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Abstract: With the recent advances of next generation sequencing technologies, comprehensive
genomic profiling (CGP) tests, which are designed to measure more than hundreds of cancer-related
genes at a time, have now been widely introduced into daily clinical practice. For the patients whose
tumor samples are not fit for tissue-based CGP tests, a blood-based CGP test (liquid biopsy) is avail-
able as an alternative option. Three CGP tests, “OncoGuide NCC™Oncopanel System (124 genes)”,
“FoundationOne®CDx (324 genes)”, and “Founda-tionOne®CDx Liquid (324 genes)”, are now re-
imbursed by public insurance in 233 hospitals designated for cancer genomic medicine in Japan.
In biliary tract cancer, the prevalence of druggable variants is relatively higher compared to other
cancer types and the European Society for Medical Oncology recommends routine use of CGP
tests for advanced biliary tract cancer to guide treatment options. The latest National Cancer Cen-
ter Network guideline lists eight druggable markers (NTRK fusion, MSI-H, TMB-H, BRAF V600E,
FGFR?2 fusions/rearrangement, IDHI mutations, RET fusion, and HER2 overexpression) and matched
therapies. In Japan, matched therapies for four markers (NTRK, MSI-H, TMB-H, and FGFR2) are
reimbursed by public insurance (as of September 2022). The progress of genomic profiling technology
will contribute to the improvement of the dismal clinical outcomes of this disease in the future.
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1. Introduction

Biliary tract cancer is one of the most aggressive cancers and the sixth leading cause of
cancer death in Japan [1,2]. Surgery is the only curative treatment option; however, many
patients are diagnosed too late for curative resection and even after curative resection,
more than 50% of patients eventually develop disease recurrence [3]. For patients with
unresectable or recurrent disease, systemic chemotherapy is the standard treatment option.
Gemcitabine/ cisplatin (GC) chemotherapy has been the global standard treatment for over
a decade [4]. In addition to GC, gemcitabine/S-1 (GS) and gemcitabine/cisplatin/S-1 (GCS)
are listed as the standard first-line regimens and are commonly used in Japan. In phase III
trials, GS showed non-inferiority to GC [5], whereas GCS showed superiority to GC [6].
GCS was the first regimen that demonstrated survival benefits over GC in a phase III trial.
Since GCS showed significantly higher response rate compared to GC (41.5% vs. 15.0%,
p < 0.001) [6], the efficacy of GCS as a neo-adjuvant treatment for resectable disease has
now been investigated in a randomized phase III trial in Japan (jRCTs031200388). A recent
global phase III trial demonstrated that addition of anti-PD-L1 antibody, Durvalumab, to
GC regimen significantly prolonged overall survival [7]. In spite of the recent progress of
systemic chemotherapy, median survival time of patients with unresectable disease remains
less than 14 months [5-7] and more efforts including preclinical studies have been made to
improve the dismal prognosis of this disease [8].

Biliary tract cancer is a heterogeneous disease and is mainly divided into intrahepatic,
perihilar, and distal subtypes according to their anatomical location. Perihilar and distal
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subtypes are also collectively referred to as extrahepatic disease [9]. Therefore, genomic pro-
filing including the prevalence of druggable variants largely differs between intrahepatic
and extrahepatic subtypes [10-14]. With the advance of next-generation sequencing (NGS)
technology, comprehensive genomic profiling (CGP) tests are attracting more attention
and have been introduced into daily clinical practice by several medical institutions in
Japan since 2015 outside the public reimbursement system [15-17]. In June 2019, two
CGP tests, “OncoGuide NCC™Oncopanel System (Kobe, Japan)”, “FoundationOne®CDx
(Cambridge, MA, USA)”, were approved with reimbursement of 560,000 JPY (approxi-
mately 4300 USD). In August 2021, “FoundationOne®CDx Liquid” was approved with
the same reimbursement system and three CGP tests are now available in 233 hospitals
for cancer genomic medicine designated by the Ministry of Health, Labour and Welfare
(MHLW) [18,19]. According to the registry data of the Center for Cancer Genomics and
Advanced Therapeutics (C-CAT), cases of CGP tests are steadily increasing and more than
32,000 patients underwent CGP tests between June 2019 and June 2022 in Japan [20]. Biliary
tract cancer is the third most common cancer type in CGP tests after colorectal and pan-
creatic cancer in Japan [20]. In this review article, the current clinical practice of precision
medicine using CGP tests in biliary tract cancer in Japan is discussed.

2. Principle Flow of CGP Tests in Japan
2.1. Reimbursed CGP Tests

In Japan, three CGP tests, tissue-blood paired panel (OncoGuide NCC™Oncopanel Sys-
tem), tissue-only panel (FoundationOne®CDXx), and liquid-based panel (FoundationOne®CDx
Liquid), have been approved with reimbursement of 560,000 JPY (approximately 4300 USD)
regardless of panel type. The characteristics of the three panels are summarized in Table 1.
Reimbursement of CGP tests is limited to one time per patient.

Table 1. Features of three reimbursed CGP panels in Japan.

OncoGuide NCC™Oncopanel

System FoundationOne®CDx FoundationOne®CDx Liquid
covered genes 124 324 324
platform tissue and blood paired panel tissue-only panel blood-based panel
Results of MSI-H
Results of TMB-H available for clinical use not available for clinical use
Results of CNV
Secondary findings no additional testing is required confirmatory germline testing is required
Reimbursement cost 560,000 JPY
Arf;fi’r;‘;)f‘rls‘:f‘;;ffr June 2019 August 2021

2.2. Eligible Patients for CGP Tests

Eligible patients for CGP tests are restricted to those who meet the following criteria
in Japan [18].

(1) Patients with locally advanced or metastatic cancer who have failed standard
chemotherapy (includes patients who are expected to exhaust the standard chemotherapy
regimens) or patients with rare solid tumors for which no standard chemotherapy exists.

(2) General condition is expected to remain fit for chemotherapy after the completion
of CGP tests.

Due to criterion 1, patients with unresectable or recurrent biliary tract cancer cannot
undergo CGP tests before initiating first-line chemotherapy in Japan. There is no scientific
rationale for imposing this criterion. In fact, the latest National Cancer Center Network
(NCCN) guidelines on biliary tract cancer propose molecular profiling including microsatel-
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lite instability (MSI) or tumor mutation burden (TMB) for patients with unresectable or
metastatic biliary tract cancer as a routine workup before initiating first-line treatment and
three molecular markers (MSI-H, NTRK fusion, and RET fusion) and matched therapies are
recommended as a treatment option of first-line chemotherapy [21].

2.3. Requirements of Tissue Samples for Tissue-Based CGP Test

Tissue-based CGP tests usually require 10 X 5 pm slices of archival formalin-fixed
paraffin-embedded (FFPE) tissue sample with >20% of tumor cellularity [22]. In addition,
the storage period of FFPE samples is preferred to be less than 3 years to avoid DNA
degradation [22,23]. Tissue sampling using cytology brushes or biopsy forceps under
endoscopy is a standard method for the diagnosis of biliary tract cancer; however, these
methods suffer from low sensitivity due to insufficient tissue samples or difficulties of
operating biopsy forceps when the biliary stricture exists [24]. For these reasons, it is not
easy to obtain sufficient tissue samples that meet the aforementioned requirements for
tissue-based CGP tests in biliary tract cancer. In an earlier study, tissue-based CGP tests
failed in nine (35%) out of 26 patients with biliary tract cancer due to insufficient quantity
or quality of tissue samples [25]. To overcome the shortcomings of existing biopsy methods,
a novel device system with improved performance of pathological diagnosis of biliary tract
cancer has been developed and its clinical utility has been reported in a small cohort [24].

2.4. Assessment of CGP Test Results in an Expert Panel

The Ministry of Health, Labour and Welfare has designated 233 hospitals (12 core
hospitals, 33 hub hospitals, and 188 affiliated hospitals) for cancer genomic medicine and
CGP tests are provided under a reimbursement system in these hospitals (as of Septem-
ber 2022) [19]. Comprehensive Genomic Profiling test results must be reviewed by a
molecular tumor board called an “Expert Panel” for reimbursement [15,18,26]. The pres-
ence of medical oncologists, pathologists, medical geneticists, genetic counselors, experts
of genomic medicine, and treating physicians is required in every expert panel. Among the
233 designated hospitals for cancer genomic medicine, core hospitals (n = 12) and hub hos-
pitals (n = 33) are eligible for holding an expert panel, whereas affiliated hospitals (1 = 188)
are not allowed to hold an expert panel independently. Therefore, affiliated hospitals have
to join an expert panel held by core or hub hospitals. Comprehensive Genomic Profiling test
results are returned to the treating physicians in 3 weeks on average; however, it usually
takes another 2 to 4 weeks to complete the assessment of CGP test results in an expert panel.
Therefore, it usually takes approximately 6 to 8 weeks for treating physicians to convey
the results to patients after ordering a CGP test. For this reason, treating physicians are
required to select patients who will remain fit for chemotherapy for another 6 to 8 weeks
when ordering a CGP test. With the increase in CGP tests, the burden on medical staff
engaged in operating an expert panel is increasing, which could lead to a delay in returning
CGP test results to patients. This issue needs to be resolved as soon as possible.

2.5. Reimbursement System of CGP Tests in Japan

Reimbursement of CGP tests is divided into two steps. The first reimbursement comes
after shipping samples for CGP tests, whereas the second reimbursement comes after the
returning of the CGP test results to patients by treating physicians. Until March 2022, the
first/second reimbursement was 80,000/480,000 JPY, respectively, and hospitals could not
get the second reimbursement when patients died before returning the CGP test results.
According to the national insurance database, approximately 4% of patients could not get
CGP test results due to deterioration of general condition or death [27]. In such cases,
hospitals had to compensate the deficit of CGP test costs. To avoid the increase in financial
burden of the designated hospitals for providing cancer genomic medicine CGP tests, this
system has been amended since April 2022 and the current first/second reimbursement is
440,000/120,000 JPY, respectively. The principle flow of CGP tests in Japan is summarized
in Figure 1.
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Figure 1. Standard flow of CGP tests in Japan.

3. Optimal Timing for Ordering CGP Tests in Patients with Biliary Tract Cancer

As mentioned above, ordering CGP tests before initiating first-line chemotherapy is
not allowed in Japan; however, considering the dismal prognosis of biliary tract cancer,
ordering CGP tests after the exhaustion of standard chemotherapy seems to be too late.
National Cancer Center Network guidelines propose molecular profiling for patients
with unresectable or metastatic biliary tract cancer as a routine workup before initiating
first-line chemotherapy and three molecular markers (MSI-H, NTRK fusion, and RET
fusion) and matched therapies are now recommended as a treatment option of first-line
chemotherapy [21].

To investigate the clinical utility of ordering CGP tests before initiating first-line
chemotherapy, two clinical trials are now underway in Japan. The FIRST-Dx trial is designed
to test FoundationOne®CDx in 180 patients with chemotherapy-naive advanced cancer
(UMIN000042408), whereas the Upfront NCC Oncopanel Advanced medical Care trial
is planned to test OncoGuide NCC™Oncopanel System in 200 patients with non-small
cell lung/breast/gastric/colon/pancreatic/bile duct cancer at the initiation of systemic
chemotherapy (UMIN(000040743).

4. Liquid-Based CGP Tests (Liquid Biopsy) in Biliary Tract Cancer
4.1. Eligible Patients for Liquid Biopsy

As mentioned in Section 2.3, it is challenging to obtain sufficient tissue samples to
meet the requirements for tissue-based CGP tests in patients with biliary tract cancer, unless
primary disease is surgically resected. Repeated biopsy is not realistic in biliary tract cancer
since it accompanies the risk of serious complications such as post-endoscopic retrograde
cholangiopancreatography pancreatitis, infection, or bleeding [28]. For those patients whose
tissue samples are too old or are disqualified for tissue-based CGP tests, liquid-based CGP
tests (liquid biopsy) could be an alternative option. In Japan, FoundationOne®CDx Liquid
has been approved for patients whose tissue samples are not fit for tissue-based CGP tests
or whose tissue-based CGP tests end in failure. In addition to less invasiveness, liquid
biopsy has advantages over tissue-based CGP tests in terms of capturing acquired resistant
variants or tumor heterogeneity and shortening the turnaround time [29,30].

4.2. Performance of Liquid Biopsy in Patients with Biliary tract Cancer

In a retrospective study enrolling 124 patients with biliary tract cancer who underwent
a liquid biopsy, pathogenic variants were found in 76% of patients. With regards to
druggable variants, IDHI mutations and BRAF mutations were identified in 10%, and 2%,
respectively [31], which was comparable with the published studies using tissue samples.
In contrast, FGFR2 fusions and ERBB2 amplifications were identified in 2%, and 5%,
respectively [31], which appeared to be lower compared with the prevalence reported in
tissue samples. Several groups reported high concordance rate between tissue-based CGP
and liquid biopsy in patients with solid tumors [32-34]; however, the concordance rate



Curr. Oncol. 2022, 29

7276

is greatly affected by platforms of liquid biopsy, target variants, tumor volumes, and the
timing of blood sampling. Therefore, additional well-designed studies are warranted to
clarify the concordance rate between tissue-based CGP and liquid biopsy in patients with
biliary tract cancer.

4.3. Drawbacks of Liquid Biopsy
Treating physicians should pay attention to the following drawbacks of liquid biopsy [35].

(1) Results of MSI-H/TMB-H/copy number variations (e.g., ERBB2 amplifications) ob-
tained by FoundationOne®CDx Liquid are not approved for clinical use by MHLW
in Japan.

(2) There is a risk of false negative results due to low levels of circulating tumor DNA
(ctDNA), especially when total tumor volume is low.

(38) Thereis arisk of false positive results due to the contamination of clonal hematopoiesis
with indeterminate potential (CHIP).

The number one drawback derives from MHLW regulation in Japan and is not a uni-
versal one. With regards to MSI-H, Willis et al., reported the high concordance rate of MSI-H
status between tissue-based assays and liquid biopsy, if ctDNA levels were high enough. In
82 patients who were diagnosed with MSI-H using tissue assays (immunohistochemistry,
polymerase chain reaction, NGS), liquid biopsy (Guardant 360) replicated MSI-H in 87%
of patients [36], whereas another study reported the relatively lower prevalence of MSI-H
tumors in liquid biopsy (0.7%) compared to that of tissue-based CGP tests (2.2%) [37].
Yoshino et al. also reported the relatively lower prevalence of TMB-H tumors in liquid
biopsy (13%) compared to that of tissue-based CGP test (19%) [37]. In contrast, TMB results
are estimated to be higher in samples with CHIP contamination [38].

To reduce the risk of false negative results, the timing of blood sampling is rele-
vant. Since ctDNA levels are positively correlated with tumor volumes [39] and drop
after response to chemotherapy [40], physicians should be cautious about the timing of
blood sampling.

Clonal hematopoiesis with indeterminate potential derives from hematopoietic stem
cells harboring acquired variants. The CHIP variants are commonly found in specific genes
and the most common CHIP-related genes include ATM, ASXL1, CHEK2, DNMT3A, TET2,
PPM1D, JAK2, and TP53 [41,42]. The CHIP variants are detected in both plasma and blood
cells, whereas ctDNA variants are detected only in plasma; however, since liquid biopsy
measures only plasma samples, it is difficult to distinguish CHIP variants from ctDNA
variants. In a retrospective study enrolling 69 patients with prostate cancer who underwent
liquid biopsy, CHIP variants were contaminated in 13 patients (19%) [42]. According to
the registry data of C-CAT, the top five genes reported in FoundationOne®CDx Liquid in
patients with biliary tract cancer were TP53, DNMT3A, ATM, CHEK2, and BRCA2, whereas
they were TP53, CDKN2A, KRAS, CDKN2B, and ARIDIA in FoundationOne®CDx. Since
DNMT3A, ATM, and CHEK2 belong to common CHIP-related genes and are not included in
the top five genes in tissue-based CGP tests, contamination of CHIP is highly suspected and
variants of these genes should be interpreted with caution when liquid biopsy is applied.

4.4. Possible Application of Liquid Biopsy Technology for Early Detection of Biliary Tract Cancer

Application of liquid biopsy technology is not limited to CGP, but it may be helpful for
early cancer detection [43]. A large prospective study, called DETECT-A (Detecting cancers
Earlier Through Elective mutation-based blood Collection and Testing), has demonstrated
promising results. This study screened 10,006 women who had no history of cancer by mea-
suring plasma cell-free DNA (cfDNA) and 26 cancers were detected by this approach [44].
Several researchers are testing liquid biopsy technology for early detection of biliary tract
cancer using plasma, bile juice, or urine samples [45—-47]. Since early cancer detection could
lead to curative surgery, its clinical application is warranted.
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5. Representative Druggable Biomarkers in Biliary Tract Cancer

MOSCATO-01 is a prospective clinical trial evaluating the clinical utility of tissue-based
CGP tests in a variety of cancer types [48]. In a cohort of 34 patients with biliary tract cancer,
actionable variants were detected in IDH1/2 (18%), followed by FGFR1/2 (16%), EGFR or
ERBB2/3 (16%), PTEN (14%), MDM?2 (10%), and PIK3CA (10%). In total, any actionable
variants were found in 23 patients (68%) and 18 patients (53%) received matched therapy,
which led to a 33% of response rate [49]. The higher prevalence of actionable variants
(68%) was partly attributable to the broader definition of actionable variants applied in
this trial. For example, PTEN, MDM?2, and PIK3CA are not considered to be druggable
markers for patients with biliary tract cancer under the latest knowledge. As mentioned
above, the latest NCCN guidelines recommend genomic profiling as a routine workup
for patients with metastatic disease [21]. The ESMO Precision Medicine Working Group
also recommends routine use of tissue-based CGP tests in biliary tract cancer along with
three other cancer types (non-small cell lung/prostate/ovarian cancer), based on the high
prevalence of druggable markers in these four cancer types [50]. Currently, eight molecular
markers (NTRK fusion, MSI-H, TMB-H, BRAF V600E, FGFR? fusions/rearrangement, IDH1
mutations, HER2 overexpression, and RET fusions) and matched therapies are listed in the
latest NCCN guidelines [21]. Among these eight molecularly targeted therapies, six are
approved by the Food and Drug Administration (FDA) for biliary tract cancer, whereas
four are approved by MHLW (Table 2). Although background characteristics of biliary tract
cancer, including the prevalence of major druggable markers, do not largely differ between
Japanese patients and those of other ethnic groups, there is a gap in drug approval between
the FDA and MHLW. Matched drugs for IDH1 mutations (ivosidenib) and BRAF V600E
(dabrafenib plus trametinib) are awaited for approval with reimbursement by MHLW in
Japan. The prevalence of druggable markers and the pivotal clinal trial results of matched
therapies are summarized in Table 2.

Table 2. Druggable markers listed in NCCN guidelines.

FDA MHLW Prevalence in
Matched Drug ORR 0s Approval  Approval Biliary Tract Cancer
MSI-H Pembrolizumab 40.9% (9/20) [51] 24.3 months [51] Yes Yes 1.6% (23/1017) [52]
. Entrectinib o - o -
NTRK fusion Larotrectinib 79% (121/153) [53] not reached [53] Yes Yes 0.15% (6/3905) [54]
TMB-H Pembrolizumab 29% (30/102) [55] 11.7 months [55] Yes Yes 3.4% (6/177) [56]
FGFR?2 fusion/ s o intrahepatic 7.4% (20/272)
rearrangement Pemigatinib 35.5% (38/107) [57] 21.1 months [57] Yes Yes extrahepatic 2.0% (3/151) [58]
Dabrafenib+ o intrahepatic 3% (5/159)
BRAF V600E Trametinib 46.5% (20/43) [59] 14 months [59] Yes No extrahepatic 0% (0/218) [60]
. S o intrahepatic 13% (552/4214)
IDH1 mutaion Ivosidenib 2% (3/124) [61] 10.8 months [61] Yes No extrahepatic 0.8% (9/1123) [62]
HER2 Pertuzumab+ o intrahepatic 3% (7/224)
overexpression Trasutuzumab 23% (9/39) [63] 10.9 months [63] No No extrahepatic 14% (14/97) [64]
RET fusion Pralsetinib 57% (13/23) [65] 14 months [65] No No very low
5.1. MSI-H

Pembrolizumab is approved by the FDA and MHLW for patients with MSI-H in a
tumor-agnostic manner based on the results of the Keynote-158 study [51]. The Keynote-158
study aimed to investigate the efficacy of pembrolizumab for patients with non-colorectal
MSI-H cancer and 233 patients with 27 cancer types were enrolled. The primary end-
point of the overall response rate (ORR) was 34.3% and median overall survival (OS)
was 23.5 months. In a biliary tract cancer cohort enrolling 22 patients who failed prior
chemotherapy, pembrolizumab demonstrated 40.9% of ORR and 24.3 months of median
OS [51]. The prevalence of MSI-H in biliary tract cancer was reported to be 1.6% (23/1017)
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in a nationwide large-scale investigation of microsatellite instability status [52]. MSI-H tu-
mors are closely correlated with Lynch syndrome, which is caused by pathogenic germline
variants of MLH1, MSH2, MSH6 or PMS2 [66]. In a retrospective study, the proportion of
Lynch syndrome-associated biliary tract cancer was reported to be 0.4% (8/1899) [67].

5.2. NTRK Fusion

For patients with NTRK fusion-positive solid tumors, two TRK inhibitors, entrectinib
and larotorectinib, are approved by the FDA and MHLW in a tumor-agnostic manner. In
a phase I/1I clinical trial enrolling 54 patients with NTRK fusion-positive solid tumors,
entrectinib demonstrated 57% of ORR and 10 months of median duration of response [68].
Only one biliary tract cancer patient was enrolled in this study and showed partial response.
In contrast, larotrectinib showed 79% of ORR in a pooled analysis of three phase I/1I clinical
trials (n = 153) [53]. Notably, complete response was observed in 24 patients (16%) and
the median duration of response was 35.2 months and median OS was not reached [53].
Two patients with biliary tract cancer were enrolled and one showed partial response. The
prevalence of NTRK fusions is estimated to be extremely rare in biliary tract cancer, and
only 0.15% of patients (6/3905) harbored this variant [54]. In spite of its extremely low
prevalence, NCCN guidelines now list entrectinib and larotrectinib as a treatment option
for patients with NTRK fusion-positive biliary tract cancer at the first or subsequent-line
settings [21].

5.3. Tumor Mutation Burden (TMB)-H

Pembrolizumab is approved by the FDA and MHLW for TMB-H (>10 Mb) solid
tumors in a tumor-agnostic manner based on the results of the KEYNOTE-158 study. In this
study, pembrolizumab showed 29% of ORR (30/102) in patients with TMB-H tumors [55];
however, OS was not significantly different between TMB-H and non-TMB-H groups
(11.7 months vs. 12.8 months) [55]. None of the 63 patients with biliary tract cancer
enrolled in KEYNOTE-158 was diagnosed with TMB-H tumors. According to the study
by Vanderwalde et al., TMB-H was found in 6 out of 177 patients with biliary tract cancer
(3.4%) [56]. Among the six patients with TMB-H tumors, three patients overlapped with
MSI-H tumors. In solid tumors, up to 75% of MSI-H tumors were overlapped with TMB-H
tumors [56]. Therefore, the total number of patients with pure TMB-H (without MSI-H)
tumors was estimated to be lower than the total number with TMB-H tumors. Several
recent studies have reported that pure TMB-H tumors could not predict a good response to
immune checkpoint inhibitors in several cancer types [69,70]. Further studies are warranted
to clarify the true prevalence of pure TMB-H tumors and their responsiveness to immune
checkpoint inhibitors in biliary tract cancer.

5.4. FGFR?2 Fusion/Rearrangement

In a phase II study enrolling 107 patients with FGFR2 fusion/rearrangement pos-
itive biliary tract cancer who failed prior chemotherapy (FIGHT-202), pemigatinib, an
oral inhibitor of FGFR 1-3, demonstrated 35.5% of ORR, which met the predefined ORR
of 33% [57]. Median progression-free survival and OS were 6.9 and 21.1 months, respec-
tively [57]. Based on these results, pemigatinib was approved for FGFR2 fusion/rearrangement
positive biliary tract cancer by the FDA and MHLW [71]. A recent prospective observa-
tional study using fluorescent in situ hybridization (FISH) reported that the prevalence
of FGFR?2 fusion/rearrangement was 5.6% (25/445) in Japanese patients with biliary tract
cancer [58]. According to the study by Maruki et al., among 25 patients with FGFR2
fusion/rearrangement-positive tumors, 21 and 4 patients had intrahepatic and perihilar
disease, respectively. In contrast, FGFR2 fusion/rearrangement were not found in 68 pa-
tients with extrahepatic disease. Thus, the prevalence of FGFR?2 fusion/rearrangement was
mainly restricted to intrahepatic and perihilar disease.
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5.5. BRAF V600E

In Rare Oncology Agnostic Research (ROAR) basket trial targeting solid tumors with
BRAF V600E, 43 patients with BRAF V600E-mutated biliary tract cancer were enrolled and
dabrafenib (BRAF inhibitor) plus trametinib (MEK inhibitor) showed 47% of ORR and
14 months of median OS [59]. In addition to the data from the ROAR trial, results from
two other clinical trials (NCT02465060/NCT02124772) testing dabrafenib plus trametinib
combination therapy on solid tumors with BRAF V600E were evaluated for its safety
and efficacy. The overall response rate was 41% (54/131) in adult patients. Based on the
data from these three clinical trials, dabrafenib plus trametinib combination therapy has
recently been approved by the FDA for metastatic solid tumors harboring BRAF V600E
in a tumor-agnostic manner [72]. In the ROAR trial, 626 patients with biliary tract cancer
were prescreened for BRAF V600E and 57 patients (9.1%) were found to harbor this variant.
BRAF V600E is exclusively observed in intrahepatic disease and its prevalence was reported
to be 1.3% (5/377) [60] or 2.7% (11/412) [73] in other studies.

5.6. IDH1 Mutation

In a randomized phase III study enrolling 230 patients with IDHI mutated bil-
iary tract cancer, ivosidenib, an oral inhibitor of mutated IDH1, significantly improved
progression-free survival compared with the placebo (2.7 months vs. 1.4 months, hazard
ratio 0.37, p < 0.0001) [61]. Although ivosidenib failed to show a significant survival benefit
(10.8 months vs. 9.7 months, hazard ratio 0.69, p = 0.06), this drug is now approved by the
FDA and is recommended for patients with IDH1 mutation at the second or subsequent-line
settings. A systematic literature review reported that the prevalence of IDH1 activating
mutation was 13.1% (552/4214) in patients with intrahepatic disease, whereas it was just
0.8% (9/1123) in patients with extrahepatic disease [62].

5.7. HER2 Overexpression

The efficacy of pertuzumab plus trastuzumab, both of which were anti-HER2 antibod-
ies, was tested for patients with HER2-positive solid tumors who failed prior chemotherapy
in Mypathway basket study. In a cohort of 39 patients with biliary tract cancer, nine patients
showed partial response and ORR was 23% [63]. Median progression-free survival and OS
were 4.0 months and 10.9 months, respectively.

A recent phase Il trial testing the efficacy of trastuzumab deruxtecan, an antibody—
drug conjugate (ADC) drug composed of trastuzumab and topoisomerase I inhibitor, on
patients with HER2-positive biliary tract cancer reported promising efficacy [74]. Among
22 evaluable patients with HER2-positive biliary tract cancer, two and six patients showed
complete/partial response, respectively, and ORR was 36.4%. Although NCCN guidelines
recommend trastuzumab plus pertuzumab for HER?2 positive biliary tract cancer, this
combination therapy has not yet been approved by the FDA. The prevalence of HER2
amplification was reported to be 3%/14% in intrahepatic/extrahepatic disease, respec-
tively [64].

5.8. RET Fusion

In a phase I/1I basket trial of RET inhibitor, pralsetinib, 29 patients with RET fusion-
positive solid tumors were enrolled. ORR was 57% in 23 evaluable patients, and two out of
three patients with biliary tract cancer showed partial response [65]. Median duration of
response and OS were 12 months and 14 months, respectively. Authors concluded that RET
fusion is a tumor-agnostic target for RET inhibitor and the latest NCCN guidelines now
list pralsetinib as a treatment option for RET fusion-positive biliary tract cancer from the
first-line setting [21]. At this time (as of September 2022), FDA approval of pralsetinib is
restricted to RET fusion-positive non-small cell lung and thyroid cancers. The prevalence
of RET fusion is estimated to be extremely low in biliary tract cancer and no cases were
identified in 1573 patients with biliary tract cancer registered in cBioPortal [75].
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5.9. KRAS G12C

In a phase I/1I basket trial (NCT03785249) of KRAS G12C inhibitor adagrasib, 42 pa-
tients with KRAS G12C positive gastrointestinal cancers including eight biliary tract cancer
cases were enrolled in a phase II cohort. Among 27 evaluable patients, ORR and disease
control rate were 41%/100%, respectively [76]. At this time (as of September 2022), there
are no molecularly targeted therapy recommendations for KRAS G12C positive biliary tract
cancer in NCCN guidelines. KRAS G12C was identified in 0.6% (11/1573) of patients with
biliary tract cancer registered in cBioPortal [75].

6. Germline Pathogenic Variants Identified in CGP Tests

In addition to measuring druggable markers, CGP tests can disclose the germline
pathogenic variants linked with hereditary cancer risk, which are so-called “secondary
findings” [77]. Since this information can potentially assist cancer screening or preven-
tion in family members who harbor the same variants, the American College of Medical
Genetics and Genomics has published a minimum gene list for reporting secondary find-
ings in clinical sequencing [77,78]. In CCP tests, up to 10% of patients harbor pathogenic
germline variants [79-81]. In a study enrolling 146 Japanese patients with biliary tract
cancer, pathogenic germline variants were found in 11% of patients [12]. Homologous re-
combinant repair-related genes (e.g., BRCA1/2, ATM) were most common (1 = 9), followed
by Lynch syndrome-related genes (MLH1 and MSH2, n = 3 and 1, respectively). Except for
tissue-blood paired panels (e.g., OncoGuide NCC™Oncopanel System), tissue-only panels
(e.g., FoundationOne®CDx) or liquid biopsy (e.g., FoundationOne®CDx Liquid) requires
confirmatory germline testing for presumed germline pathogenic variants (PGPVs) to de-
termine the true origin. However, the proportion of patients who proceed to confirmatory
germline testing for PGPVs is low in Japan, probably due to the cost issue. Confirmatory
germline testing is not reimbursed by public insurance and patients have to pay for the test
fee out of pocket. In fact, among 2891 Japanese patients with advanced cancer who under-
went FoundationOne®CDx, PGPVs were found in 239 patients (10%); however, less than
30% of patients with PGPVs proceeded to confirmatory germline testing, and pathogenic
germline variants were confirmed in only 35 patients (1%) [82]. This figure is much lower
compared to the published studies reporting an approximate 10% prevalence of pathogenic
germline variants in CGP tests [79-81] and more patients with true pathogenic germline
variants are likely to be missed in CGP tests in Japan.

7. Conclusions

Precision medicine using CGP tests is growing rapidly in daily clinical practice in
Japan. The treatment options based on CGP are also expanding and eight molecularly
matched therapies are now listed in the latest NCCN guidelines. The better understanding
of underlying mechanisms of biliary tract cancer through genomic profiling will change
the treatment algorism and contribute to the improvement of its dismal clinical outcome in
the future.

Funding: This research received no external funding.

Conflicts of Interest: Masashi Kanai owns equity and is the scientific consultant of Therabiopharma
Inc. and received lecture fees from Chugai Pharmaceutical Co., Ltd.

1. Valle, ].W.; Kelley, R.K.; Nervi, B.; Oh, D.Y.; Zhu, A X. Biliary tract cancer. Lancet 2021, 397, 428-444. [CrossRef]

2. Available online: https://ganjoho.jp/public/qa_links/report/statistics /2022_en.html (accessed on 21 August 2022).

3. Primrose, ].N.; Fox, R.P; Palmer, D.H.; Malik, H.Z.; Prasad, R.; Mirza, D.; Anthony, A.; Corrie, P.,; Falk, S.; Finch-Jones, M.;
et al. Capecitabine compared with observation in resected biliary tract cancer (BILCAP): A randomised, controlled, multicentre,
phase 3 study. Lancet Oncol. 2019, 20, 663—673. [CrossRef]

4. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.; Pereira,
S.P; et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N. Engl. |. Med. 2010, 362, 1273-1281. [CrossRef]


http://doi.org/10.1016/S0140-6736(21)00153-7
https://ganjoho.jp/public/qa_links/report/statistics/2022_en.html
http://doi.org/10.1016/S1470-2045(18)30915-X
http://doi.org/10.1056/NEJMoa0908721

Curr. Oncol. 2022, 29 7281

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

Morizane, C.; Okusaka, T.; Mizusawa, J.; Katayama, H.; Ueno, M.; Ikeda, M.; Ozaka, M.; Okano, N.; Sugimori, K.; Fukutomi,
A.; et al. Combination gemcitabine plus S-1 versus gemcitabine plus cisplatin for advanced/recurrent biliary tract cancer: The
FUGA-BT (JCOG1113) randomized phase III clinical trial. Ann. Oncol. 2019, 30, 1950-1958. [CrossRef] [PubMed]

Sakai, D.; Kanai, M.; Kobayashi, S.; Eguchi, H.; Baba, H.; Seo, S.; Taketomi, A.; Takayama, T.; Yamaue, H.; Ishioka, C.; et al.
Randomized phase III study of Gemcitabine, Cisplatin plus S-1 (GCS) versus Gemcitabine, Cisplatin (GC) for Advanced Biliary
Tract Cancer (KHBO1401-MITSUBA). J. Hepato-Biliary Pancreat. Sci. 2022. [CrossRef]

Oh, D.-Y,; He, AR; Qin, S.; Chen, L.-T.; Okusaka, T.; Vogel, A.; Kim, ].W.; Suksombooncharoen, T.; Lee, M.A.; Kitano, M.; et al.
A phase 3 randomized, double-blind, placebo-controlled study of durvalumab in combination with gemcitabine plus cisplatin
(GemCis) in patients (pts) with advanced biliary tract cancer (BTC): TOPAZ-1. J. Clin. Oncol. 2022, 40, 378. [CrossRef]

Massa, A.; Varamo, C.; Vita, F,; Tavolari, S.; Peraldo-Neia, C.; Brandi, G.; Rizzo, A.; Cavalloni, G.; Aglietta, M. Evolution of the
Experimental Models of Cholangiocarcinoma. Cancers 2020, 12, 2308. [CrossRef] [PubMed]

Khan, A.S.; Dageforde, L.A. Cholangiocarcinoma. Surg. Clin. N. Am. 2019, 99, 315-335. [CrossRef]

Nakamura, H.; Arai, Y.; Totoki, Y.; Shirota, T.; E1Zawahry, A.; Kato, M.; Hama, N.; Hosoda, F.; Urushidate, T.; Ohashi, S.; et al.
Genomic spectra of biliary tract cancer. Nat. Genet. 2015, 47, 1003-1010. [CrossRef] [PubMed]

Jusakul, A.; Cutcutache, I.; Yong, C.H.; Lim, ].Q.; Ni Huang, M.; Padmanabhan, N.; Nellore, V.; Kongpetch, S.; Ng, A.W.T,; Ng,
L.M,; et al. Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma. Cancer Discov.
2017, 7, 1116-1135. [CrossRef]

Wardell, C.P; Fujita, M.; Yamada, T.; Simbolo, M.; Fassan, M.; Karlic, R.; Polak, P; Kim, J.; Hatanaka, Y.; Maejima, K ; et al.
Genomic characterization of biliary tract cancers identifies driver genes and predisposing mutations. J. Hepatol. 2018, 68, 959-969.
[CrossRef] [PubMed]

Kendall, T,; Verheij, J.; Gaudio, E.; Evert, M.; Guido, M.; Goeppert, B.; Carpino, G. Anatomical, histomorphological and molecular
classification of cholangiocarcinoma. Liver Int. 2019, 39 (Suppl. S1), 7-18. [CrossRef]

Lowery, M.A; Ptashkin, R.; Jordan, E.; Berger, M.E,; Zehir, A.; Capanu, M.; Kemeny, N.E.; O'Reilly, E.M.; El-Dika, I.; Jarnagin,
W.R,; et al. Comprehensive Molecular Profiling of Intrahepatic and Extrahepatic Cholangiocarcinomas: Potential Targets for
Intervention. Clin. Cancer Res. 2018, 24, 4154-4161. [CrossRef] [PubMed]

Kou, T; Kanai, M.; Yamamoto, Y.; Kamada, M.; Nakatsui, M.; Sakuma, T.; Mochizuki, H.; Hiroshima, A.; Sugiyama, A.; Nakamura,
E.; et al. Clinical sequencing using a next-generation sequencing-based multiplex gene assay in patients with advanced solid
tumors. Cancer Sci. 2017, 108, 1440-1446. [CrossRef] [PubMed]

Sunami, K.; Ichikawa, H.; Kubo, T.; Kato, M.; Fujiwara, Y.; Shimomura, A.; Koyama, T.; Kakishima, H.; Kitami, M.; Matsushita, H.;
et al. Feasibility and utility of a panel testing for 114 cancer-associated genes in a clinical setting: A hospital-based study. Cancer
Sci. 2019, 110, 1480-1490. [CrossRef]

Kondo, T.; Matsubara, J.; Quy, PN.; Fukuyama, K.; Nomura, M.; Funakoshi, T.; Doi, K.; Sakamori, Y.; Yoshioka, M.; Yokoyama, A.;
et al. Comprehensive genomic profiling for patients with chemotherapy-naive advanced cancer. Cancer Sci. 2021, 112, 296-304.
[CrossRef] [PubMed]

Ebi, H.; Bando, H. Precision Oncology and the Universal Health Coverage System in Japan. JCO Precis. Oncol. 2019, 3, 1-12.
[CrossRef] [PubMed]

Available online: https://for-patients.c-cat.ncc.go.jp/knowledge/cancer_genomic_medicine/get_tested.html#get_tested (ac-
cessed on 21 August 2022).

Available online: https:/ /for-patients.c-cat.ncc.go.jp/library /statistics/ (accessed on 21 August 2022).

NCCN Clinical Practice Guideline: Biliary Tract Cancers. Ver 1. 2022. Available online: https:/ /wwwnccnorg/professionals/
physician_gls/pdf/hepatobiliarypdf (accessed on 21 August 2022).

Naito, Y.; Aburatani, H.; Amano, T.; Baba, E.; Furukawa, T.; Hayashida, T.; Hiyama, E.; Ikeda, S.; Kanai, M.; Kato, M.; et al.
Clinical practice guidance for next-generation sequencing in cancer diagnosis and treatment (edition 2.1). Int. J. Clin. Oncol. 2021,
26, 233-283. [CrossRef] [PubMed]

Quy, PN,; Kanai, M.; Fukuyama, K.; Kou, T.; Kondo, T.; Yamamoto, Y.; Matsubara, J.; Hiroshima, A.; Mochizuki, H.; Sakuma, T.;
et al. Association Between Preanalytical Factors and Tumor Mutational Burden Estimated by Next-Generation Sequencing-Based
Multiplex Gene Panel Assay. Oncologist 2019, 24, e1401-e1408. [CrossRef]

Matsumori, T.; Uza, N.; Shiokawa, M.; Maruno, T.; Nishikawa, Y.; Morita, T.; Kuwada, T.; Marui, S.; Okada, H.; Taura, K ; et al.
Clinical impact of a novel device delivery system in the diagnosis of bile duct lesions: A single-center experience. J. Gastroenterol.
Hepatol. 2022, 37, 1360-1366. [CrossRef] [PubMed]

Zill, O.A.; Greene, C.; Sebisanovic, D.; Siew, L.M.; Leng, J.; Vu, M.; Hendifar, A.E.; Wang, Z.; Atreya, C.E.; Kelley, R K.; et al.
Cell-Free DNA Next-Generation Sequencing in Pancreatobiliary Carcinomas. Cancer Discov. 2015, 5, 1040-1048. [CrossRef]
Sunami, K.; Naito, Y.; Aimono, E.; Amano, T.; Ennishi, D.; Kage, H.; Kanai, M.; Komine, K.; Koyama, T.; Maeda, T.; et al. The
initial assessment of expert panel performance in core hospitals for cancer genomic medicine in Japan. Int. . Clin. Oncol. 2021, 26,
443-449. [CrossRef] [PubMed]

Available online: https://www.mhlw.go.jp/content/12404000/000846288.pdf (accessed on 21 August 2022).

Dumonceau, J.-M.; Kapral, C.; Aabakken, L.; Papanikolaou, L.S.; Tringali, A.; Vanbiervliet, G.; Beyna, T.; Dinis-Ribeiro, M.; Hritz, L;
Mariani, A.; et al. ERCP-related adverse events: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2020, 52, 127-149. [CrossRef] [PubMed]


http://doi.org/10.1093/annonc/mdz402
http://www.ncbi.nlm.nih.gov/pubmed/31566666
http://doi.org/10.1093/annonc/mdy282
http://doi.org/10.1200/JCO.2022.40.4_suppl.378
http://doi.org/10.3390/cancers12082308
http://www.ncbi.nlm.nih.gov/pubmed/32824407
http://doi.org/10.1016/j.suc.2018.12.004
http://doi.org/10.1038/ng.3375
http://www.ncbi.nlm.nih.gov/pubmed/26258846
http://doi.org/10.1158/2159-8290.CD-17-0368
http://doi.org/10.1016/j.jhep.2018.01.009
http://www.ncbi.nlm.nih.gov/pubmed/29360550
http://doi.org/10.1111/liv.14093
http://doi.org/10.1158/1078-0432.CCR-18-0078
http://www.ncbi.nlm.nih.gov/pubmed/29848569
http://doi.org/10.1111/cas.13265
http://www.ncbi.nlm.nih.gov/pubmed/28440963
http://doi.org/10.1111/cas.13969
http://doi.org/10.1111/cas.14674
http://www.ncbi.nlm.nih.gov/pubmed/33007138
http://doi.org/10.1200/PO.19.00291
http://www.ncbi.nlm.nih.gov/pubmed/32923862
https://for-patients.c-cat.ncc.go.jp/knowledge/cancer_genomic_medicine/get_tested.html#get_tested
https://for-patients.c-cat.ncc.go.jp/library/statistics/
https://wwwnccnorg/professionals/physician_gls/pdf/hepatobiliarypdf
https://wwwnccnorg/professionals/physician_gls/pdf/hepatobiliarypdf
http://doi.org/10.1007/s10147-020-01831-6
http://www.ncbi.nlm.nih.gov/pubmed/33249514
http://doi.org/10.1634/theoncologist.2018-0587
http://doi.org/10.1111/jgh.15866
http://www.ncbi.nlm.nih.gov/pubmed/35434844
http://doi.org/10.1158/2159-8290.CD-15-0274
http://doi.org/10.1007/s10147-020-01844-1
http://www.ncbi.nlm.nih.gov/pubmed/33385275
https://www.mhlw.go.jp/content/12404000/000846288.pdf
http://doi.org/10.1055/a-1075-4080
http://www.ncbi.nlm.nih.gov/pubmed/31863440

Curr. Oncol. 2022, 29 7282

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

Parikh, A.R.; Leshchiner, I.; Elagina, L.; Goyal, L.; Levovitz, C.; Siravegna, G.; Livitz, D.; Rhrissorrakrai, K.; Martin, E.E.; Van
Seventer, E.E.; et al. Liquid versus tissue biopsy for detecting acquired resistance and tumor heterogeneity in gastrointestinal
cancers. Nat. Med. 2019, 25, 1415-1421. [CrossRef] [PubMed]

Nakamura, Y.; Taniguchi, H.; Ikeda, M.; Bando, H.; Kato, K.; Morizane, C.; Esaki, T.; Komatsu, Y.; Kawamoto, Y.; Takahashi, N.;
et al. Clinical utility of circulating tumor DNA sequencing in advanced gastrointestinal cancer: SCRUM-Japan GI-SCREEN and
GOZILA studies. Nat. Med. 2020, 26, 1859-1864. [CrossRef]

Mody, K.; Kasi, PM.; Yang, J.; Surapaneni, PK.; Bekaii-Saab, T.; Ahn, D.H.; Mahipal, A.; Sonbol, M.B.; Starr, ].S.; Roberts, A.; et al.
Circulating Tumor DNA Profiling of Advanced Biliary Tract Cancers. JCO Precis. Oncol. 2019, 3, 1-9. [CrossRef]

Gupta, R.; Othman, T.; Chen, C.; Sandhu, J.; Ouyang, C.; Fakih, M. Guardant360 Circulating Tumor DNA Assay Is Concordant
with FoundationOne Next-Generation Sequencing in Detecting Actionable Driver Mutations in Anti-EGFR Naive Metastatic
Colorectal Cancer. Oncologist 2020, 25, 235-243. [CrossRef]

Woodhouse, R; Li, M.; Hughes, ].; Delfosse, D.; Skoletsky, J.; Ma, P.; Meng, W.; Dewal, N.; Milbury, C.; Clark, T.; et al. Clinical and
analytical validation of FoundationOne Liquid CDx, a novel 324-Gene cfDNA-based comprehensive genomic profiling assay for
cancers of solid tumor origin. PLoS ONE 2020, 15, e0237802. [CrossRef]

Lee, J.K.; Hazar-Rethinam, M.; Decker, B.; Gjoerup, O.; Madison, R.W.; Lieber, D.S.; Chung, J.H.; Schrock, A.B.; Creeden, J.;
Venstrom, ].M.; et al. The Pan-Tumor Landscape of Targetable Kinase Fusions in Circulating Tumor DNA. Clin. Cancer Res. 2022,
28,728-737. [CrossRef]

Imai, M.; Nakamura, Y.; Sunami, K.; Kage, H.; Komine, K.; Koyama, T.; Amano, T.; Ennishi, D.; Kanai, M.; Kenmotsu, H.; et al.
Expert Panel Consensus Recommendations on the Use of Circulating Tumor DNA Assays for Patients with Advanced Solid
Tumors. Cancer Sci. 2022. [CrossRef]

Willis, J.; Lefterova, M.L; Artyomenko, A.; Kasi, PM.; Nakamura, Y.; Mody, K.; Catenacci, D.V.T.; Fakih, M.; Barbacioru, C.; Zhao,
J.; et al. Validation of Microsatellite Instability Detection Using a Comprehensive Plasma-Based Genotyping Panel. Clin. Cancer
Res. 2019, 25, 7035-7045. [CrossRef] [PubMed]

Yoshino, T.; Tukachinsky, H.; Lee, ].K.; Sokol, E.; Pavlick, D.C.; Aiyer, A.; Fabrizio, D.; Venstrom, ].M.; Mishima, S.; Nakamura, Y.;
et al. Genomic immunotherapy (I0) biomarkers detected on comprehensive genomic profiling (CGP) of tissue and circulating
tumor DNA (ctDNA). J. Clin. Oncol. 2021, 39, 2541. [CrossRef]

Razavi, P; Li, B.T.; Brown, D.N.; Jung, B.; Hubbell, E.; Shen, R.; Abida, W.; Juluru, K.; De Bruijn, I.; Hou, C.; et al. High-intensity
sequencing reveals the sources of plasma circulating cell-free DNA variants. Nat. Med. 2019, 25, 1928-1937. [CrossRef] [PubMed]
Bettegowda, C.; Sausen, M.; Leary, R.J.; Kinde, I.; Wang, Y.; Agrawal, N.; Bartlett, B.R.; Wang, H.; Luber, B.; Alani, R.M.; et al.
Detection of circulating tumor DNA in early- and late-stage human malignancies. Sci. Transl. Med. 2014, 6, 224ra224. [CrossRef]
Han, X.; Han, Y; Tan, Q.; Huang, Y.; Yang, J.; Yang, S.; He, X.; Zhou, S.; Song, Y.; Pi, ].; et al. Tracking longitudinal genetic changes
of circulating tumor DNA (ctDNA) in advanced Lung adenocarcinoma treated with chemotherapy. J. Transl. Med. 2019, 17, 339.
[CrossRef]

Jaiswal, S. Clonal hematopoiesis and nonhematologic disorders. Blood 2020, 136, 1606-1614.

Jensen, K.; Konnick, E.Q.; Schweizer, M.T.; Sokolova, A.O.; Grivas, P.; Cheng, H.H.; Klemfuss, N.M.; Beightol, M.; Yu, E.Y,;
Nelson, P.S.; et al. Association of Clonal Hematopoiesis in DNA Repair Genes with Prostate Cancer Plasma Cell-free DNA Testing
Interference. JAMA Oncol. 2021, 7, 107-110. [CrossRef]

Corcoran, R.B.; Chabner, B.A. Application of Cell-free DNA Analysis to Cancer Treatment. N. Engl. J. Med. 2018, 379, 1754-1765.
[CrossRef]

Lennon, A.M.; Buchanan, A.H.; Kinde, I.; Warren, A.; Honushefsky, A.; Cohain, A.T.; Ledbetter, D.H.; Sanfilippo, E; Sheridan, K,;
Rosica, D.; et al. Feasibility of blood testing combined with PET-CT to screen for cancer and guide intervention. Science 2020,
369, eabb9601. [CrossRef]

Rizzo, A.; Ricci, A.D.; Tavolari, S.; Brandi, G. Circulating Tumor DNA in Biliary Tract Cancer: Current Evidence and Future
Perspectives. Cancer Genom. Proteom. 2020, 17, 441-452. [CrossRef]

Gou, Q.; Zhang, C.; Sun, Z.; Wu, L.; Chen, Y.; Mo, Z.; Mai, Q.; He, J.; Zhou, Z.; Shi, F; et al. Cell-free DNA from bile outperformed
plasma as a potential alternative to tissue biopsy in biliary tract cancer. ESMO Open 2021, 6, 100275. [CrossRef] [PubMed]
Shen, N.; Zhu, B.; Zhang, W.; Nian, B.; Xu, X,; Yu, L.; Ruan, X.; Chen, S.; Liu, Y.; Cao, X,; et al. Comprehensive Evaluation and
Application of a Novel Method to Isolate Cell-Free DNA Derived from Bile of Biliary Tract Cancer Patients. Front. Oncol. 2022,
12,891917. [CrossRef]

Massard, C.; Michiels, S.; Ferté, C.; Le Deley, M.-C.; Lacroix, L.; Hollebecque, A.; Verlingue, L.; Ileana, E.; Rosellini, S.; Ammari, S.;
et al. High-Throughput Genomics and Clinical Outcome in Hard-to-Treat Advanced Cancers: Results of the MOSCATO 01 Trial.
Cancer Discov. 2017, 7, 586-595. [CrossRef] [PubMed]

Verlingue, L.; Malka, D.; Allorant, A.; Massard, C.; Ferté, C.; Lacroix, L.; Rouleau, E.; Auger, N.; Ngo, M.; Nicotra, C.; et al.
Precision medicine for patients with advanced biliary tract cancers: An effective strategy within the prospective MOSCATO-01
trial. Eur. J. Cancer 2017, 87, 122-130. [CrossRef]

Mosele, F.; Remon, J.; Mateo, J.; Westphalen, C.B.; Barlesi, F.; Lolkema, M.P.; Normanno, N.; Scarpa, A.; Robson, M.; Meric-
Bernstam, F; et al. Recommendations for the use of next-generation sequencing (NGS) for patients with metastatic cancers: A
report from the ESMO Precision Medicine Working Group. Ann. Oncol. 2020, 31, 1491-1505. [CrossRef] [PubMed]


http://doi.org/10.1038/s41591-019-0561-9
http://www.ncbi.nlm.nih.gov/pubmed/31501609
http://doi.org/10.1038/s41591-020-1063-5
http://doi.org/10.1200/PO.18.00324
http://doi.org/10.1634/theoncologist.2019-0441
http://doi.org/10.1371/journal.pone.0237802
http://doi.org/10.1158/1078-0432.CCR-21-2136
http://doi.org/10.1111/cas.15504
http://doi.org/10.1158/1078-0432.CCR-19-1324
http://www.ncbi.nlm.nih.gov/pubmed/31383735
http://doi.org/10.1200/JCO.2021.39.15_suppl.2541
http://doi.org/10.1038/s41591-019-0652-7
http://www.ncbi.nlm.nih.gov/pubmed/31768066
http://doi.org/10.1126/scitranslmed.3007094
http://doi.org/10.1186/s12967-019-2087-9
http://doi.org/10.1001/jamaoncol.2020.5161
http://doi.org/10.1056/NEJMra1706174
http://doi.org/10.1126/science.abb9601
http://doi.org/10.21873/cgp.20203
http://doi.org/10.1016/j.esmoop.2021.100275
http://www.ncbi.nlm.nih.gov/pubmed/34653800
http://doi.org/10.3389/fonc.2022.891917
http://doi.org/10.1158/2159-8290.CD-16-1396
http://www.ncbi.nlm.nih.gov/pubmed/28365644
http://doi.org/10.1016/j.ejca.2017.10.013
http://doi.org/10.1016/j.annonc.2020.07.014
http://www.ncbi.nlm.nih.gov/pubmed/32853681

Curr. Oncol. 2022, 29 7283

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Marabelle, A.; Le, D.T.; Ascierto, P.A.; Di Giacomo, A.M.; De Jesus-Acosta, A.; Delord, J.P.; Geva, R.; Gottfried, M.; Penel,
N.; Hansen, A.R;; et al. Efficacy of Pembrolizumab in Patients With Noncolorectal High Microsatellite Instability /Mismatch
Repair-Deficient Cancer: Results From the Phase Il KEYNOTE-158 Study. J. Clin. Oncol. 2020, 38, 1-10. [CrossRef]

Akagi, K.; OKki, E.; Taniguchi, H.; Nakatani, K.; Aoki, D.; Kuwata, T.; Yoshino, T. Nationwide large-scale investigation of
microsatellite instability status in more than 18,000 patients with various advanced solid cancers. . Clin. Oncol. 2020, 38, 803.
[CrossRef]

Hong, D.S.; DuBois, S.G.; Kummar, S.; Farago, A.F,; Albert, C.M.; Rohrberg, K.S.; van Tilburg, C.M.; Nagasubramanian, R.; Berlin,
J.D.; Federman, N.; et al. Larotrectinib in patients with TRK fusion-positive solid tumours: A pooled analysis of three phase 1/2
clinical trials. Lancet Oncol. 2020, 21, 531-540. [CrossRef]

Yoshino, T.; Pentheroudakis, G.; Mishima, S.; Overman, M.J.; Yeh, K.-H.; Baba, E.; Naito, Y.; Calvo, F,; Saxena, A.; Chen, C.-T,; et al.
JSCO-ESMO-ASCO-JSMO-TOS: International expert consensus recommendations for tumour-agnostic treatments in patients
with solid tumours with microsatellite instability or NTRK fusions. Ann. Oncol. 2020, 31, 861-872. [CrossRef]

Marabelle, A.; Fakih, M.; Lopez, |.; Shah, M.; Shapira-Frommer, R.; Nakagawa, K.; Chung, H.C.; Kindler, H.L.; Lopez-Martin, J.A,;
Miller, WH., Jr.; et al. Association of tumour mutational burden with outcomes in patients with advanced solid tumours treated
with pembrolizumab: Prospective biomarker analysis of the multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol.
2020, 21, 1353-1365. [CrossRef]

VanderWalde, A.; Spetzler, D.; Xiao, N.; Gatalica, Z.; Marshall, J. Microsatellite instability status determined by next-generation
sequencing and compared with PD-L1 and tumor mutational burden in 11,348 patients. Cancer Med. 2018, 7, 746-756. [CrossRef]
Abou-Alfa, G.K.; Sahai, V.; Hollebecque, A.; Vaccaro, G.; Melisi, D.; Al-Rajabi, R.; Paulson, A.S.; Borad, M.].; Gallinson, D.;
Murphy, A.G.; et al. Pemigatinib for previously treated, locally advanced or metastatic cholangiocarcinoma: A multicentre,
open-label, phase 2 study. Lancet Oncol. 2020, 21, 671-684. [CrossRef]

Maruki, Y.; Morizane, C.; Arai, Y.; Ikeda, M.; Ueno, M.; Ioka, T.; Naganuma, A.; Furukawa, M.; Mizuno, N.; Uwagawa, T.; et al.
Molecular detection and clinicopathological characteristics of advanced/recurrent biliary tract carcinomas harboring the FGFR2
rearrangements: A prospective observational study (PRELUDE Study). J. Gastroenterol. 2021, 56, 250-260. [CrossRef]

Subbiah, V.; Lassen, U.; Elez, E.; Italiano, A.; Curigliano, G.; Javle, M.; de Braud, F,; Prager, G.W.; Greil, R.; Stein, A.; et al.
Dabrafenib plus trametinib in patients with BRAF(V600E)-mutated biliary tract cancer (ROAR): A phase 2, open-label, single-arm,
multicentre basket trial. Lancet Oncol. 2020, 21, 1234-1243. [CrossRef]

Goeppert, B.; Frauenschuh, L.; Renner, M.; Roessler, S.; Stenzinger, A.; Klauschen, F.; Warth, A.; Vogel, M.N.; Mehrabi, A;
Hafezi, M.; et al. BRAF V600E-specific immunohistochemistry reveals low mutation rates in biliary tract cancer and restriction to
intrahepatic cholangiocarcinoma. Mod. Pathol. 2014, 27, 1028-1034. [CrossRef]

Abou-Alfa, G.K.; Macarulla, T.; Javle, M.M.; Kelley, R.K.; Lubner, S.J.; Adeva, ].; Cleary, ].M.; Catenacci, D.V.; Borad, M.].;
Bridgewater, J.; et al. Ivosidenib in IDH1-mutant, chemotherapy-refractory cholangiocarcinoma (ClarIDHy): A multicentre,
randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol. 2020, 21, 796-807. [CrossRef]

Boscoe, A.N.; Rolland, C.; Kelley, R.K. Frequency and prognostic significance of isocitrate dehydrogenase 1 mutations in
cholangiocarcinoma: A systematic literature review. J. Gastrointest. Oncol. 2019, 10, 751-765. [CrossRef]

Javle, M; Borad, M.].; Azad, N.S.; Kurzrock, R.; Abou-Alfa, G.K.; George, B.; Hainsworth, J.; Meric-Bernstam, F.; Swanton, C.;
Sweeney, CJ.; et al. Pertuzumab and trastuzumab for HER2-positive, metastatic biliary tract cancer (MyPathway): A multicentre,
open-label, phase 2a, multiple basket study. Lancet Oncol. 2021, 22, 1290-1300. [CrossRef]

Jain, A.; Javle, M. Molecular profiling of biliary tract cancer: A target rich disease. ]. Gastrointest. Oncol. 2016, 7, 797-803.
[CrossRef]

Subbiah, V.; Cassier, P.A.; Siena, S.; Garralda, E.; Paz-Ares, L.; Garrido, P; Nadal, E.; Vuky, J.; Lopes, G.; Kalemkerian, G.P; et al.
Pan-cancer efficacy of pralsetinib in patients with RET fusion-positive solid tumors from the phase 1/2 ARROW trial. Nat. Med.
2022, 28, 1640-1645. [CrossRef]

Yurgelun, M.B.; Hampel, H. Recent Advances in Lynch Syndrome: Diagnosis, Treatment, and Cancer Prevention. Am. Soc. Clin.
Oncol. Educ. Book 2018, 38, 101-109. [CrossRef]

Takamizawa, S.; Morizane, C.; Tanabe, N.; Maruki, Y.; Kondo, S.; Hijioka, S.; Ueno, H.; Sugano, K.; Hiraoka, N.; Okusaka, T.
Clinical characteristics of pancreatic and biliary tract cancers associated with Lynch syndrome. J. Hepato-Biliary Pancreat. Sci. 2022,
29, 377-384. [CrossRef]

Doebele, R.C.; Drilon, A.; Paz-Ares, L.; Siena, S.; Shaw, A.T.; Farago, A.F.; Blakely, C.M.; Seto, T.; Cho, B.C.; Tosi, D.; et al.
Entrectinib in patients with advanced or metastatic NTRK fusion-positive solid tumours: Integrated analysis of three phase 1-2
trials. Lancet Oncol. 2020, 21, 271-282. [CrossRef]

McGrail, D.; Pilié, P; Rashid, N.; Voorwerk, L.; Slagter, M.; Kok, M.; Jonasch, E.; Khasraw, M.; Heimberger, A.; Lim, B.; et al. High
tumor mutation burden fails to predict immune checkpoint blockade response across all cancer types. Ann. Oncol. 2021, 32,
661-672. [CrossRef]

Rousseau, B.; Foote, M.B.; Maron, S.B.; Diplas, B.H.; Lu, S.; Argilés, G.; Cercek, A.; Diaz, L.A. The Spectrum of Benefit from
Checkpoint Blockade in Hypermutated Tumors. N. Engl. ]. Med. 2021, 384, 1168-1170. [CrossRef]

Rizzo, A.; Ricci, A.D.; Brandi, G. Pemigatinib: Hot topics behind the first approval of a targeted therapy in cholangiocarcinoma.
Cancer Treat. Res. Commun. 2021, 27, 100337. [CrossRef]


http://doi.org/10.1200/JCO.19.02105
http://doi.org/10.1200/JCO.2020.38.4_suppl.803
http://doi.org/10.1016/S1470-2045(19)30856-3
http://doi.org/10.1016/j.annonc.2020.03.299
http://doi.org/10.1016/S1470-2045(20)30445-9
http://doi.org/10.1002/cam4.1372
http://doi.org/10.1016/S1470-2045(20)30109-1
http://doi.org/10.1007/s00535-020-01735-2
http://doi.org/10.1016/S1470-2045(20)30321-1
http://doi.org/10.1038/modpathol.2013.206
http://doi.org/10.1016/S1470-2045(20)30157-1
http://doi.org/10.21037/jgo.2019.03.10
http://doi.org/10.1016/S1470-2045(21)00336-3
http://doi.org/10.21037/jgo.2016.09.01
http://doi.org/10.1038/s41591-022-01931-y
http://doi.org/10.1200/EDBK_208341
http://doi.org/10.1002/jhbp.1063
http://doi.org/10.1016/S1470-2045(19)30691-6
http://doi.org/10.1016/j.annonc.2021.02.006
http://doi.org/10.1056/NEJMc2031965
http://doi.org/10.1016/j.ctarc.2021.100337

Curr. Oncol. 2022, 29 7284

72.

73.

74.

75.
76.

77.

78.

79.

80.

81.

82.

Available online: https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-
dabrafenib-combination-trametinib-unresectable-or-metastatic-solid (accessed on 21 August 2022).

Boerner, T.; Drill, E.; Pak, L.M.; Nguyen, B.; Sigel, C.S.; Doussot, A.; Shin, P.; Goldman, D.A.; Gonen, M.; Allen, PJ.; et al. Genetic
Determinants of Outcome in Intrahepatic Cholangiocarcinoma. Hepatology 2021, 74, 1429-1444. [CrossRef]

Ohba, A.; Morizane, C.; Ueno, M.; Kobayashi, S.; Kawamoto, Y.; Komatsu, Y.; Ikeda, M.; Sasaki, M.; Okano, N.; Furuse, J.; et al.
Multicenter phase II trial of trastuzumab deruxtecan for HER2-positive unresectable or recurrent biliary tract cancer: HERB trial.
Futur. Oncol. 2022, 18, 2351-2360. [CrossRef]

Available online: https://www.cbioportal.org/ (accessed on 21 August 2022).

Bekaii-Saab, T.S.; Spira, A.L; Yaeger, R.; Buchschacher, G.L.; McRee, A.].; Sabari, ].K.; Johnson, M.L.; Barve, M.A.; Hafez, N.;
Velastegui, K.; et al. KRYSTAL-1: Updated activity and safety of adagrasib (MRTX849) in patients (Pts) with unresectable or
metastatic pancreatic cancer (PDAC) and other gastrointestinal (GI) tumors harboring a KRAS(G12C) mutation. J. Clin. Oncol.
2022, 40. [CrossRef]

Kalia, S.S.; Adelman, K.; Bale, S.J.; Chung, W.K,; Eng, C.; Evans, ].P; Herman, G.E.; Hufnagel, S.B.; Klein, T.E.; Korf, B.R.; et al.
Recommendations for reporting of secondary findings in clinical exome and genome sequencing, 2016 update (ACMG SF v2.0):
A policy statement of the American College of Medical Genetics and Genomics. Genet. Med. 2017, 19, 249-255. [CrossRef]
Miller, D.T.; Lee, K.; Chung, W.K,; Gordon, A.S.; Herman, G.E; Klein, T.E.; Stewart, D.R.; Amendola, L.M.; Adelman, K.; Bale, S.J.;
et al. ACMG SF v3.0 list for reporting of secondary findings in clinical exome and genome sequencing: A policy statement of the
American College of Medical Genetics and Genomics (ACMG). Genet. Med. 2021, 23, 1381-1390. [CrossRef]

Mandelker, D.; Donoghue, M.; Talukdar, S.; Bandlamudi, C.; Srinivasan, P; Vivek, M.; Jezdic, S.; Hanson, H.; Snape, K.; Kulkarni,
A_; et al. Germline-focussed analysis of tumour-only sequencing: Recommendations from the ESMO Precision Medicine Working
Group. Ann. Oncol. 2019, 30, 1221-1231. [CrossRef]

Kondo, T.; Yamamoto, Y.; Fukuyama, K.; Kanai, M.; Yamada, A.; Matsubara, J.; Quy, PN.; Yoshioka, M.; Yamada, T.; Minamiguchi,
S.; et al. Germline sequencing for presumed germline pathogenic variants via tumor-only comprehensive genomic profiling. Int.
J. Clin. Oncol. 2022, 27, 1256-1263. [CrossRef]

Yamamoto, Y.; Fukuyama, K.; Kanai, M.; Kondo, T.; Yoshioka, M.; Kou, T.; Quy, PN.; Kimura-Tsuchiya, R.; Yamada, T.; Matsumoto,
S.; et al. Prevalence of pathogenic germline variants in the circulating tumor DNA testing. Int. |. Clin. Oncol. 2022. [CrossRef]
Sunami, K.; Naito, Y.; Komine, K.; Amano, T.; Ennishi, D.; Imai, M.; Kage, H.; Kanai, M.; Kenmotsu, H.; Koyama, T; et al.
Chronological improvement in precision oncology implementation in Japan. Cancer Sci. 2022. [CrossRef]


https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-dabrafenib-combination-trametinib-unresectable-or-metastatic-solid
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-dabrafenib-combination-trametinib-unresectable-or-metastatic-solid
http://doi.org/10.1002/hep.31829
http://doi.org/10.2217/fon-2022-0214
https://www.cbioportal.org/
http://doi.org/10.1200/JCO.2022.40.4_suppl.519
http://doi.org/10.1038/gim.2016.190
http://doi.org/10.1038/s41436-021-01172-3
http://doi.org/10.1093/annonc/mdz136
http://doi.org/10.1007/s10147-022-02176-y
http://doi.org/10.1007/s10147-022-02220-x
http://doi.org/10.1111/cas.15517

	Introduction 
	Principle Flow of CGP Tests in Japan 
	Reimbursed CGP Tests 
	Eligible Patients for CGP Tests 
	Requirements of Tissue Samples for Tissue-Based CGP Test 
	Assessment of CGP Test Results in an Expert Panel 
	Reimbursement System of CGP Tests in Japan 

	Optimal Timing for Ordering CGP Tests in Patients with Biliary Tract Cancer 
	Liquid-Based CGP Tests (Liquid Biopsy) in Biliary Tract Cancer 
	Eligible Patients for Liquid Biopsy 
	Performance of Liquid Biopsy in Patients with Biliary tract Cancer 
	Drawbacks of Liquid Biopsy 
	Possible Application of Liquid Biopsy Technology for Early Detection of Biliary Tract Cancer 

	Representative Druggable Biomarkers in Biliary Tract Cancer 
	MSI-H 
	NTRK Fusion 
	Tumor Mutation Burden (TMB)-H 
	FGFR2 Fusion/Rearrangement 
	BRAF V600E 
	IDH1 Mutation 
	HER2 Overexpression 
	RET Fusion 
	KRAS G12C 

	Germline Pathogenic Variants Identified in CGP Tests 
	Conclusions 
	References

