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Abstract: Objective: To explore the common mutation gene and mutation rule of cholangiocarcinoma and gallbladder
cancer, and to confirm the therapeutic effect of PD1 inhibitor through follow-up. Method: From 2017 to 2019, 42 patients with
intrahepatic cholangiocarcinoma (ICCA), 49 patients with extrahepatic cholangiocarcinoma (ECCA) and 40 patients with GBC
were followed up in Eastern Hepatobiliary Hospital for new generation sequencing (NGS). And we also followed up 25 cases
of cholangiocarcinoma with PD1 inhibitor and observed the therapeutic effect. Result: The result show that TP53, KRAS,
ARID1A, CDKN2A, SMAD4 and ERBB are the most common mutations in ICCA. TP53, KRAS, CDKN2A, ARID2,
SMAD4 and ARID1A are the most common mutations in ECCA. TP53, ERBB, CDKN2A, ARIDIA, CCNEI are the most
common mutations in GBC. 25 patients who used PD1 inhibitors had no complete remission, 6 patients had partial remission,
6 patients had no effect at all, and the disease progressed. The objective remission rate reached 24% and progression free
survival was 5.2+4.8 months. Conclusion: TP53, ARIDIA, CDKN2A are the most common mutations in CCA or GBC. We
believe that through continuous clinical trials, we will find drugs to inhibit these mutations. PD-1 inhibitor can be used as a
choice for patients with advanced stage of CCA or GBC, but not all of them have good therapeutic effect. It is suggested to
combine other methods for treatment.
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involves a variety of genetic changes, but only one or several
genetic changes are responsible for tumorigenesis. These are
known as "driver mutations" and the other "passenger
mutations" [3]. This paper mainly discusses the
characteristics of common mutation genes in CCA and GBC

1. Introduction

CCA and GBC are high degree of malignancy tumors.
They have metastasized distantly through hepatoduodenal
ligament lymph nodes. Surgical resection is the only way to o
cure CCA and GBC, but about 60% of patients lose the and the effect of PD1 inhibitor.
chance of surgery and insensitive to conventional
chemotherapy [1]. The 2 year survival rate of these 2. Materials and Methods
inoperable patients was less than 10% [2]. In the past, our
understanding of gene analysis and molecular level of
cholangiocarcinoma was often limited to known oncogenes
and tumor suppressor factors, which hindered the
development of immunotherapy. CCA and GBC usually

Patients ~ with  biliary tract tumor, including
pathologically confirmed CCA and GBC, were eligible for
our study. Informed consent was obtained for tumor
profiling and targeted therapy following protocol
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approved by the Institutional Ethics Review Committee at
Eastern Hepatobiliary Surgery Hospital (Shanghai, China).
The study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice
guidelines. All patients signed consent before participating
in the research.

2.1. Sample Collection and Targeted Next-Generation
Sequencing

Tumor samples were obtained from participants at
different clinical stages. Detailed information of the samples
is summarized in Table 1. All tumor tissues were reviewed by
two independent pathologists before sample disposal to
confirm the pathologic diagnoses. Macrodissection on tissue
slides was performed to evaluate tumor content and
percentage. For each tumor sample, at least 15 unstained
slides containing more than 20% tumor cells, a formalin-
fixed paraffin-embedded (FFPE) block, or 0.5 cm’ fresh-
frozen tissue was required, to extract DNA for each sample.
DNA extraction was performed, and 50-250 ng double-
stranded DNA was interrupted ultrasonically. Comprehensive
genomic alteration analysis of the tumor and matched blood
samples were performed with an assay panel that captured
450 cancer-related genes and selected introns of 38 genes
frequently rearranged in cancer (YuansuTM, OrigiMed).
With a mean coverage of 900% for tumor tissues and 300% for

paired blood cells by an Illumina NextSeq-500 Platform
(Illumina Incorporated, San Diego, CA).

2.2. Variations Calling

Somatic alternations, including base substitutions,
insertions and deletions, copy number alterations, and gene
fusions/rearrangements, were identified. The bioinformatic
protocol is similar with previous published study. Briefly,
reads were aligned to human genome with the reference
sequence (hgl9) by Burrows-Wheeler Aligner (BWA),
accompanying with removing duplicates from polymerase
chain reaction (PCR) by Picard. MuTect identified SNVs and
short indels after quality recalibration and realignment using
Genome Analysis Toolkit (GATK) pipeline. Pindel was used
to calibrate short indels. Read depths were normalized in
target regions by Exome Copy number Alterations/Variations
annotATOR (EXCATOR). Customized algorithms were used
to detect copy number changes and gene rearrangement. For
copy-number variations (CNVs), genes with a threshold of
surpassing 4-copies are deemed as amplification, and genes
with 0-copies are homozygous deletions.

TMB was estimated for each sample by counting its
somatic mutations including coding SNVs and indels per
megabase. Driver mutations and germline alterations in
dbSNP database were not counted, following the method of
Chalmers et al.

Table 1. Clinical characteristics of the study population (N = 131).

ECCA (n=49) ICCA (n=42) GBC (n=40) ALL (N=131)

Age (mean, range) 56.79 (30~74) 57.88 (32~78) 62 (40~79) 56.98 (26~78)

Sex (male) 36 (73.46%) 26 (61.9%) 15 (37.5%) 77 (58.77%)

Clinical stage (>3) 17 (73.21%) 18 (80%) 10 (25%) 45 (34.35%)

HBV/HCV infection 7 (12.5%) 12 (21.81) 5(12.5%) 24 (18.32%)

Liver cirrhosis 3 (5.35%) 8 (14.54%) 4 (10%) 15 (11.45%)

Biliary stone disease 4(7.14%) 2 (3.63%) 13 (32.5%) 19 (14.5%)

Tumor metastasis 20 (35.71%) 20 (36.36%) 7 (17.5%) 47 (35.87%)

Operation history 14 (25%) 26 (47.27) 37 (92.5%) 77 (58.77%)

Family cancer history

Yes 10 (17.85%) 6 (10.9%) 3 (7.5%) 19 (14.5%)

No 31 (21.42%) 30 (52.72%) 32 (80%) 93 (70.99%)

Unknown 8 (60.71%) 6 (36.36%) 5 (12.5%) 19 (14.5%)
cholangiocarcinoma. While TP53, ERBB, CDKN2A,
PIK3CA, ARIDIA, CCNEl are the most common

3. The Most Common Mutation Gene in
Cholangiocarcinoma

Variations in splicing and promoter regions of the gene can
produce multiple transcriptional abnormalities and protein
subtypes. Abnormal translation of the initial codon also
results in more protein subtypes [4]. After analyzing the
results of gene detection in 42 cases of ICCA, 49 cases of
ECCA and 40 cases of GBC, we found that the most common
gene mutations in intrahepatic cholangiocarcinoma were
TP53, KRAS, ARID1A, CDKN2A, SMAD4 and ERBB;
TP53, KRAS, CDKN2A, ARID2, SMAD4 and ARID1A are
the most common  mutations in  extrahepatic

mutations in GBC (Figure 1, Table 2).

Table 2. Proportion of common mutations in CCA and GBC.

ICCA (42) ECCA (49) GBC (40) Total (131)
TP53 16 (38.09%) 24 (48.97%) 28(70%) 68 (51.9%)
KRAS 14 (3333%)  25(51.02%) 3(7.5%) 42 (32.06%)
ARIDIA  12(2857%)  4(8.16%)  6(15%) 22 (16.79%)
CDKN2A 8 (19.04%) 8(1632%) 9(22.5%) 24 (18.32%)
ERBB 7 (16.66%) 4(8.16%)  10(25%) 21 (16.03%)
SMAD4 8 (19.04%) 5(102%)  5(12.5%) 18 (13.74%)
ARID2 3 (7.14%) 6 (1224%) 2 (5%) 11 (8.39%)
ATM 1 (2.38%) 5(102%)  5(12.5%) 11 (8.39%)
CDKI12 1 (2.38%) 36.12%)  6(15%) 10 (7.63%)
CCNEIL 3 (7.14%) 1(2.04%)  6(15%) 10 (7.63%)
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Figure 1. Thermogram of gene sequencing of gallbladder cancer and cholangiocarcinoma. Through comprehensive analysis of heat map, we found that the
most common gene mutations in ICCA were TP53, KRAS, ARIDIA, CDKN24, SMAD4 and ERBB; TP53, KRAS, CDKN24, ARID2, SMAD4 and ARIDIA are
the most common mutations in ECCA. While TP53, ERBB, CDKNZ2A, PIK3CA, ARIDI1A, CCNEI are the most common mutations in GBC.

We found that the mutation rate of TP53 gene are 38.09%  GBC. TP53 gene is the most common mutation of tumor
in ICCA, 48.97% in ECCA and 70% in GBC. Of which 28%  suppressor gene in human malignant tumors. Clinical studies
are arginine mutations. It suggests that TP53 gene mutation  have shown that mutant p53 promotes tumor invasion and
plays an important role in the pathogenesis of CCA and  metastasis through TGF-beta receptor, epidermal growth
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factor receptor and MET signal [5]. Mutations of TP53 gene
can affect the occurrence, progression and therapeutic effect
of cancer. More than 90% of TP53 gene mutations are
located in the core domain, and the function of most p53
protein isomers will be affected by mutations. The core
domain contains DNA binding region. Almost every amino
acid site in this region is associated with cancer [6]. At
present, there is no FDA approval for targeted anti-cancer
drugs for TP53 mutation. WEE1 inhibitors AZD1775 and
SGT-53 have been tested in solid tumors [7]. Another drug,
APR-246, can stabilize the conformation of mutant p53
protein and increase the sensitivity of cancer cells to
chemotherapy [8].

RAS genes (including NRAS, KRAS and HRAS) are
common mutations in human tumors. The mutation rates of
KRAS gene in ICCA, ECCA and GBC are 33.33%, 51.02%
and 7.5%, respectively. We found that 70% of them are
glycine mutations in the 12 encoding. These mutations can
affect the hydrolysis of GTP mediated by RAS, and lead to
persistent activation of RAS, which promotes the
development of CCA and GBC [9]. KRAS gene encodes a
RAS protein with GTPase activity, which is the key
regulatory protein of EGFR signaling pathway. It can
promote cell proliferation, migration, survival, angiogenesis,
metabolism and immune escape [10]. At present, it is
generally believed that KRAS gene mutation is a poor
prognostic factor for many cancers [11]. Cancer caused by
KRAS gene mutation is reported to respond to MEK
inhibitors [12]. A phase I clinical trial of solid tumors showed
that patients with KRAS mutation reduced their tumors by
6% to 52% after taking Trimetinib [13]. Phase I/II clinical
trials of piperacilli (CDK4/6 inhibitor) combined with PD-
0325901 (MEK inhibitor) in the treatment of KRAS mutant
solid tumors are under way (NCT02022982) [14].

After our investigation, we found that 25 out of 91 patients
with cholangiocarcinoma were positive for PD-L1. In
addition, 18 of 25 patients had TP53 and KRAS gene
mutations, accounting for 72%, which indicated that TP53
and KRAS gene mutations were related to the positive
expression of PD-L1, and the above two gene mutations had
a certain impact on tumor immune microenvironment.

ARIDIA is a cancer suppressor gene with ATPase
activity, which regulates the target gene by changing the
structure of chromosomes around the target gene. The
mutation rate of ARID1A gene in ICCA, ECCA and GBC
are 28.57%, 8.16% and 15%, respectively. Most of the
mutate is termination codons. ARIDIA gene mutations in
tumors are nonsense mutations or frameshift mutations,
which lead to loss of protein expression [15]. The deletion
of ARIDIA gene leads to the activation of PI3K/Akt
pathway and increases the phosphorylation level of Akt
[16]. DNA repair defects occur in ARID1A-deficient cancer
cells, which are prone to DNA damage [17]. In ICCA, low
expression of ARIDIA protein is associated with poor
prognosis. Inhibition of ARID1A protein expression could
induce hepatocellular carcinoma in mice [18]. At present,
there is no FDA approved anti-cancer drug targeting

ARIDIA gene. A phase II clinical trial with olapali for the
treatment of tumors is being recruited (NCT02576444,
OLAPCO), in which Orapali and Akt inhibitor AZD5363
were used in combination.

The mutation of CDKN2A gene was related to many
malignant tumors. The mutation rate of CDKN2A gene in
ICCA, ECCA and GBC are 19.04%, 16.32% and 22.5%,
respectively. Of which 29% are the decrease of gene copy
number. CDKN2A produced two kinds of proteins P14 and
pl6 through selective splicing. P14 inhibited the degradation
of TP53 by interacting with MDM2 [19]. Deletion of
CDKN2A allele is associated with worse progression-free
survival (P< 0.001)[20]. Pabosini and Rebosini are FDA-
approved oral CDK4/6 inhibitors. At present, there is no
clinical trial on the application of reboxinib in patients with
cholangiocarcinoma. In addition, AKT inhibitor MK2206 is
currently being studied for the treatment of advanced
refractory cholangiocarcinoma (NCT01425879).

The mutation rate of ERBB gene in ICCA, ECCA and GBC
are 16.66%, 8.16% and 25%, respectively. 69% of them are
gene amplification. ERBB belongs to the human epidermal
growth factor receptor family, which includes four Members:
EGFR, HER2, HER3 and HER4; they are transmembrane
receptor tyrosine kinases, involved in the growth factor
mediated carcinogenic signal cascade amplification and
transmission. Studies have shown that continued expression of
HER2 in the gallbladder epithelium can lead to
adenocarcinoma, and patients with overexpression have a
worse S-year overall survival [21]. The clinical experimental
study showed that Lapatinib combined with Gemcitabine
could inhibit the proliferation of gallbladder cancer cell line
(TGBC1-TKB) in cooperation [22].

Other common mutations are SMAD4, ARID2, ATM,
CDKI12, CCNEI. Among the ARID2 mutations, 54% were
glutamine mutations. We analyzed that the mutation can
cause the degradation of mRNA and result in the loss of
protein expression. In the mutations of CDK12 gene, 80%
were gene amplification. It is associated with malignant
transformation and progression of pleomorphic adenoma.
The variation rate of CCEN1 gene in CCA and GBC are
9.18% and 15%, all of which showed the increase of gene
copy number. The amplification of this gene is related to the
prognosis of many tumors. Over expression of CCNEI1 can
increase the resistance of HCC to Sorafenib. A phase II
clinical trial using Weel inhibitor AZD1775 to treat solid
tumor patients with CCNEIl gene amplification has been
initiated (NCT03253679).

In addition, we also found that in CCA and GBC, the
mutation of TERT gene all changed from cysteine to
threonine, which was 124 bases upstream of translation
initiation codon. All mutations of GNAS gene occur in
ICCA, and the mutation site are arginine mutation to
histidine in 201 Codon. Some datas show that progression-
free survival of patients with high expression of GNAS is
significantly shorter than that of patients with low
expression, suggesting that over expression of GNAS is
related to prognosis [23].
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4. Clinical Analysis of PD-1 Inhibitor in
the Treatment of CCA

Immune inhibitors of programmed death receptor 1 (PD-
1) and programmed death receptor ligand 1 (PDL-1) have
become a hotspot in the field of cancer therapy. Because of
their long-lasting antineoplastic efficacy and wide
applicability, they have become the most promising and
therapeutic strategy for cancer immunotherapy. PD-1 is
mainly expressed in activated T cells and B cells, and its
function is to inhibit the activation of cells, which is a
normal homeostasis mechanism of the immune system [10].
PD-L1 is up-regulated in a variety of tumor cells. It
combines with PD-1, inhibits the proliferation and
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activation of T cells, makes it inactive, and finally induces
tumor immune escape. Therefore, immunotherapy targeting
PD-1 and PD-L1 can kill tumor cells by activating anti-
tumor immunity.

According to the inclusion criteria, we chose patients who
could not resect the tumor or relapse after surgery for PD-1
inhibitor treatment. After NGS test, there are 25 patients with
PDL-1 positive or TMB medium and high (Table 3).
According to the sequence of tumor species, TMB was
divided into high, medium and low. TMB in the 0%-25%
range is high, 26%-75% is medium, 76%-100% is low. The
higher TMB, the better effect of PD-1 inhibitor (Figure 2).
According to clinical guidelines, PD-1 inhibitors can only be
used PDL-1 positive or TMB medium and high.
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Figure 2. Data of CA199, CA125, CA242 mean changes before and after PD-1 inhibitors. It was found that the tumor markers of most patients decreased to
some extent after PDI inhibitor treatment, but after a period of treatment, the tumor markers of some patients increased again, indicating that these patients

had drug resistance to PD1 inhibitor.

Table 3. Comparison of MSI, PDL-1 and TMB in ICCA, ECCA and GBC.

ECCA (n=49) ICCA (n=42) GBC (n=40) ALL (N=131)
MSI-H 1 (2..04%) 3 (7.14%) 2 (5%) 6 (4.58%)
PDL-1 positive 5 (10.2%) 11 (26.19%) 8 (20%) 24 (18.32%)
Low TMB 36 (73.46%) 30 (71.42%) 18 (45%) 84 (64.12%)
Medium TMB 10 (20.4%) 8 (19.04%) 18 (45%) 36 (27.48%)
High TMB 3(6.12%) 4(9.52%) 4 (10%) 11 (8.39%)

MSI-H: microsatellite instability-high. There is a certain correlation between tissue MSI test score and immunotherapy. TMB: Tumor mutation burden. It
refers to the number of somatic mutations per million bases in the coding region of targeted sequencing, including point mutation and insertion deletion. Low
TMB (1-5 mutations / MB), Medium TMB (6-19 mutations / MB), High TMB (>20 mutations / MB). PDL-1: Interaction between PD-L1 and its receptor PD-
1 can inhibit the activation of T cells and the production of cytokines, providing an immune escape mechanism for tumor cells.

Through gene testing, 15 patients use Pembrolizumab and
10 patients use nivolumab. Drugs are given every two or
three weeks. By follow-up, about 6 weeks later, 15 patients
CA19-9, CA125, CA242 tumor markers decreased to some
extent, which also prolonged the progression free survival
and overall survival (Figure 2). It has been reported that the
average survival rate of CCA is 9 months [24]. However,
after follow-up, the objective response rate of patients with

PD-1 inhibitors was 24%. The Progression free survival
(months) of the patients are 5.2+4.8 months and the longest
Progression free survival (months) up to 17 months. The
Overall survival (months) of patients with PD-1 inhibitors is
11.9 £+ 5.9 months. No patient has been completely relieved.
6 patients had partial remission and 13 patients stabled after
using PD-1 inhibitor. In addition, some patients were found
that the diameter of the tumor significantly smaller than
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before treatment (Figure 3). Although PD-1 inhibitors
showed ideal anti-tumor effects in many solid tumors, but not
all patients could benefit from this treatment. We also found
6 patients did not benefit from the treatment. Their condition
did not improve and the tumor continuous increase.
However, it is worth noting that these patients have severe
pain caused by tumor. They need to use analgesics every day.
Although the survival period of patients after using PD-1
inhibitors has not been extended, but their pain symptoms
have been well and generally relieved. It can be proved that
PD-1 inhibitor has a good effect of inhibiting pain caused by
tumor, and the specific mechanism needs further study.
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0

Figure 3. Contrast CT image before and after using PD-1 inhibitor. Before
treatment, the size of ICCA was about 98 mm*96 mm. After 2 months of PD1
inhibitor treatment, the size of tumor was significantly reduced to 43 mm*29
mm.
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Figure 4. Comparison of overall survival rate between the two groups. We found that the overall survival rate was slightly longer in patients with PDI

inhibitors.

5. Conclusion

Transforming NGS into oncology practice promotes the
development of precision medicine, which tailors anti-cancer
programs for everyone according to gene maps. Compared
with traditional treatments focusing on the primary site of
tumors, precision medicine is dedicated to identifying
operable genetic changes. Gene changes vary widely among
individuals, partly reflecting the heterogeneity of tumors,
which may be related to the specific environment [25].
Sequencing multiple tumor sites at different time and
matching identified operational targets may be the best
method. Fortunately, NGS provides an opportunity to
identify mutated genes. Through the observation of patients
using PD-1 inhibitor for nearly half a year, we found that the
progression free survival period and overall survival rate of
patients were prolonged. After a follow-up of 25 patients
with CCA treated with PD-1 inhibitor, we found the objective
remission rate reached 60%. Although all patients have
indications of using PD-1, the complete failure rate is still
40%. Our study found that the higher the TMB, the better the
effect on PD-1 inhibitor. Three patients have been using PD-
1 inhibitor for 10 months to one year, and their condition is
still in a stable state. In all of these patients, the codon 12 of
KRAS gene mutation was changed from glycine to valine.
However, CDKN2A and PREX2 gene mutation are more
common among PD-1 inhibitor insensitive patients.
CDKN2A gene encodes two different and unrelated tumor

suppressor proteins, pl 6INK4a and p14ARF. P16INK4a can
bind and inhibit the expression of CDK4 and CDK®, so as to
maintain the function of tumor suppressor RB. P14ARF can
regulate p53 mediated apoptosis by inhibiting the stability
and activation of MDM2 [26]. PREX2 may play a role in
carcinogenesis by inhibiting phosphatase activity and
activating phosphoinositide kinase signaling pathway [27].
We consider that mutations of the above two genes may lead
to PD-1 inhibitors resistance and reduce the efficacy, but it
still needs to be confirmed by research.
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