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Targeted deep sequencing contributes to guiding personalized
targeted therapy for advanced biliary tract cancer patients
with non-radical resection: A real-world study

FEILING FENG'*, QINGBAO CHENG'!", DADONG ZHANG?>", BIN LI', HAO QIN?, CHANG XU',
MIAO HAN?, YONG YU', ZHIZHEN LI!, JING-YU LI?>, ZHIQUAN QIU', LEI XIONG?,
CHEN LIU!, FUGEN LI, BIN YI' and XIAOQING JIANG'

1Department of Biliary I, Shanghai Eastern Hepatobiliary Surgery Hospital, Navy Military Medical University,

Shanghai 200438; %Research and Development Institute of Precision Medicine, 3D Medicines Inc.,
Shanghai 201114, PR. China

Received June 18,2019; Accepted January 10,2020

DOI: 10.3892/0r.2020.7491

Abstract. Targeted therapy based on specific genetic altera-
tions has been proven to be an effective treatment for various
types of cancer. In the present study, we aimed to explore the
efficacy of personalized targeted therapy guided by targeted
deep sequencing for patients with advanced biliary tract
cancer (BTC) after non-radical resection. Targeted deep
sequencing was performed on 49 patients with BTC, to whom
biologic agents were recommended. Among 32 patients with
stage IV and R2 resection (a non-radical resection), 21 patients
underwent conventional chemotherapy (mGEMOX), while
the remaining 11 patients received a personalized targeted
agent. The genomic landscape of the 49 patients with BTC
was determined and the results showed that genetic alterations
were enriched in the ERBB family and cell cycle pathway.
After a median follow-up of 12 months, the 11 BTC patients
with personalized targeted therapy showed a median progres-
sion-free survival (PFS) of 4.5 months (2.5-20.5 months), a
median overall survival (OS) of 12.9 months (4.7-24.8 months)
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and a disease control rate (DCR) of 63.6%. In the other 21
BTC patients, who were undergoing conventional chemo-
therapy, the BTC patients had a median PFS of 1.5 months
(0.5-11.6 months), a median OS of 4.1 months (1.3-18.4 months),
and a DCR of 33.3%. In addition, 36.4% of the patients in the
personalized targeted therapy group experienced grade >2
treatment-related toxicity vs. 19.0% of patients in the conven-
tional chemotherapy group. This real-world study suggests
that targeted deep sequencing contributes to the guidance of
personalized targeted therapy based on individual actionable
mutations, which may benefit advanced BTC patients under-
going non-radical resection.

Introduction

Biliary tract cancer (BTC) is a devastating disease of the
digestive system with poor prognosis, and mainly includes bile
duct carcinoma and gallbladder carcinoma (GBC). The 5-year
survival rate is less than 10% in patients with advanced or
metastatic BTCs according to the National Cancer Database
of the American College of Surgeons and the Surveillance,
Epidemiology, and End Results (SEER) Program (1). The
potentially best treatment for patients with BTCs is radical
resection, but many patients are not suitable for cura-
tive surgery. For patients with advanced BTC undergoing
non-radical resection, the prognosis is very poor. Therefore,
the exploration of a new strategy of more precise and effective
treatment is critical to improve the prognosis of patients with
advanced BTCs undergoing non-radical resection.

Precision medicine means matching the right patients
with the right drugs. The use of genetic mutation testing is
often required prior to issuing a matching prescription. The
availability of appropriate molecular profiling is the key
to precision medicine in routine clinical settings (2). A few
studies have reported genetic mutation profiling in biliary
tract tumors (3-7). In intrahepatic bile duct carcinoma, genes
from the mitogen-activated protein kinase (MAPK) signaling
pathway (8) are frequently mutated, and gene fusions from
the fibroblast growth factor receptor (FGFR) family are also
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common (9). The erythroblastic leukemia viral (v-erb-b) onco-
gene homolog (ERBB) family including epidermal growth
factor receptor (EGFR, also known as ERBB1), ERBB2 (also
known as HER2), ERBB3 and ERBB4 has a central role in
the tumorigenesis and development (10). The ERBB family
receptors are able to activate several downstream pathways,
including the RAS-ERK and PI3K-AKT pathways (11). In
the Chinese population, alterations in the ERBB family and
its downstream signaling pathway account for up to 36.8%
of the alterations detected in gallbladder cancer, and further
multivariate analyses have revealed that cases with ERBB
pathway mutations have worse outcomes (12). Studies in BTC
cell lines have confirmed that the ERBB pathway may be a
suitable candidate for disruption as part of treatment for BTC
patients (13). Many mutated genes in biliary tract tumors,
including ERBB2, PIK3CA, FGFR and IDHI, are targets
for biological drugs. There are several studies indicating the
potential of comprehensive genomic profiling for improving
outcomes in advanced BTC patients (14,15). However, the
clinical efficacy of personalized targeted therapy based on
the genetic alterations found in BTC patients undergoing
non-radical resection has not yet been reported. We aim to
investigate the efficacy and safety of personalized targeted
therapy with excellent potential for actual use based on
specific genetic alterations for patients with advanced BTC
after non-radical resection in this real-world study.

Materials and methods

Patients and data collection. The present study was approved
by the Ethics Committee of the Shanghai Eastern Hepatobiliary
Surgery Hospital, Navy Military Medical University, Shanghai,
China (no. EHBHKY2015-02-010). Forty-nine patients with
BTC, which was confirmed by surgical pathology, were
enrolled for targeted deep sequencing in the Department of
Biliary I, Shanghai Eastern Hepatobiliary Navy Hospital
from August 2014 to June 2016 (Table I). Exclusion criteria
were stage I disease (AJCC 7th edition) (http://aboutcancer.
com/AJCC_stage.htm) at diagnosis, no tumor tissue sample
available for targeted deep sequencing, disagreement on
conducting target deep sequencing, known or current evidence
of HIV, pregnant or lactating females. Thirty-two patients had
stage I'V disease and R2 resection (Table II). To investigate the
impact of targeted medicine on patients with advanced BTC,
eligibility criteria included R2 resection of biliary cancer at
TNM stage IV, at least one measurable lesion at baseline and
the detection of targeted deep sequencing. These BTC patients
began drug treatment one month after the operation. For these
patients, a regimen of mMGEMOX (16) (gemcitabine 900 mg/m?
and oxaliplatin 80 mg/m? i.v. infusion on days 1 and 8 every
3 weeks until disease progression or intolerable toxicity) was
initially proposed by the local multidisciplinary team as the
standard first-line chemotherapy (chemotherapy group). In
patients found to have at least one targetable variant and who
declined chemotherapy, a biological agent was recommended
as an alternative treatment. The specific agent was selected
according to the potentially targetable altered gene (targeted
therapy group). The information of targetable altered genes
corresponding to the biological agent is shown (Table SI).
When a patient had some targetable altered genes, we
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recommended the drugs for patients according to different
levels of evidence and gave them all the information they
required. The highest level of evidence is that targeted drugs
addressing specific gene mutations have been approved by
the US Food and Drug Administration (FDA) or China Food
and Drug Administration (CFDA) in this tumor. The second
kind of evidence is that targeted drugs addressing specific
gene mutations have been approved by the FDA or CFDA in
other tumors. The third kind of evidence is that also drugs
specific to this gene mutation are currently being assessed in
clinical trials. The weakest evidence is some preclinical data
about the relationship of the drug-gene mutation associations.
In this real-world clinical study, the patients made decisions
themselves according to the availability of specific drugs and
what they were able to afford. The recorded data also included
clinicopathological features, operative morbidity, drug admin-
istration, number of treatment cycles, and therapy-related
toxicity (Tables III and IV).

Study assessment. Progression-free survival (PFS), overall
survival (OS) and disease control rate (DCR) were used to
assess the efficacy of treatments. The PFS of patients was
measured as the duration from the beginning of chemo-
therapy or precision therapy to the time of disease progression
[according to RECIST 1.1 (17)] or death. OS was defined as
the period from the start of chemotherapy or targeted therapy
to death. The PFS and OS were calculated for all enrolled
patients (Table SII). Disease control was defined at the first
response assessment as indicated by imaging. Response and
disease progression were evaluated using the international
criteria proposed by the revised Response Evaluation Criteria
in Solid Tumors (RECIST 1.1) Committee (17). The grade of
treatment-related toxicities was evaluated according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events (version 3.0) (18), in order to assess the safety
of treatments.

Targeted deep sequencing and variant calling. According to
our previous study (19), this panel of targeted deep sequencing
consisted of 4,557 exons of 365 tumor-associated genes, and
45 introns from 25 genes where frequent gene fusions could
be captured in cancer (Table SIII). Targeted deep sequencing
was carried out on hybridization-captured, adaptor ligation—
based libraries using DNA extracted from 4 formalin-fixed
paraffin-embedded (FFPE) sections cut at 10 gm from 49 BTC
patients. All of the sequencing assays were performed at the
3D Med Clinical Laboratory Co., Ltd. (Shanghai) and success-
fully passed the Proficiency Testing (PT) on NGS solid tumor
(NGSST) developed by the College of American Pathologists
(CAP) (https://www.cap.org/). DNA was isolated from FFPE
slides containing at least 20% tumor cells and the library was
prepared using IDT Xgen hybridization buffer (Integrated
DNA Technologies, Inc.) for capture and sequenced on an
Illumina Nextseq 500 (Biostar Technology Ltd.).

Short reads were mapped by BWA 0.7.12-r1039 with default
settings (20). Somatic single-nucleotide variants (SNVs) were
identified using Mutect 1.1.4 with default settings, and Indels
(smaller than 50 bp) were identified by Pindel v0.2.5b8 and
VarScan v2.4.0 with default settings (21-23). For somatic
copy number alterations (CNAs), coverage in the tumor was
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normalized to that in the matched control (blood DNA). Our
in-house program combined with modified algorithm was
applied to call somatic CNAs (24). Actionable genomic altera-
tions were defined as being linked to commercially available
targeted therapies or to targeted therapies currently in ongoing
clinical trials. To further annotate the genetic variants found in
each patient, an in-house manually reviewed clinical database
(3D Medicines Inc.) was used to develop plans for targeted
therapy.

Statistical methods. The difference in age between the two
groups was tested by using the Student's t test. Fisher's exact
test was used to assess the significance of differences between
groups, such as sex, cancer type, TNM stage, and opera-
tive complication. The heatmap was plotted by R package
GenVisR 1.0.2 (25), which was used to demonstrate somatic
mutations spectrum across BTC cohorts. Statistical analyses
were performed using R packages. The log-rank test and
Kaplan-Meier analyses were performed for PFS and OS.
P<0.05 was considered statistically significant. Kaplan-Meier
analyses were performed using SPSS statistical software
(version 19.0; SPSS Inc.).

Results

Clinical characteristics of the patients with biliary tract
cancer (BTC). In the present study, we enrolled 49 BTC
patients with a median age of 59 years (range, 26-72) at diag-
nosis (Table I) from August 2014 to June 2016 for targeted
deep sequencing. These patients consisted of 32 males and
17 females, and were composed of 21 patients with gallbladder
carcinoma and 28 with bile duct cancer (21 intrahepatic,
5 perihilar, and 2 distal cholangiocarcinomas). Most patients
(n=42, 85.7%) had cTNM stage IV disease (AJCC 7th edition)
at diagnosis. Out of the 49 patients, 8 patients with BTCs
received radical resection (RO), while the others (n=41, 83.7%)
received R1/R2 resection or biopsy. Follow-up was completed
for all 49 patients.

Genetic alterations are enriched in the ERBB family and cell
cycle pathway in patients with BTC. The genomic landscape
of the 49 patients established that TP53 (n=31, 63.3%) variants
were most prevalent, followed by variants in KRAS (n=12,
24.5%), ARIDIA (n=6, 12.2%), PIK3CA (n=6, 12.2%), SMAD4
(n=6, 12.2%), CDKN2A (n=5, 10.2%), and ERBB4 (n=5,
10.2%) (Fig. 1). Further analysis of copy number alterations
(CNAs) showed low levels of recurrent amplified genes, such
as PIK3CA, SMAD4, FGFR3, SRC, PIK3R2, CDK4, ERBB?2,
and CDK6. Among these genes, PIK3CA, ERBB2, CDK4, and
CDK6 may be suitable drug targets for these BTC patients. In
21 patients with gallbladder cancer (GBC), 8 had mutations in
the ERBB pathway. Further analysis of all of the alterations
demonstrated that these altered genes were highly enriched in
the ERBB family or the cell cycle pathway (Fig. 2A and B).

Personalized targeted therapy in advanced BTC patients
with R2 resection. Because tumor staging and resection
margins can significantly impact the prognosis of patients with
BTCs (26,27), only 32 patients who met the eligibility criteria of
having stage IV disease and R2 resection were enrolled in the
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Table I. Characteristics of the 49 patients with biliary tract
cancer that received surgery.

Characteristics Data values
Age, median (range) in years 59 (26-72)
Sex,n

Male 32

Female 17
Cancer type, n

Gallbladder carcinoma 21

Cholangiocarcinoma 28
AJCC stage,n

I 0

1I 2

111 5

v 42
Type of surgical operation, n

RO 8

R1 8

R2 32

Biopsy 1
Treatment, n

Targeted therapy 14

Chemotherapy 35
Follow-up, n

PFS 49

oS 49
NGS detection, n 49

AJCC, American Joint Committee on Cancer; PFS, progression-free
survival; OS, overall survival; NGS, next generation sequencing.

treatment study (Table II). The patient characteristics, age, sex,
cancer type, pPfTINM stage, and operative morbidity, were similar
between the targeted therapy and conventional chemotherapy
groups (Table II). In the targeted therapy group, 11 patients
received corresponding targeted therapy as an alternative to
chemotherapy (Tables III and IV). The mutated genes, recom-
mended drugs, drug administration (drug usage, dosage, and
cycle), operative morbidity, prognosis, and treatment-related
toxicities of the two groups are described in Tables III and I'V.
The targeted drugs lapatinib, everolimus, dasatinib, imatinib,
pazopanib, and regorafenib were administered to 11 BTC
patients in the targeted therapy group, while mGEMOX was
given to 21 patients in the chemotherapy group. The administra-
tion of these targeted agents and chemotherapeutic regimens
was performed by the local multidisciplinary team in this study.

According to the revised RECIST guideline (version 1.1), the
targeted therapy group had partial response (PR) in 3 patients,
stable disease (SD) in 4 patients, and progressive disease (PD)
in the remaining 4 patients, while the chemotherapy group had
2 patients with PR, 5 with SD, and 14 with PD (Tables [l and V).
The targeted therapy group had a 63.6% disease control rate
(DCR), while the chemotherapy group had a 33.3% DCR.
Moreover, the targeted therapy group had a median PFS of
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Table II. Characteristics of the 32 patients with stage I'V biliary tract cancer after R2 resection.

Conventional chemotherapy (n=21)

Targeted
Characteristics therapy (n=11)  All patients (n=21) P-value = With recommendation (n=13) P-value
Age, median (range) in years 60 (26-65) 58 (35-66) 0.645 61 (35-66) 0.897
Sex
Male 7 13 1.000 9 1.000
Female 4 8 4
Cancer type
Gallbladder carcinoma 6 10 1.000 5 0.682
Cholangiocarcinoma 5 11 8
pTNM stage (AJCC 7th edition)
IVA 3 4 0.668 2 0.630
IVB 8 17 11
Operative complication
(Clavien-Dindo)
Grade II 10 20 1.000 13 0.458
Grade Illa 1 1 0
AJCC, American Joint Committee on Cancer.
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Figure 1. Mutational landscape of biliary tract cancers (BTCs). Mutational spectrum of the BTC patients as determined by targeted deep sequencing (left and
middle panels). Overall, 28 cholangiocarcinomas and 21 gallbladder cancers were included. The genetic variants landscape showed that TP53, KRAS,ARIDIA, and
PIK3CA were frequently mutated. Mutation subtypes (single nucleotide variant, indel, copy gain and loss) are denoted by color. The right panel shows the frequency
of recurrent mutated genes. The histogram with different colors shows the frequency of corresponding genes in cholangiocarcinoma or gallbladder carcinoma,
respectively. The colors indicating the frequency of corresponding genes in cholangiocarcinoma and gallbladder carcinoma are reversed in the right panel. TP53,
tumor protein P53; KRAS, KRAS proto-oncogene, GTPase; ARIDIA, AT-rich interaction domain 1A; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit a.

4.5 months (2.5-20.5 months), and a median OS of 12.9 months  a median OS of 4.1 months (1.3-18.4 months) (Fig. 3C and D).
(4.7-24.8 months) (Fig. 3A and B), while the chemotherapy = Subgroup analysis of 13 patients from the chemotherapy group
group had a median PFS of 1.5 months (0.5-11.6 months) and  who received recommendations of targeted therapy, showed



1093

ONCOLOGY REPORTS 43: 1089-1102, 2020

a3ewep quunede BWOUIOIRD
onedoy : opein dad II v Aep/Sw gzl quunede ‘qeunzmisel], [N £Y4DA cq944 oppe[qred 96 d ¢v0-0Ld
s1o[ale[d ‘¢ OpeID ad II I Aep/Swppg quuedozeq quedozed €440 SewoupIedOISUERIOYD €9 N 0v0-OLd
o3ewrep qeuINZIoeAdq
onedoy :¢ opeIn dd II 9 Kep/3wr 008 qruneuly ‘quuiew V¥ADAd SewounIedorsuejoy) 79 W v€0-D1d
J3ewep qruiawel],
onedoy :¢ apern as I I Aep/Bw o] snwIjoIoAq ‘snwnoRAyg  £6dL VOENId SVYY SewounIedoIsue[oy) 69 N 920-D14d
Wo)SAS SNOAIU BUWOUIDIBD
[eRU3]) -C 9peID dad I I Aep/Sw oy qunese( quunesed  pAvAS  £SdL 02N oppe[qred  [L 4 020014
Kep/3u O
uroAwredey qQIUIIUBZOqEd
‘Aep/3wi o] uroAwederx ‘qrunesep BWOUIDIBD
uted -¢ spein as I I quunese  +qruneseq ‘qupozly  DYS  ZYENId LW oppeIED 09 W 810014
(eosneu/3unIuoA
Juonednsuod)
uor}oBaI
[eUNISAUIONISBD) quunede|
‘T opeID ad Il ¢ AepBwogzl qunede  ‘qewnzmser], £€4gyq sewounIedolueloyd) 09 W ¢10-D1d
qI3apowsia
ured ¢ apelH dd II ¢ AepBw gzl  quunede ‘quuede  SVYY  [HOLd FEEYA  SewourdIedOISURIOYD) 6 d 110-0514
(eayrrerp/easneu
/SUNTWOA)
uornoeal
[eunsajuIONSEL) quunede]
‘¢ 9pEID ud I ¢  Aep/Bw gzl  quunede ‘qeuunznisel, £4gYd SewourdIedOISUR[OYD) 8 W 010014
(syruour 1)
Kep/3w ¢
Suryon ‘{(sypuow 7) SNWI[OIIAD BUWIOUTOTRD
/snLnlId °¢ spelH as II 9 Aep/Bw o] snwIjoreAq ‘qupewell, VOENId  [MAW £6dlL IoppeI[ED 65 W L00-DL1d
(SANIOIXO0) O\Id - Aprqiowr 9[04 a8esoq a3esn s3nip Soua3 pajeINA adAy 190uR) (s189K) X0S (I uoned
pajelaI \aAS\ad) eanexxdp Snig POPUSWIOdNY a3y
-JUoWIIBAI], Stsougoig

‘Adeioyy pa1a3ie) Suraredar DI1.g Yiim syuaned |1 ay3 103 A1101x0) pue sisou3oid ‘saua3 pasyfe Surpuodsariod oyl ‘s3nip palesie], ‘I1I 2IqeL



1094 FENG et al: PERSONALIZED TARGETED THERAPY FOR ADVANCED BTC

&5{ § that they had a median PFS of 1.5 months (2.5-20.5 months),

2 e, 2 § B o -2 a median OS of 2.8 months (4.7-24.8 months) and a DCR of
2 BTE|EZ £ 22 30.8% (Fig. SI and Table IV).

e 8 '§ s Safety of personalized targeted therapy. In the targeted therapy

{5 G group, there were 4 patients (BTC-026, BTC-034, BTC-040,

and BTC-048) who experienced Grade 3 treatment-related

% Az toxicity, including hepatic damage, thrombocytopenia, and

cvuQ | o fatigue (Table III). The chemotherapy group had 3 patients

g Qx| 7 (BTC-009, BTC-039, and BTC-041) with Grade 3 treat-

A~ ment-related toxicities and 1 patient (BTC-044) with Grade 4

o o renal impairment (Table IV). In addition, 36.4% patients in

2 = < targeted therapy group experienced Grade >2 treatment-related

% 2| B toxicity, while 19.0% patients in the conventional chemo-

8 g therapy group did.

% - Three BTC cases of personalized targeted therapy. In this

o) cohort, 11 patients received the corresponding targeted thera-

pies based on their genetic variants. Positive clinical responses

o _§’ were observed in 3 patients and are described herein. A

21 = 26-year-old female patient (BTC-048) was diagnosed with

é g Stage IVb Grade 2 gallbladder adenocarcinoma with metastases

o to the peritoneum in December 2014 (Table III and Fig. S2A).

Based on her genetic alterations (Fig. 4A), a targeted drug,

-'g regorafenib, targeting RET (160 mg/day) was recommended

o 50 Lg and was administered on January 25, 2015. On April 21, 2015,

A 2 ?n the sum of the diameters of all of the measurable lesions was

2 decreased by 29.2% (SD) according to RECIST 1.1 (Fig. S2B).

The patient's performance status was found to have improved

2 o a month later, with a reported increase in body weight and

% ” g decrease in abdominal pain. The patient continued to experi-

g “§ ence stable disease based on CT imaging (Fig. S2C). However,

% S ) the patient ceased regorafenib treatment on July 18, 2017 due

é ada) to Grade 3 fatigue and Grade 2 nausea, vomiting, diarrhea, and

stomatitis. On July 30, the CT images showed PD and the sum
of the diameters had increased to the pre-treatment RECIST
measurements (Fig. S2D). For this reason, a PFS period of
6 months was recorded for this patient from initiation of treat-
ment in January to disease progression in July (Fig. 4B).
There were also 2 patients with BTC, who received person-
alized precise therapy with satisfying results. One patient
(BTC-010) with stage IVa intrahepatic cholangiocarcinoma
who underwent R2 resection, harbored an ERBB3 p.R1127H
mutation and the ERBB inhibitor lapatinib was adminis-

Mutated genes
CTNNBI

E tered (Table III). The PFS and OS of this patient were 20.5

and 24.8 months, respectively. The other intrahepatic cholan-

2| 5 « giocarcinoma patient (BTC-034), also with stage IVa disease,

2| 3 g carried a PDGFRA p.T10661 mutation and was treated with

§ g g imatinib as recommended (Table III). The PFS and OS were
§ 8 ‘§ 7.5 and 15.8 months respectively.

Discussion

Age
(years)
26

In the present study, the landscape of genomic variants in 49

“Prognosis: PR, partial response; SD, stable disease; PD, progressive disease. "Treatment-related toxicities: The grade of the side effect was evaluated according to the National Cancer Institute's Common
Terminology Criteria for Adverse Events (version 3.0). BTC, biliary tract carcinoma; M, male; F, female. TP53, tumor protein P53; MEKI, MAPK/ERK kinase 1, also known as mitogen-activated

protein kinase kinase 1 (MAP2K1); PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit o; ERBB3, Erb-B3 receptor tyrosine kinase; ERBB4, Erb-B4 receptor tyrosine kinase;

proto-oncogene, non-receptor tyrosine Kinase; SMAD4, SMAD family member 4; PDGFRA, platelet derived growth factor receptor a, receptor tyrosine kinase; FGFR3, fibroblast growth factor receptor 3,

PTCH]1, protein patched homolog 1; KRAS, KRAS proto-oncogene, GTPase; MET, MET proto-oncogene, receptor tyrosine kinase; PIK3R2, phosphoinositide-3-kinase regulatory subunit 2; SRC, SRC
receptor tyrosine kinase; NF'1, neurofibromin 1; RET, Ret proto-oncogene; CTNNBI , catenin 1.

—°§ 3 Chinese biliary tract cancer (BTC) patients was obtained.
g Q| = Several studies on whole-exome sequencing and whole genome
g sequencing of BTCs have recently been published (3,12,28-30).
8. B | «» TP53 and KRAS were reported as the mostly frequently
= EI = mutated genes in previous studies (9,31), and the majority of
Q ! . . . . . .

% % B the variants are single nucleotide variants. These findings
= [aW [aa
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Figure 2. Cellular signaling pathways associated with the mutated genes of the biliary tract cancer (BTC) cases. The mutated genes in 49 patients with BTCs
were found to be mainly distributed in the (A) ERBB family signaling pathway and (B) cell cycle signaling pathway. Genes responsible for somatic cell vari-
ants and the proportion of mutated genes in 49 patients are indicated in the signal transduction pathway. Different types of variants are marked with different
colors, such as mutation (green), gain (red), and loss (blue). EGFR, epidermal growth factor receptor; ERBB2, Erb-B2 receptor tyrosine kinase; MET, MET
proto-oncogene, receptor tyrosine kinase; NFI, neurofibromin 1; KRAS, KRAS proto-oncogene, GTPase; HRAS, HRas proto-oncogene, GTPase; PIK3CA,
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit a; PIK3R2, phosphoinositide-3-kinase regulatory subunit 2; ARAF, A-Raf proto-oncogene,
serine/threonine kinase; BRAF, B-Raf proto-oncogene, serine/threonine kinase; PTEN, phosphatase and tensin homolog; AKT, protein kinase B; mTOR, mech-
anistic target of rapamycin kinase; MYC, MYC proto-oncogene, bHLH transcription factor; CDKN2A, cyclin dependent kinase inhibitor 2A; CDKN2B, cyclin
dependent kinase inhibitor 2B; MDM2, MDM2 proto-oncogene; TP53, tumor protein P53; ATM, ATM serine/threonine kinase; ATR, ATR serine/threonine
kinase; CDC25A, cell division cycle 25A; CDK4, cyclin dependent kinase 4; CDKO6, cyclin dependent kinase 6; CCNDI, cyclin D1; CHEK I, checkpoint
kinase 1; CHEK?2, checkpoint kinase 2; E2F 1, E2F transcription factor 1; RBI, RB transcriptional corepressor 1.

are consistent with our results. However, we found a higher
frequency of CDKN2A loss in comparison to Western
cohorts (14). High BRCA and IDH mutations were reported in
cholangiocarcinoma of Western populations (3-5,14), while no
such mutations were found in our study. These aforementioned
studies only described the genomic variant landscape and the
relationship between prognosis and genomic variants. The use
of this genomic profiling information to guide clinical treat-
ment has not been available to use (14,15). Our study focused
on advanced BTC patients with non-radical resection, and
we assessed the clinical efficacy and safety of personalized

targeted therapy guided by targeted deep sequencing in these
patients.

In recent years, biomarker-driven clinical trials have
been carried out in a wide variety of cancers. Targeted deep
sequencing that can achieve high sequencing depth is crucial
to accurately identify genomic variants in formalin-fixed
paraffin-embedded samples with low tumor cell content and
high heterogeneity (32-34), and has also been recognized as
a practical method for clinical genetic alteration detection
in many types of cancers (35-37). Nevertheless, no studies
have been reported on the application of genomic profiling
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Figure 3. Prognostic analysis of personalized targeted therapy and conventional chemotherapy in patients with biliary tract cancers (BTCs). The genetic vari-
ants were detected by targeted deep sequencing in 32 BTC patients with stage I'V disease and R2 resection, including 11 patients who received targeted therapy
and 21 patients who received conventional chemotherapy. Kaplan-Meier curves of the (A) progression-free survival (PFS) and (B) overall survival (OS) in the
targeted therapy group were constructed. Kaplan-Meier curves of the (C) PFS and (D) OS of the chemotherapy group are displayed.
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Figure 4. A case of precise therapy for gallbladder carcinoma. (A) Hematoxylin and eosin staining results and genetic variants of metastatic lesions on
lymph node and subsequently on the ovary as identified by targeted deep sequencing. Different types of variants are marked with different colors, such as
substitution/Indel (green) and gene amplification (red). (B) Sum of diameters of the measurable lesions derived from the four imaging examinations before
and after medication. Histogram shows the sum of the diameters of measurable lesions at different dates. CTNNBI, catenin 1; RET, Ret proto-oncogene;
SMAD4, SMAD family member 4; CDK4, cyclin dependent kinase 4; MDM2, MDM2 proto-oncogene.
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information to guide the precision treatment for a group of
advanced BTC patients with non-radical resection. Our study
was designed to use targeted deep sequencing for the detec-
tion of genetic mutations to guide clinical decision-making
in advanced BTC patients with non-radical resection. The
personalized targeted therapy group had a median PFS of
4.5 months, a median OS of 12.9 months and a 63.6% DCR,
while the chemotherapy group had a median PFS of
1.5 months, a median OS of 4.1 months, and a 33.3% DCR.
These results may provide preliminary evidence to support
the development of a novel treatment strategy of personalized
targeted therapy for advanced BTC patients with non-radical
resection.

Gemcitabine plus cisplatin (GC) is the standard treatment
for advanced BTC for this decade, demonstrating a median OS
of gemcitabine regimen of 8.1 months and GC of 11.7 months,
respectively (38). The OS of GC reported is longer than that
explored in our study. However, there are some differences
between their research and ours. Regarding group selection,
we focused on the patients with R2 resection, while they
choose patients who did not receive surgery. The two sets
of patients are not comparable. The staging system is also
different. The 32 patients we used to analyze prognosis were
all stage IV patients (with metastatic tumors) in our study,
while part of their group was made up of patients with locally
advanced cancer but no metastatic tumors. The prognosis
of these patients by stage is quite different. Our study more
closely reflects real-world clinical practice for advanced BTC
with non-radical resection, in which the standardization of
drug use and other factors are not as strict as in clinical drug
trials.

Treatment-related toxicity is a crucial factor that influ-
ences clinical drug use and effects (39,40). In this study, all
of the patients in the targeted therapy group experienced
Grade 2 or 3 treatment-related toxicities, while five patients
in conventional chemotherapy group did. When Grade 2 and
3 toxicity occurred, the drugs could be continuously used by
adjusting the drug dosage and drug properties. In both groups,
some patients with Grade 2 or 3 toxicities continued taking
medicine by reducing the dosage or making other changes.
Only one patient in the chemotherapy group with Grade 4
renal impairment stopped taking the drugs. Most patients
were on medication regimens for only a short time and the
patients in the chemotherapy group did not experience any
treatment-related toxicity because of the rapid progression of
the disease, which does not mean that these chemotherapeutic
drugs had low toxicity. Overall, both targeted therapy and
chemotherapy were found to pose some risk of toxicity for
BTC patients in real-world clinical practice. The key is finding
a way to reduce treatment-related toxicity through drug adjust-
ment or other means so that BTC patients can continue and
complete their medication regimens.

In our cohort, 8 of 21 (38.1%) GBC patients had muta-
tions in the ERBB pathway. It has also been reported that
approximately 36.8% of GBC patients have aberrant ERBB
signaling, and multivariate analyses revealed that patients with
ERBB pathway mutations had worse outcomes (12). However,
there are no clinical studies that have explored if interro-
gating ERBB signaling can improve the prognoses of such
GBC patients. In this study, 3 advanced GBC patients who
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received therapy specifically targeting alterations in the ERBB
pathway achieved marginally longer PFS and OS (Fig. S3), in
comparison to the 5 GBC patients who underwent conven-
tional chemotherapy. Despite the small sample size of GBC
patients treated with targeted therapy, the preliminary results
have shed light on precision therapy for GBC patients with
mutations in the ERBB signaling pathway.

Furthermore, we observed that most BTC patients who
progressed rapidly such that those in the chemotherapy group
experienced only 1-2 cycles of chemotherapy (Table IV).
Some BTC patients experienced treatment-related toxicity
and had to stop taking chemotherapy drugs. Overall, BTC
patients with PR and SD underwent more cycles than those
with PD did. Here, BTC-045 was an outlier. BTC-045 had PD
and underwent six cycles of chemotherapy. To some extent,
chemotherapy cycles are related with disease progression in
this real-world clinical study.

The present research has several limitations. Some
recommended targeted drugs are difficult to obtain because
some of them have been approved by the United States
Food and Drug Administration (FDA) but not by the China
Food and Drug Administration (CFDA). In consideration of
high medical costs, many patients chose the cheaper option,
even if another option was favored that may have been more
effective. Furthermore, genetic testing did not show which
mutations were related to the resistance of chemotherapy in
the present study. We do not have access to any other informa-
tion on BTC patients with targetable altered genes resistant to
chemotherapy. In addition, toxicity caused a dose reduction
in the targeted drugs, optimization of the medication plan,
or finally discontinuation in the medication in this study,
which affected the evaluation of the drug effect. Although
this real-world clinical study included the greatest number
of patients with R2 resection undergoing personalized preci-
sion therapy of any such study, total sample size and the
proportion of BTC patients taking the medicine were rela-
tively small. Large umbrella trials of personalized precision
therapy are needed to confirm our findings. Despite various
limitations, this study reflects real-world clinical practice as
it relates to personalized targeted therapy guided by targeted
deep sequencing in patients with advanced BTC undergoing
non-radical resection in China.

In conclusion, the results of this clinical study suggest
that targeted deep sequencing offers a promising method
of detecting actionable genetic alterations in BTC cases for
precision therapy. This study provides preliminary evidence
that personalized targeted therapy based on actionable genetic
alterations may benefit patients with advanced BTC under-
going non-radical resection. Large umbrella trials covering
personalized precision therapy are needed to confirm the
clinical efficacy and safety of this therapeutic strategy for
patients with advanced BTC undergoing non-radical resection.
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