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Abstract

Background & Aims: Tumor recurrence is frequent even in intrahepatic cholangiocarcinoma
(ICC); and improved strategies are needed to identify patients at highest risk for such recurrence.
We performed genome-wide expression profile analyses to discover and validate a gene signature
associated with recurrence in patients with ICC.

Approach & Results: For biomarker discovery, we analyzed genome-wide transcriptomic
profiling in ICC tumors from two public datasets (TCGA, n=27 and GSE107943, n=28).

We identified an 8-gene panel (B/IRC5, CDC20, CDH2, CENPW, JPH1, MADZ2L 1, NEILS3,
and POC1A), which robustly identified patients with recurrence in the discovery (area under
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the curve [AUC]=0.92) and /n-silico validation cohorts (AUC=0.91). We next analyzed 241
specimens from patients with ICC (training cohort: n=64, validation cohort: n=177), followed
by Cox proportional hazard regression analysis, to develop an integrated transcriptomic panel
and establish a risk-stratification model for recurrence in ICC. We subsequently trained this
transcriptomic panel in a clinical cohort (AUC=0.89, 95% confidence intervals [C1]=0.79-0.95),
followed by evaluating its performance in an independent validation cohort (AUC=0.86, 95%
C1=0.80-0.90). By combining our transcriptomic panel with various clinicopathologic features
we established a risk-stratification model which was significantly superior for the identification
of recurrence (AUC=0.89, Univariate: hazard ratio [HR]=6.08, 95% C1=3.55-10.41, P<0.01,
Multivariate: HR=3.49, 95% CI=1.81-6.71, P<0.01). The risk-stratification model identified
potential recurrence in 85% of high-risk patients and non-recurrence in 76% of low-risk patients,
which is dramatically superior to currently used pathological features.

Conclusions: We report a novel transcriptomic signature for risk-stratification and recurrence
prediction that is superior to currently used clinicopathological features in patients with ICC.

Keywords

transcriptomic panel; detection biomarker; tissue-based identification; genome-wide gene
profiling; risk-classification

INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver cancer
with increasing incidence and mortality worldwide (1-4). Surgical resection still remains
the only potentially curative treatment option for patients with ICC according to the
National Comprehensive Cancer Network (NCCN) guidelines (5). However, the 5-year
survival rates following curative resection are only 20-30%, and the primary reason for
such an unfavorable long-term outcome is the high incidence of tumor recurrence, which
ranges from 50-70% (6-10). While cancer recurrence occurs frequently, the post-operative
treatment options remain arbitrary. The NCCN guidelines recommend several treatment
options including post-surgical surveillance alone, adjuvant chemo(radio)therapy in patients
with a resectable disease, and enrollment of patients in various exploratory clinical trials.
In addition, because of the rarity of this malignancy, presently there are no well-defined
randomized or prospective studies comparing survival outcomes in patients subjected to
surgery alone or together with adjuvant chemotherapy.

Some of the retrospective studies have demonstrated that postoperative adjuvant
chemotherapy could result in improving the overall survival (OS) of patients with ICC

(7, 11, 12). 5-Fluorouracil or gemcitabine-based chemotherapy is generally recommended
and frequently used for treating high-risk patients who are lymph node metastasis-positive
or have a positive surgical margin (13). Previous studies have also indicated the efficacy
of adjuvant chemotherapy or chemoradiotherapy in biliary tract cancers following curative
resection (14, 15). Finally, some studies have illustrated the therapeutic benefits of
various surgical techniques, such as radical lymphadenectomy (16-18) and larger surgical
resection margins (6, 19). Nonetheless, there remains a lack of consensus on the benefit
of postoperative adjuvant chemotherapy should and which patients with ICC should be
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offered such treatments following resection of their primary tumor. In the context of
surveillance alone, the use of computed tomography (CT) or magnetic resonance imaging
(MRI) of abdomen and pelvis, and if needed, CT of chest every 6 months for 2 years

is recommended. However, these criteria are inadequate as some patients require a more
aggressive surveillance approach and potentially adjuvant chemotherapy as well, because
~40% of patients experience tumor recurrence within 1 year of their surgical treatment (20).

A few studies have investigated the significance of various clinical features (e.g. tumor size,
tumor number, margin <10mm, and major hepatectomy) and tumor markers, which could
help predict recurrence, following a surgical resection with a curative intent; however, the
predictive accuracy of these biomarkers remains inadequate for their clinical use (21, 22).
Accumulating evidence indicates that the risk of cancer recurrence generally associates with
distinct biological factors indicative of tumor aggressiveness, as well as specific technical
factors including a positive surgical margin (7-9). In addition, most of the recurrence events
in patients with ICC following hepatic resection occurs in the remnant liver (23). The
etiology of tumor recurrence if often attributed to either intrahepatic metastasis resulting
from the initial tumor or the emergence of a de novo tumor (23, 24); highlighting the need
for improved surveillance and the potential of timely detection of recurrence.

Emerging evidence indicates that the biological behavior of ICC varies among patients

and the expression pattern of genes have the potential to reflect the physiological and
pathological status in cancer patients (7-9, 25). In fact, several studies have identified that
differential expression of specific genes is directly associated with ICC pathogenesis, as well
as suggested their potential as disease biomarkers. These findings highlight the imperative
need to develop molecular biomarkers that can predict recurrence, and potentially help
characterize the treatment response and outcomes in patients with recurrent ICC (7, 17, 26—
29). Furthermore, most of these studies were performed in small retrospective cohorts and
based on single-institution experience, in which the resection status included a admixture of
patients with various cholangiocarcinomas (26, 27, 30).

In the present study we have addressed these important gaps in knowledge, by performing

a genome-wide, systematic and comprehensive biomarker discovery effort to identify a gene
expression signature for the detection of recurrence following hepatectomy in patients with
ICC. The signature was initially identified in multiple gene expression profiling datasets,
followed by rigorous validation and performance evaluation in large independent clinical
cohorts. Our final risk-stratification model is robust in identification of patients with high-
risk ICC, which will improve overall management of patients by sparing the low-risk
patients from the unnecessary toxicity and expense associated with adjuvant treatments.

MATERIALS AND METHODS

Biomarker discovery

To perform a comprehensive genome-wide biomarker discovery, we analyzed gene
expression profiling results obtained from primary tumor tissues from two datasets (The
Cancer Genome Atlas [TCGA] and GSE107943) in order to identify and establish a
gene panel for the detection of recurrence in patients with ICC. TCGA gene expression

Hepatology. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wada et al.

Page 4

profiling data was downloaded from the University of California—Santa Cruz Xena

Browser (https://xenabrowser.net), while GSE107943 dataset (normalized gene profiling
and clinical data) was downloaded from the Gene Expression Omnibus database (https://
www.nchi.nlm.nih.gov). In total, gene expression profiling data was obtained from 55
patients, which included 27 patients from the TCGA cohort (14 with recurrence and 13
without recurrence) and 28 patients from the GSE107943 dataset (20 with recurrence and

8 without recurrence) as illustrated in Supplementary Fig. 1. To evaluate the diagnostic
potential of the discovered gene signature, we first established a univariate Cox proportional
hazard regression model using the selected biomarkers and subsequently determined the area
under the curve (AUC) values for each of the receiver operator characteristic (ROC) plots
(Supplementary Fig. 2) (31, 32).

Patient cohorts

For the clinical training and validation of the identified gene panel, we analyzed a total

of 241 formalin-fixed paraffin-embedded (FFPE) specimens from three independent ICC
patient cohorts, which included a training cohort (n = 64; 37 with recurrence and 27
non-recurrence) of patients enrolled at the Kyushu University, and a validation cohort (n =
177; 109 with recurrence and 68 non-recurrence) enrolled at the Tokushima University and
Kumamoto University. All patients underwent radical surgeries between January 2000 and
December 2018 in the training cohort, and between January 1994 and December 2018 in the
validation cohort. All specimens were diagnosed as ICC by pathologists at each participating
institution, according to the 7th edition of the American Joint Committee on Cancer TNM
grading system. The follow-up protocol included a physical examination, evaluation of
serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels, as
well as imaging modalities such as ultrasonography, CT and MRI. Only regions confirmed
by imaging modalities were diagnosed as tumor recurrence sites. The study was conducted
in accordance with the Declaration of Helsinki. A written informed consent was obtained
from all patients, and the study was approved by the institutional review boards of all
participating institutions.

RNA extraction and RT-qPCR

Total RNA was isolated from 10 pm thick sections of FFPE surgical tissues by manual
microdissection to enrich for cancer cells (>75% of tumor cells), and the RNA was
extracted using the AllPrep DNA/RNA FFPE Kit (Qiagen, Hilden, Germany). Synthesis

of complementary DNA (cDNA) was conducted with 500ng of total RNA using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA). Real-
time quantitative reverse transcription polymerase chain reaction (RT-gPCR) analysis was
performed using the SensiFAST™ Lo-ROX Kit (Bioline, London, UK) on the Quantstudio
7 Flex Real Time PCR System (Applied Biosystems, Foster City, CA), and expression
levels were evaluated with Applied Biosystems QuantStudio 7 Flex Real Time PCR System
Software. The relative abundance of target transcripts was evaluated and normalized to the
expression of B-actin as an internal control using the 22PCt method. Normalized expression
values were logyq transformed (33). The primer sequences for the target genes used in the
present study are shown in Supplementary Table 1.

Hepatology. Author manuscript; available in PMC 2022 September 01.


https://xenabrowser.net
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wada et al.

Page 5

Statistical analysis

RESULTS

Clinicopathologic characteristics of the patient cohorts are shown in Table 1. The cutoff
thresholds for continuous variables were divided by the median value in all participants.
Several clinicopathologic characteristics were compared between recurrence and non-
recurrence group, using the Chi-Square test or Mann-Whitney U test for categorical data.
Cox’s proportional hazard regression analysis was used to train a classifier based on the
expression of each gene. Of note, once the model was trained (in the training cohort),

the same statistical model variables (weights and cutoff thresholds) were applied in the
independent validation cohort, to better appreciate the translational potential of our risk-
stratification model. The cutoff threshold for the recurrence risk scores was chosen as —0.47,
which was determined by Youden’s index. For all cohorts, ROC curves and AUC values
were used to evaluate the performance of the panel for recurrence detection in patients with
ICC. The OS and relapse-free survival (RFS) times were calculated from the date of surgery
to the date of death from any cause or recurrence, or last follow-up date. We estimated OS
and RFS using the Kaplan-Meier method. A univariate and multivariate Cox proportional
hazard regression model was established and a Pvalue < 0.05 was considered statistically
significant. Hazard ratios (HR) were presented with their 95% confidence intervals (CI).
Statistical analyses were performed using JMP Genomics V 9.0 statistical software (SAS
Institute Japan, Tokyo, Japan), Medcalc statistical software V.17.4.0 (Medcalc Software
bvba, Ostend, Belgium), GraphPad Prism V8.0 (GraphPad Software, San Diego, CA, USA),
and R (3.5.0, R Development Core Team, https://cran.r-project.org/).

Genome-wide expression profiling resulted in the identification of an 8-gene panel for the
detection of recurrence in patients with ICC

We performed a genome-wide, unbiased, comprehensive biomarker discovery analysis in
two independent gene expression profiling datasets (TCGA and GSE107943) to identify

a gene panel for the detection of recurrence in patients with 1ICC. We first compared the
gene expression profiles in patients with and without recurrence in the GSE107943 cohort.
This cohort included patients who had undergone curative surgery and identified a panel

of differentially expressed candidates (P < 0.05, |logoFC| >1), with data availability in

at least 50% of all cases and excluded highly correlated genes. Subsequent validation of
these candidates in the TCGA dataset led us to finally identify a panel of 8 genes, that

were consistent between both the cohorts. These genes included B/RC5, CDC20, CDHZ,
CENPW, JPH1, MADZ2L 1, NEIL3, and POCI1A. This 8-gene panel in the GSE107943
resulted in an AUC of 0.92 (95% confidence interval [CI] = 0.75-0.99). (Supplementary Fig.
2A), which was successfully and robustly validated in the TCGA dataset (AUC = 0.91, 95%
Cl =0.73-0.98); highlighting the diagnostic performance of this panel for the identification
of recurrence in patients with ICC (Supplementary Fig. 2B). To evaluate the prognostic
potential of our gene biomarkers, we performed survival analysis for RFS. The ICC patients
within the high-risk group demonstrated a significantly worse survival in both cohorts (P

< 0.01, Supplementary Fig. 2C, D); yet again, highlighting the clinical significance of our
biomarker panel.
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Training and validation efforts allowed us to establish a transcriptomic panel for the
identification of recurrence in patients with ICC

Next, we wanted to validate this biomarker panel in the clinical cohorts. To this end,

we first confirmed that the patients within our training and validation cohorts possessed
similar clinicopathologic characteristics. The training cohort comprised of 64 patients,
which included 37 patients with recurrence (58%); the median age of patients in this cohort
was 67 years. The validation cohort consisted of 177 patients, which included 109 patients
with recurrence (62%); the median age of patients in this cohort was 71 years. The detailed
clinicopathological characteristics of patients within these cohorts are provided in Table 1.
We observed no statistically significant differences in the prevalence of recurrence rates,
nor any other clinicopathological characteristics between the two cohorts, eliminating the
possibility of any inadvertent bias between the patient cohorts examined in our study.

To confirm the diagnostic robustness of our discovered gene panel, we evaluated its
performance in these clinical cohorts. First, we systematically interrogated the diagnostic
accuracy of our transcriptomic panel for its ability to detect recurrence in ICC patients
within the training cohort (37 with recurrence and 27 non-recurrence). Using the

Cox’s proportional hazard regression analysis, we trained a model that allowed robust
identification of recurrence in patients with ICC (AUC = 0.89, 95% CI = 0.79-0.95,

Fig. 1A, B). We developed this risk-stratification panel based on the coefficients derived
from individual markers by using the Cox’s proportional hazard regression analysis using
the following model parameters: Logit (P) = (-0.4196* B/RC5) + (-0.6444* CDC20)

+ (0.06929* CDH2) + (0.06698* CENPW) + (-0.3512*JPHI) + (1.1956* MADZ2L 1) +
(0.06698* NEIL3) + (0.3971* POC1A). Following the encouraging results of our panel for
the detection of recurrence in the training cohort, we next evaluated its robustness and
accuracy by applying the same statistical model (the coefficients and cutoff thresholds) in
an independent validation cohort (with recurrence = 109, non-recurrence = 68). \We were
enthused to observe that the diagnostic performance of our transcriptomic risk-prediction
model in this cohort was quite comparable to that observed in the training cohort (AUC
=0.86, 95% CI = 0.80-0.90; Fig. 1C, D). Taken together, our findings allowed us to
successfully establish a novel transcriptomic panel for identification of recurrence in patients
with ICC.

Establishment of a risk-nomogram for predicting survival outcomes in patients with ICC

Since cancer recurrence is often associated with poor survival in patients with ICC, we were
curious to inquire the prognostic potential of our gene panel. In this regard, we performed
survival analysis for RFS and OS in the independent patient cohorts. The median follow-up
times were 26.1 months (95% CI = 24.7-54.4) in the training cohort and 26.3 months (95%
Cl = 23.2-44.9) in the validation cohort. More importantly, we observed that based upon
our transcriptomic panel derived parameters, patients categorized within the high-risk group
demonstrated a significantly worse prognosis in both the training cohort (RFS [P < 0.01];
OS [P < 0.01], Fig. 2A, B) and the validation cohort (RFS [P < 0.01]; OS [P < 0.01], Fig.
2C, D). In addition, for an easier translation of our transcriptomic panel into the clinic,

we next evaluated its performance along with other clinicopathological risk features (i.e.
CA19-9 or CEA, vascular invasion, tumor size), and established a nomogram. Although
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we incorporated various pathological and molecular risk features in the risk-nomogram, we
noted that while a few pathological risk-stratification features added some weight to the
model, our 8-gene panel carried the highest weight in this nomogram and emerged as an
independent and the most significant predictor for recurrence in patients with ICC (Fig. 2E).

A risk-stratification model that combines transcriptomic biomarkers and
clinicopathological features improves recurrence prediction in patients with ICC

Considering that some of the pathological risk factors currently used in the clinic offer some
risk assessment potential in patients with ICC, we asked whether a risk-stratification model
that includes some of these risk features along with our transcriptomic panel might further
improve its accuracy in detecting recurrence. Interestingly, when we included certain classic
clinicopathological features such as CA19-9, CEA, vascular invasion and tumor size into
such a risk-stratification model, we observed that indeed this model exhibited a superior
diagnostic accuracy compared to the transcriptomic panel and other individual risk features
(AUC =0.89, Fig. 3A).

We next determined specific diagnostic correlates for our biomarker panel in the validation
cohort. Herein, we observed that its sensitivity, specificity, positive predictive value (PPV),
and negative predictive values (NPV) were 79.8%, 70.6%, 81.3%, and 68.6%, respectively
(Table 2). When we performed a similar analysis of the newly established risk-stratification
model that also included pathological risk features, its performance yet again significantly
superior with the sensitivity, specificity, PPV, and NPV values being 85.3%, 76.5%, 85.3%,
and 76.5%, respectively. Collectively, this highlights the superiority of our newly developed
risk-stratification model for identifying recurrence in patients with ICC.

We thereafter performed univariate Cox’s proportional hazard regression analysis, which
revealed that our transcriptomic panel still was an independent predictor for recurrence in
both clinical cohorts, compared to any singular clinical risk factors (training cohort: Hazard
ratio (HR) = 3.22, 95% CI = 1.62-6.42, P < 0.01; validation cohort: HR =2.73, 95% CI =
1.86-4.01, P < 0.01; Table 3). Furthermore, univariate and multivariate Cox’s proportional
hazard regression analysis revealed that our novel risk-stratification model was superior

to the transcriptomic panel and various clinicopathological features in terms of predicting
recurrence (Univariate: HR = 6.08, 95% CI = 3.55-10.41, P < 0.01; Multivariate: HR =
3.49, 95% CI = 1.81-6.71, P < 0.01) in the patients within the validation cohort (Fig. 3B, C
and Table 3). Collectively, these data highlight the potential clinical significance of our risk
model in the identification of recurrence in ICC.

Our risk-stratification model allows identification of high-risk ICC patients that have the
highest likelihood of benefitting from post-surgical adjuvant chemotherapy

The ultimate translational goal of our study was to determine the clinical usefulness of

our risk-stratification model in identifying patients who truly require post-operative therapy
and spare the rest from unnecessary treatments. In this regard, we analyzed the patients
within the validation cohort using our final risk-stratification classifier and dichotomized all
patients into high and low risk groups. The Fig 3D illustrates that a comparison of RFS
between high and low-risk groups estimated by the risk-stratification model in the validation
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cohort (P < 0.01; left panel) exhibited an even more accurate predictive efficacy compared
to our transcriptomic panel alone, as it stratified 62% of patients into the high-risk group
(110 of 177), and the remaining 38% (67 of 177) of patients were deemed as low risk. Of
the 110 patients who were classified as high risk, 93 patients experienced tumor recurrence
within 5 years (85%), indicating that these were indeed high-risk patients and will likely
benefit from post-treatment adjuvant chemotherapy. Likewise, of the 67 patients who were
classified as low risk, 51 patients didn’t experience recurrence within 5 years (76%), yet
again emphasizing that these low-risk patients could potentially avoid unnecessary toxicity
and expense from adjuvant therapy (Fig. 3D, right panel). These data highlight the potential
for the clinical our risk-stratification model in patients with high- and low-risk ICC.

DISCUSSION

The status of tumor recurrence remains one of the most important risk factors for deciding
which subset of ICC patients should be offered post-operative adjuvant therapy, while spare
the rest from its toxicity and expense. Our present study is a significant step forward in this
regard as it helps alleviate some of the inadequacies of currently used clinicopathologic risk
features for identifying recurrence in this malignancy. Our data demonstrate that analysis of
a transcriptomic gene panel in the primary tissues from ICC patients can accurately estimate
the risk probability for recurrence and has a tremendous clinical potential for more robust
risk-stratification for the identification of recurrence. Identification of true high-risk patients
and saving others from such unnecessary treatments will reduce patient complications,
physician burden, and associated healthcare costs (34, 35). Previous data suggest that
vascular invasion, CA19-9 levels, and tumor size were associated with advanced tumor
characteristics and a higher risk of tumor recurrence (28, 36, 37). In this study, our newly
developed model exhibited a notably superior diagnostic accuracy for recurrence (AUC =
0.89) vs. the clinical risk factors (including CA19-9, CEA, vascular invasion, and tumor
size), in the training (AUC = 0.71) and validation cohorts (AUC = 0.69; Supplementary

Fig 3). Our risk-stratification model identified that 85% of high-risk patients experienced
tumor recurrence and 76% of low-risk patients did not experience recurrence, which is

a significantly superior performance compared to currently used clinicopathological risk
features in the clinic. Collectively, this highlights the potential significance of our findings
for their clinical translation for recurrence identification and improving survival in patients
with ICC.

Several previous reports have favored the importance of multidisciplinary treatments in ICC
patients (38, 39). With the development of newer chemotherapeutic agents, there has been

a significant improvement in the response rates of up to 30-50% (40-42). In addition, data
from various clinical trials have suggested that combination of gemcitabine with platinum-
based cytotoxic agents results in a better oncological control compared to gemcitabine alone
in locally advanced biliary tract cancer (43). In meta-analysis, adjuvant chemotherapy was
associated with improved OS and was suggested as a potential consideration in patients with
ICC following curative resection (44, 45). The NCCN guidelines indicate that postoperative
treatment for resectable ICC should be particularly considered in patients with high-risk
features, and surveillance is recommended for the use of CT or MRI of abdomen and pelvis,
and CT of chest every 6 months for 2 years. On the other hand, in clinical settings, adjuvant
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chemotherapy has been actively explored and is becoming a common treatment option
regardless of resectability status in patients with ICC. Our ability to successfully validate
our risk model underscores its clinical significance for improved treatment strategies such
as more aggressive surveillance approach and potentially adjuvant chemotherapy in patients
with ICC and often worst survival outcomes.

From a functional viewpoint, various genes in our biomarker panel have been shown to

be bonafide candidates involved in cancer pathogenesis. For instance, BIRCS5 is a member
of the inhibitor of apoptosis gene family, which encodes negative regulatory proteins that
prevent apoptotic cell death (46). Tumor growth was found to be reduced under the control
of the BIRC5 promoter, a gene highly up-regulated in ICC (47). CDC20 is an important
regulator that interacts with several other proteins at multiple cell cycle checkpoints,
proliferation and apoptosis (48, 49). Likewise, CDC20 was involved in the modulation of
the cell cycle progression from gap 2 to mitosis transition in ICC (50). Furthermore, CDH2,
encodes a protein called N-cadherin, which is a member of cadherin family that regulates
lots of biological processes (51). Similarly, the protein expression status of CDH2 might
help subtyping and predicting clinical outcomes of ICC (52).

We would like to acknowledge a few potential limitations of our present study. First, our
retrospective study design might result in a potential selection bias. Thus, a prospective
clinical trial is required to further confirm the accuracy of our risk-stratification model.
Second, our study used training and validation cohorts of patients from Japan, who showed
similar clinicopathologic characteristics; such characteristics could potentially vary if one
were to analyze patient populations from other countries. Therefore, it will be important

to validate the selected biomarkers and our risk-stratification model in patient cohorts from
other countries to further reinforce the generalizability of our findings. Third, although

we used imaging modalities as reference standard to identify tumor recurrence sites, such
an approach can potentially underestimate the actual extent of ICC. In future, we plan to
perform prospective study in which we will focus on various morphological and biochemical
parameters, as well as clinical follow up.

In conclusion, using a genome-wide gene expression profiling, we have established a

novel risk-stratification model that was successfully validated in surgical tissue specimens
for accurate identification of high-risk patients with ICC. Pending validation in future
prospective studies, our findings highlight the potential clinical impact of our model for
appropriate selection of patients with ICC, which may improve personalized management of
patients suffering from this malignancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Training and validation phase of a transcriptomic panel for the identification of

recurrence in patients with ICC.

A) A ROC curve for a transcriptomic panel in tissue specimens from training cohort patients
(with recurrence = 37, non-recurrence = 27, AUC = 0.89). B) Risk score distribution

plot in training cohort patients. Modified risk scores were obtained from individual risk
scores by using Youden’s index values from the risk model. C) A ROC curve for the
transcriptomic panel in tissue specimens from validation cohort patients (with recurrence =
109, non-recurrence = 68, AUC = 0.86). D) Risk score distribution plot in validation cohort

patients.
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Figure 2. Prognostic potential of the transcriptomic panel in patients with ICC.
A-B) A comparison of (A) RFS and (B) OS between high and low-risk group estimated

by the panel in the training cohort. C-D) A comparison of (C) RFS and (D) OS between
high and low-risk group estimated by the panel in the validation cohort. E) A homogram
illustrating the probability of RFS. For clinical purposes, the scores of each covariate are
added, and the total score is depicted on the total score point axis.
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Figure 3. Clinical validation of the risk-stratification model in patients with ICC.
A) The risk-stratification model, which combines the transcriptomic panel and clinical risk

factors, outperformed detection accuracy of the transcriptomic panel or risk factors alone

in tissue specimens from validation cohort patients (AUC = 0.89). B-C) Forest plot with
HRs of clinicopathological variables, transcriptomic panel, and risk-stratification model in
univariate (B) and multivariate (C) Cox proportional hazard regression analysis in validation
cohort patients. D) A comparison of RFS between high and low-risk group estimated by the
risk-stratification model in the validation cohort (left panel). The risk-stratification model
would have led to the 5-year recurrence rate of 24% patients with low-risk and 85% patients

with high-risk ICC (right panel).
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Table 1:

Clinicopathological characteristics of clinical cohorts

Characteristics Training cohort (n=64), n (%) Validation cohort (n=177), n (%) P

Age (years) Median (range) 67 (39-87) 71 (37-96) 0.11
Male 43 (67.2) 107 (60.5)

Gender Female 21(32.8) 70 (39.5) 0.34
Recurrence 37 (57.8) 109 (61.6)

Recurrence status Non-recurrence 27 (42.2) 68 (38.4) 0.60
Positive 13 (20.3) 44 (24.9)

Hepatitis virus infection ~ Negative 51 (79.7) 133 (75.1) 0.46
Cirrhosis 22 (34.4) 60 (33.9)
Non-cirrhosis 39 (60.9) 111 (62.7)

Liver cirrhosis Missing 3(4.7) 6(3.4) 0.89
Perihilar 17 (26.6) 67 (37.8)

Tumor location Peripheral 47 (73.4) 110 (62.2) 0.10
>35 39 (60.9) 90 (50.9)

Tumor size (mm) <35 25(39.1) 87 (49.1) 0.18
Small 49 (76.6) 119 (67.2)

Bile duct type Large 15 (23.4) 58 (32.8) 0.16
>5.0 29 (45.3) 58 (32.8)

CEA (ng/ml) <5.0 35 (54.7) 119 (67.2) 0.08
>37 32 (50.0) 87 (49.1)

CA19-9 (U/ml) <37 32 (50.0) 90 (50.9) 0.91
Positive 29 (45.3) 90 (50.9)

Vascular invasion Negative 35 (54.7) 87 (49.1) 0.42
ME 51 (79.7) 120 (67.8)

Macro type PI 13 (14.0) 57 (32.2) 0.07
Yes 26 (40.6) 51 (28.8)
No 38 (59.4) 123 (69.5)

Adjuvant chemotherapy ~ Missing 0(0) 3(17) 0.10
Well 32 (50.0) 62 (35.0)
Moderately 28 (43.8) 79 (44.6)
Poor 4(6.2) 24 (13.6)
Others 0(0) 12 (6.8) 0.16

Differentiation

CA19-9, Carbohydrate antigen 19-9; CEA, Carcinoembryonic antigen; MF, mass forming type; PI, periductal-infiltrative type
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Table 2:

Model performance in estimating the risk of recurrence

Page 18

Variable

Value (95% CI)

GSE107943

TCGA

Training cohort

Validation cohort (RNA

panel)

Validation cohort (Risk

model)

Sensitivity, %

85.0 (62.1-96.8)

69.2 (38.6-90.9)

81.1 (61.7-86.2)

79.8 (71.1-86.9)

85.3 (77.3-91.4)

Specificity, %

87.5 (47.3-99.7)

100.0 (76.8-100.0)

85.2 (79.0-96.8)

70.6 (58.3-81.0)

76.5 (64.6-85.9)

AUC, %

90.7 (73.1-98.4)

89.0 (78.7-95.4)

85.5 (79.5-90.4)

88.6 (82.9-92.9)

PPV, %

94.4 (72.9-99.1)

100.0

88.2 (75.0-94.9)

81.3 (74.8-86.4)

85.3 (79.0-90.0)

NPV, %

(
(
91.9 (75.2-98.8)
(
(

70.0 (44.3-87.2)

77.8 (58.7-88.2)

76.7 (62.3-86.7)

68.6 (59.3-76.6)

76.5 (67.0-83.9)

AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; TCGA, The Cancer Genome

Atlas
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Univariate and multivariate Cox proportional hazard regression analysis for recurrence

Table 3.

Univariate analysis

Multivariate analysis

Factors HR 95% CI p HR 95% ClI p
Training cohort (n=64)
Age
(=70 vs. <70) 1.50 0.78-2.89 0.22
Gender
(Male vs. Female) 0.87  0.44-1.72 0.70
Hepatitis virus infection
(Positive vs. Negative) 0.68  0.28-1.64 0.39
Liver cirrhosis
(Cirrhosis vs. Non-cirrhosis)  1.70  0.87-3.34 0.12
Tumor location
(Perihilar vs. Peripheral) 1.74  0.88-3.42 0.11
Tumor size
(=35mm vs. 35mm) 1.69 0.83-3.43 0.15
Bile duct type
(Large vs. Small) 2.03 1.01-4.06 0.05 153 0.74-3.15 0.25
CEA
(=5.0ng/mL vs. <5.0ng/mL)  1.83  0.96-349  0.07 180 0.93-3.49 0.08
CA19-9
(=37U/mL) vs. <37U/mL) 1.79 0.93-3.45 0.08 1.72 0.87-3.41 0.12
Vascular invasion
(Positive vs. Negative) 190 0.99-3.65 0.06 1.79 0.91-353 0.09
Adjuvant chemotherapy
(Positive vs. Negative) 0.86 0.45-1.67 0.67
RNA panel
(High risk vs. Low risk) 3.22 1.62-6.42  <0.01 287 1.42-581 <0.01
Validation cohort (n=177)
Age
(=70 vs. <70) 1.09 0.74-1.59 0.67
Gender
(Male vs. Female) 124  0.88-3.42 0.11
Hepatitis virus infection
(Positive vs. Negative) 0.70 0.45-1.10 0.12
Liver cirrhosis
(Cirrhosis vs. Non-cirrhosis)  1.28  0.86-1.90 0.23
Tumor location
(Perihilar vs. Peripheral) 114  0.74-1.76 0.54
Tumor size
(=35mm vs. 35mm) 2.35 1.59-3.47 <0.01 146 095-222 0.08
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Univariate analysis Multivariate analysis

Factors HR 95% ClI p HR  95% Cl p
Bile duct type

(Large vs. Small) 137  0.93-2.01 0.11
CEA

(=5.0ng/mL vs. <5.0ng/mL)  1.57 1.03-2.41 0.04 1.04 0.68-157 0.87
CA19-9

(=37U/mL) vs. <37U/mL) 217  1.48-320 <0.01 135 0.88-2.08 0.17

Vascular invasion

(Positive vs. Negative) 2.15 1.46-3.17 <0.01 139 092-2.10 0.12
Adjuvant chemotherapy

(Yes vs. No) 1.45 0.97-2.18 0.07
RNA panel

(High risk vs. Low risk) 2.73 1.86-4.01 <0.01 158 1.02-2.46 0.04
Risk model

(High risk vs. Low risk) 6.08 3.55-10.41 <0.01 349 1.81-6.71 <0.01

CA19-9, Carbohydrate antigen 19-9; CEA, Carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio
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