune responses and plays a significant role in the

determination of prognosis in various malignancies, has

garnered interest as another preoperative predictive bio-

marker for hepatobiliary malignancies.17–24 In particular,

elevated preoperative C-reactive protein (CRP) levels and

neutrophil-to-lymphocyte (NLR) and platelet-to-lympho-

cyte (PLR) ratios have been reported to be associated with

relatively poor survival. Given these previously published

data, we hypothesized that a preoperative prognostic

grading system incorporating SIR and tumor markers could

help to predict postsurgical prognosis in ICC. Compared

with other numerous prognostic factors or developing

biomarkers, SIR and tumor markers are simple, inexpen-

sive, and widely available from preoperative blood tests. In

the present study, we sought to establish a novel bio-

marker-based preoperative prognostic grading system to

identify patients who could potentially benefit from sur-

gery, as well as those who would require further treatment.

METHODS

Patients

A total of 141 ICC patients (excluding combined ICC–

HCC patients) underwent hepatectomy with curative intent

at Kyoto University Hospital, Kyoto, Japan, between 1996

and 2015. A total of seven patients who received preoper-

ative therapy [neoadjuvant chemotherapy (N = 2) or

unintended conversion therapy (N = 5) were excluded,

because we could not comment on the statistical significance

of treatment effects due to the small number of cases.

Finally, 134 patients were enrolled in this retrospective

study. The clinicopathological data, including sex, age,

hepatitis virus markers, Child-Pugh classification, primary

tumor characteristics, treatment-related variables, and sur-

vival data of these patients were retrieved from a

prospectively maintained institutional database. Primary

tumor characteristics and resection margins were ascer-

tained based on final pathological findings. Tumor stages

were assessed according to the American Joint Committee

on Cancer (AJCC) classification system, 7th edition.25

Operative mortality was defined as death within 30 days of

surgery or during the same hospitalization period; morbidity

was evaluated according to the Clavien–Dindo classification

system.26 The follow-up protocol and recurrence criteria

were the same as those reported previously.27,28 The follow-

up data were updated in April 2016. The study protocol was

approved by the ethical committee of the Graduate School

of Medicine, Kyoto University. Written, informed consent

was obtained from all study participants.

Preoperative Biomarkers

Five preoperatively available biomarkers, including the

NLR, PLR, and serum CRP, CEA, and CA19-9 levels,

were analyzed preoperatively at the time of admission. In

cases of tumor invasion of the hepatic hilum, complete

blood count and serum CRP levels were evaluated after

biliary drainage and confirmation of no sign of infection.

Surgical Procedures and Treatment Strategy

Patients in whom macroscopically curative resection was

deemed possible were indicated for surgical resection as

previously reported.27,28 The type of hepatectomy, which

was defined according to the hepatic anatomy and resection

terminology proposed by the International Hepato-Pancre-

ato-Biliary Association in 2000, was determined according

to the tumor diameter, location, presence or absence of cir-

rhosis, and estimated volume of the future remnant liver.29

Routine lymphadenectomy was performed around the hep-

atoduodenal ligament and retropancreatic area with or

without para-aortic lymph nodes, except in patients with

poor conditions and those diagnosed preoperatively with

HCC or other diseases.27 Postsurgical adjuvant chemother-

apy was administered using gemcitabine hydrochloride and

tegafur–gimeracil–oteracil potassium (S-1), both of which

were authorized for use in Japanese patients with biliary tract

cancer in 2006 and 2007, respectively, for stage II–IV tumors

classified according to the AJCC classification system.27,28

Statistical Analysis

For surgically treated patients, OS was calculated from

the day of surgery to the date of death or end of the follow-

up period, whereas disease-free survival (DFS) was calcu-

lated using the date of death or recurrence as the time of the

terminal event according to the Kaplan–Meier method.

Continuous variables, expressed as median values (range),

were compared using the Mann–Whitney U test. Categori-

cal variables were compared using v2 tests. Cutoff values

for preoperative prognostic biomarkers that were continu-

ous variables were determined based on the maximum

significant OS differences in a Cox hazard model (i.e., the
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minimum P value approach). Independent prognostic fac-

tors for survival were identified using multivariate Cox

proportional hazards models; variables identified as sig-

nificant (P\ 0.05) in the univariate analysis were entered

into a multivariate model. The performance of our preop-

erative prognostic grading system was assessed based on

homogeneity (likelihood ratio v2 test related to the Cox

regression model) and discriminatory ability [corrected

Akaike information criteria (AICc)]. The likelihood ratio

test also can estimate the monotonicity of gradients. Gen-

erally, more accurate models exhibit higher likelihood ratio

v2 values and lower AICc values than inaccurate models.

Differences were considered significant at P\ 0.05. Sta-

tistical analyses were performed using JMP ver. 12.1

software (SAS Institute, Cary, NC).

RESULTS

Patient Characteristics

The demographic details of the 134 surgically treated

patients are presented in Table 1. Of these, 10 patients

(7%) showed postoperative para-aortic lymph node

metastasis, defined as distant metastasis under the AJCC

classification system. The median OS time was 33.3

months, with 3- and 5 year OS rates of 48 and 38%,

respectively. The median DFS time was 14.1 months, with

3- and 5 year DFS rates of 28 and 23%, respectively.

Determining the Optimal Cutoff Value

of Preoperatively Available Biomarkers

and Independent Predictors

After adjusting the cutoff values by the minimum

P value approach, the optimal cutoff values were deter-

mined to be CA19-9, 500 IU/mL; CEA, 5 ng/mL; NLR, 5;

PLR, 120; and CRP, 5 mg/L, respectively. Furthermore,

we conducted multivariate analysis to assess which

biomarkers could independently predict OS after surgery

among these five potential predictors. The results of the

multivariate analysis identified preoperative serum CA19-9

levels C500 IU/mL, preoperative serum CRP levels

C5 mg/L, and preoperative NLR C 5 as independently

associated with poor OS after surgery (Table 2).

Establishment and Prognostic Impact of the Novel

Biomarker-Based Preoperative Prognostic Grading

System

Based on the three preoperative prognostic factors

identified in the multivariate analysis, the preoperative

TABLE 1 Patient and clinicopathologic characteristics

Variable N = 134

Preoperative factors

Age 65 (26–84)

Gender (male) 84 (63%)

HBs Ag(?) 6 (4%)

HCV Ab(?) 17 (13%)

Child–Pugh class B 9 (7%)

CA19-9 levels (IU/mL) 59.4 (0–13200)

CEA levels (ng/mL) 2.6 (0–266)

NLR 2.3 (0.4–19.6)

PLR 137 (34.1–376.3)

CRP (mg/L) 2 (0–159)

Postoperative factors

Maximum tumor diameter (cm) 4.5 (1.0–14)

Vascular invasion 80 (60%)

Multiple tumor 39 (29%)

Lymph node metastasis

N0 78 (58%)

N1 46 (34%)

Nx 10 (7%)

Para aortic lymph node metastasis 10 (7%)

Biliary invasion 52 (39%)

Poorly differentiation 18 (13%)

AJCC classification stage III/IV 76 (56%)

Treatment factors

R0 resections 108 (81%)

Hepatectomy

Minor hepatectomy 23 (17%)

Major hepatectomy 56 (42%)

Extended hepatectomy 66 (41%)

Biliary reconstruction 42 (31%)

Vascular reconstruction 25 (19%)

Adjuvant chemotherapy 45 (34%)

Gem 38 (28%)

S-1 4 (3%)

Gem plus S-1 3 (2%)

Surgical outcomes

Morbidity 65 (49%)

Class I/II 41 (31%)

Class III/VI 24 (18%)

Mortality 8 (6%)

Hbs-Ag hepatitis-B virus soluble antigen, HCV-Ab hepatitis-C virus

antibody, CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic

antigen, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lym-

phocyte ratio, CRP C-reactive protein, N0 negative for nodal

metastasis, N1 positive for nodal metastasis, Nx nodal metastasis

status undetermined, AJCC American Joint Committee on Cancer, R0

resection no macroscopic or microscopic tumor remaining, Gem

gemcitabine hydrochloride, S-1 tegafur-gimeracil-oteracil
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prognostic grades were defined as follows: grade 1, none of

these factors; grade 2, the presence of only one factor, and

grade 3, the presence of two or three factors (Supplemen-

tary Table 1). The differences in clinicopathological

features among patients with different preoperative prog-

nostic grades are shown in Table 3. Patients with grade 3

exhibited significantly higher incidences of node-positive

disease (P = 0.001), vascular invasion (P = 0.021), and

larger tumor (P = 0.009) than patients with grade 1, and a

higher incidence of early recurrence within 6 months than

patients with grade 1 and 2 (P\ 0.001 and P = 0.011).

Additionally, patients with grade 2 exhibited a higher

TABLE 2 Univariate and multivariate analysis of preoperative available factors

Variables N MST

(mo)

3/5 year

survival rate (%)

Univariate P Multivariate analysis

HR

(95% CI)

P value

CA19-9 (IU/mL) \500 109 50.3 56/46 \0.001 Ref \0.001*

C500 25 8.1 10/5 4.022

(2.301–6.909)

CEA (ng/mL) \5 108 47.6 54/44 0.006 Ref 0.142

C5 26 13.2 21/13 1.492

(0.870–2.472)

PLR \120 54 57.2 59/48 0.030 Ref 0.646

C120 81 25.8 40/31 0.883

(0.537–1.476)

NLR \5 114 47.6 54/43 \0.001 Ref 0.029*

C5 20 12.2 12/6 2.016

(1.077–3.648)

CRP (mg/L) \5 89 54.5 59/45 0.001 Ref 0.012*

C5 45 13.3 26/26 1.858

(1.147–2.966)

CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, CRP

C-reactive protein

* Significant difference (P\ 0.05)

TABLE 3 Differences of tumor characteristics between patients in the strata of the preoperative prognostic grades

Tumor characteristics Grade 1

(N = 73)

Grade 2

(N = 37)

Grade 3

(N = 24)

P value

Lymph node metastasis 19 (26%) 13 (35%) 14 (58%) 0.038*�

Para-aortic lymph node metastasis 3 (4%) 4 (11%) 3 (13%) 0.263

Multiple tumor 19 (26%) 9 (24%) 11 (46%) 0.135

Vascular invasion 35 (48%) 27 (73%) 18 (75%) 0.010*��

Poorly differentiation 8 (11%) 7 (19%) 3 (13%) 0.507

Tumor diameter C5 cm 21 (29%) 15 (41%) 14(58%) 0.031*�

Biliary invasion 23 (32%) 17 (46%) 12 (50%) 0.157

R1 resection 11 (15%) 8 (22%) 7 (29%) 0.293

Early recurrence within 6 months** 7 (10%) 11 (32%) 13 (68%) \0.001*��§

* Significant difference (P\ 0.05)

** Analysis was performed excluding eight patients who underwent hospital death

� Significant difference between patients with grade 1 and those with grade 2

� Significant difference between patients with grade 1 and those with grade 3

§ Significant difference between patients with grade 2 and those with grade 3
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incidence of vascular invasion (P = 0.012) and early

recurrence within 6 months (P = 0.003) than those with

grade 1.

Figure 1 shows a stratification of patient survival

according to the preoperative prognostic grades. The

median OS time and 3- and 5 year OS rates of patients with

preoperative prognostic grade 1, 2, and 3 were 70.3, 23.4,

and 8.8 months; 66, 37, and 5%; and 53, 30, and 5%,

respectively (Fig. 1a). Stratifications of OS according to

the preoperative prognostic grading system were significant

(1 vs. 2, P = 0.004; 2 vs. 3, P\ 0.001). Similar results

were obtained for DFS in patients undergoing hepatectic

resection, with the median DFS time and 3- and 5 year

DFS rates of patients with grade 1, 2 and 3 being 26.9,

10.2, and 3.4 months; 44, 10, and 4%; and 36, 10, and 4%,

respectively (Fig. 1b). Stratifications of DFS according to

the preoperative prognostic grading system also were sig-

nificant (1 vs. 2, P\ 0.001; 2 vs. 3, P = 0.004).

Recent studies, including our previous report, found

that adjuvant chemotherapy significantly improved sur-

vival after surgery for ICC patients, especially those with

lymph node metastasis.11,27 Therefore, to assess the

independent prognostic impact of the preoperative prog-

nostic grading system, multivariate analysis, adjusting for

known clinicopathological factors and treatment variables,

was conducted. The multivariate analysis revealed that the

nodal status, resection margin, number of tumors,

administration of adjuvant chemotherapy, and preopera-

tive prognostic grading system all independently predicted

OS (Supplementary Table 2). This finding suggests that

the preoperative prognostic grading system independently

predicted OS, regardless of tumor progression or

treatment.

Efficacy Comparison of the Proposed Preoperative

Prognostic Grading System and AJCC Staging System

Finally, to assess the efficacy of the preoperative prog-

nostic grading system, we compared its prognostic power

with those of the conventional AJCC staging systems

(survival curves are shown in Supplementary Fig. 1). The

preoperative prognostic grading system exhibited higher

accuracy for survival prediction in ICC patients compared

with conventional AJCC staging systems (likelihood ratio

v2 values, 36.9 vs. 26.4; AICc value, 725.4 vs. 738.0,

respectively; Table 4).

DISCUSSION

To establish appropriate surgical strategies for ICC in

the future, it is critical to identify patients accurately who

are expected to have longer survival durations as well as

those with high risks of recurrence. In the present study, we

report our experience with ICC at a high-volume Japanese

institution and demonstrate that the combination of three

factors available preoperatively—the NLR, and serum CRP

and CA19-9 levels—could predict the prognosis of ICC

after surgery. This simple and easily administered preop-

erative prognosis grading system can predict survival

information accurately and may identify patients who

require further treatment.

During the past decade, there has been accumulating

evidence that preoperative serum biomarkers can predict

the survival of ICC patients after surgery. Elevated levels

of tumor markers, including CA19-9 and CEA, were

reported to be associated with a relatively poor prognosis in

ICC.5,8,12 Particularly, CA19-9 has been well described as

reflecting tumor progression.30 In the present study, ele-

vated serum CA19-9 levels dichotomized by the minimum
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FIG. 1 Overall (a) and disease-free (b) survival stratified according

to the preoperative prognostic grades are shown. There were

significant differences in overall (1 vs. 2, P = 0.004; 2 vs. 3,

P\ 0.001; log-rank test) and disease-free (1 vs. 2, P\ 0.001; 2 vs. 3,

P = 0.004) survival among patients with different preoperative

prognostic grades
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P value approach (cutoff value, 500 IU/mL) were inde-

pendently associated with poorer OS. Although this cutoff

value was higher than those reported previously, we con-

sidered this value meaningful in terms of identifying

patients who did not benefit from previous surgery.5,8,12,30

Despite the significant role of the SIR in the prognostic

prediction of various malignancies, including hepatobiliary

malignancies, few studies have investigated its role in

ICC.16–23 We demonstrated the significance of CRP and

the NLR in the prediction of prognosis in ICC. Cutoff

values for the NLR and CRP (5 and 5 mg/L, respectively)

were deemed acceptable compared with previously repor-

ted values.19,22 Until now, a prediction classification

system using these serum biomarkers has not been avail-

able. We have demonstrated successfully that a synergistic

combination of the SIR and tumor markers could help to

predict postsurgical prognosis in ICC.

The unsatisfactory prognosis and high recurrence rates

of ICC following surgery will result in the preferential

administration of multidisciplinary treatment strategies,

despite the lack of established data. A recent multi-insti-

tutional study demonstrated the significance of adjuvant

chemotherapy for ICC, especially in patients with lymph

node metastasis.11 In fact, our previous data indicated a

significant improvement in the postsurgical outcomes of

patients with lymph node metastasis with the administra-

tion of adjuvant chemotherapy.27 Therefore, neoadjuvant

chemotherapy is promising for patients with suspicious

lymph nodes on preoperative imaging.10 However, this

preoperative imaging characteristic cannot be detected

accurately in certain cases. The preoperative prognostic

grading system partly appears to reflect lymph node status

(Table 3) and might help to diagnose nodal status in

patients who present with unsuspected nodal-positive dis-

ease. Therefore, it might be best to judge the indications for

multidisciplinary therapies based on both imaging findings

and our proposed preoperative prognostic grading system.

This present study included only 134 consecutive

patients from a single institution who underwent surgery

with a long follow-up period. Therefore, our study

population suffered from selection biases, including those

caused by indications for surgery and other therapeutic

options. The inclusion of adjuvant chemotherapy, which

was introduced at our institution after 2006, in the multi-

variate analysis partly compensates for this limitation.27

Second, we did not evaluate other well-known inflamma-

tory scores such as the prognostic nutritional index (PNI)31,

or the Glasgow prognostic score (GPS)32 and its variants.

These scores are based on the evaluation of serum CRP

levels following a decrease in serum albumin concentra-

tions. Another limitation of the present study was its

retrospective design.

In conclusion, a novel biomarker-based preoperative

grading system for ICC is a simple and effective method

for the prediction of disease prognosis and may identify

patients who require further treatment.
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