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Abstract

Background and Aims: We evaluated the efficacy and safety of the

antiangiogenic tyrosine kinase inhibitor anlotinib plus TQB2450, a pro-

grammed death‐ligand 1 inhibitor in pretreated advanced biliary tract cancers

(BTCs).

Approach and Results: In this pooled analysis of two single‐center, phase

Ib clinical trials (TQB2450‐Ib‐05 and TQB2450‐Ib‐08 trials), 66 patients with

advanced BTCs who had progressed or declined or were ineligible for first‐

line chemotherapy were included. With the treatment of anlotinib plus

TQB2450, two patients achieved complete response, and 12 had a partial

response assessed by Response Evaluation Criteria in Solid Tumors 1.1,

yielding an objective response rate of 21.21%, a disease control rate (DCR)

Abbreviations: AE, adverse event; BTC, biliary tract cancer; CBR, clinical benefit rate; DCR, disease control rate; DoR, duration of response; EHCC, extrahepatic
cholangiocarcinoma; FGF, fibroblast growth factor; GBC, gallbladder cancer; ICI, immune checkpoint inhibitor; IHCC, intrahepatic cholangiocarcinoma; IQR, inter-
quartile range; NGS, next‐generation sequencing; NR, not reached; ORR, objective response rate; OS, overall survival; PD‐1, programmed cell death protein 1; PD‐
L1, programmed death‐ligand 1; PFS, progression‐free survival; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease; TKI, tyrosine kinase
inhibitor; TMB, tumor mutational burden; TRAE, treatment‐related AE.
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of 72.73%, and a clinical benefit rate (CBR) of 42.42%. With a median follow‐

up of 19.68 months, median progression‐free survival (PFS) and overall

survival (OS) were 6.24 (95% confidence interval [CI], 4.11–8.25) and 15.77

(95% CI, 10.74–19.71) months, respectively. Adverse events (AEs) were

reported in 64 (96.97%) patients, and the most common grade 3 or worse

treatment‐related AEs included elevated levels of aspartate amino-

transferase (7.58%), alanine aminotransferase (6.06%), and hypertension

(6.06%). Patients with high tumor mutational burden (TMB; ≥ 5 mutations/

Mbp) had a better CBR (70.8% vs. 22.2%), longer OS (14.32 vs.

9.64 months), and a trend toward longer PFS (7.03 vs. 4.06 months).

Patients with kirsten rat sarcoma viral oncogene homolog (KRAS) mutations

showed a lower CBR (12.5% vs. 58.8%) and shorter PFS (2.02 vs.

6.80 months) and OS (10.53 vs. 13.13 months).

Conclusions: Anlotinib combined with TQB2450 showed promising efficacy

and was well tolerated in advanced BTCs. KRAS mutation and high TMB

might serve as predictors of treatment efficacy.

INTRODUCTION

Biliary tract cancers (BTCs), a heterogeneous group of
cancers consisting of intrahepatic cholangiocarcinoma
(IHCC), extrahepatic cholangiocarcinoma (EHCC), and
gallbladder cancer (GBC), are characterized by a
relatively low but increasing incidence. Late diagnosis,
a high relapse rate after surgery, and refractoriness to
treatments contribute to poor prognosis in patients with
BTCs, with a 5 year survival rate below 20%.[1]

Advanced BTCs are often refractory to chemotherapy,
and the response rate for first‐line chemotherapy
combining gemcitabine and cisplatin is only about
25%–30%, with a median overall survival (OS) of
11–13 months.[2,3] The efficacy of second‐line chemo-
therapy for BTCs remains dismal. The ABC‐06 study
showed that combination therapy of leucovorin, fluo-
rouracil, and oxaliplatin (FOLFOX) only achieved an
objective response rate (ORR) of 5% and an OS of
6.2 months,[4] and the NIFTY study reported that
liposomal irinotecan in combination with 5‐fluorouracil/
leucovorin achieved a median OS of 8.6 months.[5]

Targeted therapies have shown promising therapeutic
effects in patients with specific gene alterations, as
pemigatinib monotherapy for patients with advanced
BTCwith fibroblast growth factor (FGF) receptor 2 fusion/
rearrangement achieved an ORR of 37.0% and a median
OS of 17.5 months,[6] whereas ivosidenib exhibited a
significantly longer OS than the placebo (10.3 vs.
5.1 months, p < 0.0001) in patients with refractory
BTC with isocitrate dehydrogenase‐1 mutation.[7] As for
v‐raf murine sarcoma viral oncogene homolog B1
(BRAF) V600E‐mutated BTCs, dabrafenib plus

trametinib showed an ORR of 47% in the ROAR
study.[8] The results of the MyPathway trial demonstrated
that the combination of trastuzumab and pertuzumab
reached an ORR of 23% in human epidermal growth
factor receptor 2‐positive BTCs.[9] However, only a small
proportion of patients harboring these gene alterations
could benefit from the targeted therapy accordingly.
Therefore, there is still an urgent need for developing
therapeutic strategies for patients with advanced BTCs,
especially in second‐line treatments and later line
treatments.

The application of immune checkpoint inhibitors (ICIs)
is a breakthrough in the treatment of malignancies.
Pembrolizumab has been proposed for the treatment of
microsatellite instability‐high solid tumors including
BTCs,[10] whereas most clinical studies of ICIs as
monotherapy have shown limited therapeutic efficacy in
all‐comer patients with advanced BTCs, with an ORR of
3%–13% and an OS of 5.2–7.4 months.[11] To date, a
phase II nivolumab trial reported an OS of 14.2 months in
patients with advanced BTCs (with 43% of patients having
programmed death‐ligand 1 [PD‐L1]+).[12] Combination
therapy, including ICIs, is expected to be an effective
strategy for addressing this dilemma, and the TOPAZ‐1
trial just demonstrated the advantages of durvalumab
combined with chemotherapy in first‐line therapy.[13]

Furthermore, the combination of ICIs and angiogenesis
inhibitors is considered another promising strategy for
patients with advanced BTCs based on its synergistic
effects and successful application in hepatocellular
carcinoma (HCC),[14] renal cell carcinoma,[15] and non–
small cell lung cancer (NSCLC).[16] Although several
single‐arm trials have explored the preliminary efficacy of
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such combinations,[17–19] the associated survival benefits
require further investigation.

Anlotinib is a multitargeted antiangiogenic tyrosine
kinase inhibitor (TKI) approved for advanced lung
cancer and soft‐tissue sarcoma and has shown a
noteworthy efficacy as monotherapy in patients with
advanced HCC.[20] Furthermore, in vivo studies[21] and
case reports[22,23] have preliminarily demonstrated the
application of anlotinib for the treatment of patients
with BTCs, providing a rationale for further evaluation
of the efficacy of anlotinib in patients with advanced
BTCs. TQB2450 is a PD‐L1 inhibitor developed by
Chia Tai Tianqing Pharmaceutical Group Co. Ltd.
(Nanjing, China), which is currently undergoing sev-
eral clinical studies in China involving BTCs and other
solid tumors.

Thus, two phase Ib trials of anlotinib in combination
with TQB2450 for pretreated advanced BTCs were
conducted at the Cancer Hospital of the Chinese
Academy of Medical Sciences and Peking University
Cancer Hospital. Given that these two trials were
conducted with almost the same regimen during the
same time frame, we aimed to conduct a pooled
analysis and to preliminarily assess the efficacy and
safety of anlotinib plus TQB2450 for pretreated
advanced BTCs. In addition, biomarker analysis was
performed to identify potential predictors of efficacy for
enlightening the precise therapeutic strategies.

PATIENTS AND METHODS

Study design

This study was a pooled analysis of two single‐center,
phase Ib clinical trials (identifiers: TQB2450‐Ib‐05 and
TQB2450‐Ib‐08); only patients with advanced BTCs had
progressed after first‐line chemotherapy or who were
ineligible for or declined first‐line chemotherapy were
enrolled.

The inclusion criteria for the original trials were as
follows: (1) age ≥ 18 years; (2) Eastern Cooperative
Oncology Group performance status score of 0 or 1[24];
(3) life expectancy of at least 3 months; (4) histologically
or pathologically confirmed unresectable or metastatic
BTCs, including IHCC, EHCC, and GBC, with at least
one measurable lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version
1.1 criteria[25]; (5) occurrence of disease progression
after first‐line systemic therapy or intolerance because
of adverse events (AEs). The TQB2450‐Ib‐08 trial
additionally included patients with BTCs who were not
eligible for or declined the first‐line standard treatment.
The details of TQB2450‐Ib‐05 and TQB2450‐Ib‐08 trials
are shown in the supplementary materials.

The TQB2450‐Ib‐05 and TQB2450‐Ib‐08 trials were
both approved by the institutional review boards

(NCC1848: December 25, 2018, and 2019YW41:
March 25, 2019), and all patients provided signed
informed consent. The two trials were conducted
according to the principles of the Declaration of
Helsinki and Good Clinical Practice requirements.
They were registered on ClinicalTrials.gov (identifiers:
NCT03825705 and NCT03996408).

Procedure

Patients in both trials received the same treatment,
consisting of an intravenous infusion of TQB2450
(1200 mg, on day 1) and oral administration of
anlotinib (once a day, from day 1 to day 14), a
regimen that was repeated every 3 weeks until
disease progression, occurrence of intolerable toxic-
ities, or the patient withdrew from the study. Briefly,
1200 mg of TQB2450 was dissolved in 250 ml of
saline, and the infusion time was around 60 min. The
initial dose of anlotinib was 10 mg; if it was well
tolerated during the course of the trial, the dosage was
increased to 12 mg. The dosage of 12 mg was
considered a safe dose if one sixth or fewer of the
patients developed dose‐limiting toxicity; otherwise, 10
mg was ultimately recommended as a safe dosage. In
the case of two sixths or more of patients who
were administered a 10‐mg dose developed dose‐
limiting toxicities, the dose was reduced to 8 mg; if the
8‐mg dose was still intolerable, the trial would be
terminated.

Disease progression (evaluated according to
RECIST 1.1) was re‐evaluated by investigators accord-
ing to a modified RECIST 1.1 for immune‐based
therapeutics. The treatment would continue in case
the patients might benefit from it.

Endpoints

The efficacy endpoints included the ORR, disease
control rate (DCR), clinical benefit rate (CBR; defined
as the proportion of patients with a complete response
[CR], a partial response [PR], and stable disease [SD]
persisting for ≥24 weeks), duration of response (DoR),
progression‐free survival (PFS), and OS. The ORR was
evaluated by RECIST 1.1.[25] Tumor assessments were
performed every 6 weeks until week 54 and then every 9
weeks. Safety was assessed using Common Terminol-
ogy Criteria for AEs (Ver. 5.0).

Detection of PD‐L1 expression

PD‐L1 expression was determined by immunohisto-
chemistry using VENTANA PD‐L1 (SP263) primary
antibodies (Roche Diagnostics, Basel, Switzerland) and
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stratifiedbasedon the combinedpositive score (CPS) < 5
or CPS ≥ 5. CPS was calculated as the number of PD‐
L1–positive cells (tumor cells, lymphocytes, and macro-
phages) divided by the total number of tumor cells and
multiplied by 100.

Next‐generation sequencing detection

Formalin‐fixed, paraffin‐embedded tissue specimens
were analyzed by next‐generation sequencing (NGS;
Cancer Sequencing YS panel [CSYS][26]), which
targeted all the exons of 450 genes and introns of 39
genes with an average coverage of at least 1000×.
The test was carried out by OrigiMed, a College of
American Pathologists–accredited and Clinical Labo-
ratory Improvement Amendments–certified laboratory
(Shanghai, China).

Tumor mutational burden (TMB) scores were
calculated from CSYS data for each sample by
counting somatic mutations, including coding single
nucleotide variants and indels, per megabase of the
sequence examined. Known somatic mutations in
the Catalog of Somatic Mutations in Cancer and
known germline polymorphisms in the US National
Center for Biotechnology Information’s Single
Nucleotide Polymorphism Database were not
counted.[27] The best cutoff value of TMB in this
study was obtained from the optimal critical value
calculated by the receiver‐operating characteristic
(ROC) curve analysis of CBR.

Statistical analysis

In phase Ib trials, the sample size of both trials was not
based on efficacy benefit and type I error considerations.
The sample size of 20–30 patients in the dose‐expansion
phase was designed to evaluate preliminary efficacy and
safety.

Statistical analysis was performed with the SAS 9.4
software (SAS Institute, Cary, North Carolina), and NGS
data were analyzed with the R 3.5.7 software (R
Foundation for Statistical Computing, Vienna, Austria).
Differences in continuous variables were assessed by
two‐tailed unpaired t‐test, and differences in categorical
variables were examined by the chi‐square test or
Fisher’s exact test. Median PFS, OS, and DoR were
calculated by the Kaplan‐Meier method and displayed as
median (95% CI). ORR and DCR were evaluated with
point estimates and 95% CIs. Duration of follow‐up was
calculated by the reverse Kaplan‐Meier estimate of OS. A
value of p < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics and treatment

A total of 66 patients with BTC were included, including
34 from the TQB2450‐Ib‐05 trial and 32 from the
TQB2450‐Ib‐08 trial (Figure 1), with a median age of
58 (range, 35–75) years. The primary tumor locations in
most cases were the intrahepatic bile duct (46.97%),

F IGURE 1 Study flowchart. NGS, next‐generation sequencing. D1–14, from day 1 to day 14; Q3W, every 3 weeks.
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gallbladder (30.30%), and extrahepatic bile duct
(22.73%). A total of 39 patients had available PD‐L1
data, with 23 (58.97%) and 16 (41.03%) patients
showing CPS < 5 and CPS ≥ 5, respectively
(Table 1). Among 66 patients, 29 and 37 received 10
and 12 mg anlotinib, respectively. Patients’
demographic and clinical characteristics are presented
in Table 1. The data cutoff date was June 15, 2021, with

a median follow‐up of 19.68 (95% CI, 16.33–20.44)
months. The median duration of treatment was 4.98
(interquartile range [IQR]: 2.53–9.86) months (including
nine patients who continued treatment one or more
cycles after progression, according to the investigator’s
decision), which was 4.60 (IQR: 2.53–9.86) and 5.85
(IQR: 2.53–9.43) months in the 10‐mg and 12‐mg
anlotinib subgroups, respectively.

TABLE 1 Baseline characteristics

Characteristics Total (n = 66) Anlotinib (10 mg) (n = 29) Anlotinib (12 mg) (n = 37)

Age, years old, median (range) 58 (35–75) 57 (37–75) 58 (35–74)

Age group, n (%)

<65 52 (78.79) 22 (75.86) 30 (81.08)

≥65 years old 14 (21.21) 7 (24.14) 7 (18.92)

Male, n (%) 31 (46.97) 15 (51.72) 16 (43.24)

ECOG PS, n (%)

0 43 (65.15) 19 (65.52) 24 (64.86)

1 23 (34.85) 10 (34.48) 13 (35.14)

HBV infectionb, n (%) 10 (15.15) 4 (13.79) 6 (16.22)

Tumor location, n (%)

Gallbladder 20 (30.30) 6 (20.69) 14 (37.84)

Intrahepatic bile duct 31 (46.97) 19 (65.52) 12 (32.43)

Extrahepatic bile duct 15 (22.73) 4 (13.79) 11 (29.73)

Sum of the diameter of target lesions
at baseline, mm, median (range)

54 (10–201) 51 (10–201) 57 (11–186)

CA199 level at baseline, U/ml,
median (range)

81.5 (1.1–11,647) 61.2 (1.1–11,647) 148.3 (2–3093)

PD‐L1 expressiona, n (%)

CPS<5 23 (58.97) 8 (66.67) 15 (55.56)

CPS≥ 5 16 (41.03) 4 (33.33) 12 (44.44)

Number of metastatic sites, n (%)

1 26 (39.39) 9 (31.03) 17 (45.95)

2 19 (28.79) 12 (41.38) 7 (18.92)

3 14 (21.21) 6 (20.69) 8 (21.62)

4 4 (6.06) 1 (3.45) 3 (8.11)

Missed data 3 (4.55) 1 (3.45) 2 (5.41)

Metastatic site, n (%)

Liver 30 (45.45) 16 (55.17) 14 (37.84)

Lung 23 (34.85) 14 (48.28) 9 (24.32)

Bone 5 (7.58) 2 (6.9) 3 (8.11)

Number of previous treatments, n (%)

0 2 (3.03) 0 2 (5.41)

1 53 (80.3) 24 (82.76) 29 (78.38)

2 9 (13.64) 4 (13.79) 5 (13.51)

≥3 2 (3.03) 1 (3.45) 1 (2.7)

Prior surgery, n (%) 51 (77.27) 20 (68.97) 31 (83.78)

Prior radiotherapy, n (%) 13 (19.70) 8 (27.59) 5 (13.51)

Abbreviations: CA‐199: carbohydrate antigen 199; CPS: combined positive score; ECOG: Eastern Cooperative Oncology Group Performance Score; HBV: hepatitis B
virus; PD‐L1: programmed death‐ligand 1.
aThe proportions of patients with different PD‐L1 expression levels were calculated based on the number of evaluable patients.
bAll the enrolled patients were without hepatitis C virus infection.
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Efficacy

As shown in Table 2, two patients achieved a CR, and
12 achieved a PR; the ORR for the total population
was 21.21% (95% CI, 12.11%–33.02%). Figure 2
shows the best diameter changes from baseline of
target lesions, with the target lesions decreasing in
67.21% (41/61) of the evaluated patients. Besides, 34
patients achieved SD, including 28 cases, with
SD lasting for ≥ 24 weeks, indicating a DCR of
72.73% (95% CI, 60.36%–82.97%) and a CBR of
42.42% (95% CI, 30.34%–55.21%). Median PFS was
6.24 (95% CI, 4.11–8.25) months (Figure 3A). The
DoR was not reached (NR). Accordingly, the median
OS was 15.77 (95% CI, 10.74–19.71) months
(Figure 3B).

Efficacy was further evaluated according to anlotinib
dosage (Table 2). It was found that the ORR of patients

administered 10 mg anlotinib was 10.34% (95% CI,
2.19%–27.35%), and median PFS and OS were 4.86
(95% CI, 3.15 to NR) and 13.54 (95% CI, 8.94–19.71)
months, respectively. In patients who received 12 mg
anlotinib, the ORR was 29.73% (95% CI, 15.87%–

46.98%), and median PFS and OS were 6.87 (95% CI,
3.45–14.32) and 18.92 (95% CI, 10.61 to NR) months,
respectively.

According to PD‐L1 expression, median PFS was
6.80 (95% CI, 4.11 to NR) months in patients with
CPS ≥ 5 and CPS ≥ 6.24 (95% CI, 2.76 to NR)
months in those with CPS < 5. The longest OS was
noted in patients with GBC, with a median OS of 19.71
(95% CI, 6.08–21.16) months; in patients with IHCC, the
median OS was 15.51 (95% CI, 10.32 to NR) months
versus 14.32 (95% CI, 4.63–22.54) months in patients
with EHCC.

Safety

AEs were reported in 96.97% (64/66) of patients,
including 89.39% (59/66) with treatment‐related AEs
(TRAEs). The incidence rates of TRAEs were 96.55%
and 83.78% in patients administered 10 and 12 mg of
anlotinib, respectively. The most common TRAEs were
hypothyroidism (54.55%), leukopenia (42.42%), elevated
aspartate aminotransferase (40.91%), diarrhea
(40.91%), and elevated bilirubin (39.39%). The incidence
of TRAEs with grade 3 or higher was 25.76% (17/66).
The most common TRAEs with grade 3 or higher were
elevated aspartate aminotransferase (7.58%, n = 5),
alanine aminotransferase (6.06%, n = 4), and hyper-
tension (6.06%, n = 4). The incidence of immune‐related
AEs was 46.97% (n = 31), whereas 16.67% of patients
experienced immune‐related AEs with grade 3 or higher.

TABLE 2 Efficacy

Total
(n = 66)

Anlotinib (10 mg,
n = 29)

Anlotinib (12 mg,
n = 37)

ORR 14 (21.21) 3 (10.34) 11 (29.73)

DCR 48 (72.73) 21 (72.41) 27 (72.97)

CBR 28 (42.42) 9 (31.03) 19 (51.35)

CR 2 (3.03) 0 2 (5.41)

PR 12 (18.18) 3 (10.34) 9 (24.32)

SD 34 (51.52) 18 (62.07) 16 (43.24)

PD 13 (19.70) 6 (20.69) 7 (18.92)

NA 5 (7.58) 2 (6.90) 3 (8.11)

Note: All data were presented as n (%).
Abbreviations: CR, complete response; DCR, disease control rate; NA, not
available for efficacy assessment; ORR: objective response rate; PD, pro-
gressive disease; PR: partial response; SD: stable disease.

F IGURE 2 Diameter changes of target lesions from baseline. CR, complete response; NE, not evaluable; PD, progressive disease; PR, partial
response; SD, stable disease.
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F IGURE 3 Progression‐free survival (A) and overall survival (B) in the total population. CI, confidence interval.

TABLE 3 Treatment‐related adverse events

Treatment‐related adverse events
Total (n = 66) Anlotinib (10 mg, n = 29) Anlotinib (12 mg, n = 37)
Any grade Grades 3–5 Any grade Grades 3–5 Any grade Grades 3–5

Hypothyroidism 36 (54.55) 0 21 (72.41) 0 15 (40.54) 0

Leukopenia 28 (42.42) 0 12 (41.38) 0 16 (43.24) 0

Elevated aspartate aminotransferase 27 (40.91) 5 (7.58) 13 (44.38) 2 (6.90) 14 (37.84) 3 (8.11)

Diarrhea 27 (40.91) 1 (1.52) 19 (65.52) 0 8 (21.62) 1 (2.70)

Elevated bilirubin 26 (39.39) 1 (1.52) 14 (48.28) 0 12 (32.43) 1 (2.70)

Hand‐foot syndrome 26 (39.39) 0 17 (58.62) 0 9 (24.32) 0

Asthenia 26 (39.39) 2 (3.03) 17 (58.62) 0 9 (24.32) 2 (5.41)

Elevated alanine aminotransferase 25 (37.88) 4 (6.06) 12 (41.38) 1 (3.45) 13 (35.14) 3 (8.11)

Elevated low‐density lipoprotein 25 (37.88) 0 15 (51.72) 0 10 (27.03) 0

Hypertension 23 (34.85) 4 (6.06) 15 (51.72) 2 (6.90) 8 (21.62) 2 (5.41)

Proteinuria 21 (31.82) 0 12 (41.38) 0 9 (24.32) 0

Neutrophil count decreased 20 (30.30) 0 8 (27.59) 0 12 (32.43) 0

Prolonged QT interval 19 (28.79) 1 (1.52) 16 (55.17) 1 (3.45) 3 (8.11) 0

Gingival bleeding 19 (28.79) 0 12 (41.38) 0 7 (18.92) 0

Hyperthyroidism 18 (27.27) 0 6 (20.69) 0 12 (32.43) 0

Hypertriglyceridemia 18 (27.27) 0 11 (37.93) 0 7 (18.92) 0

Platelet count decreased 16 (24.24) 1 (1.52) 7 (24.14) 0 9 (24.32) 1 (2.70)

Rash 15 (22.73) 1 (1.52) 6 (20.69) 1 (3.45) 9 (24.32) 0

Hematuria 15 (22.73) 0 10 (34.48) 0 5 (13.51) 0

Hypercholesterolemia 12 (18.18) 0 8 (27.59) 0 4 (10.81) 0

Hyperglycemia 9 (13.64) 0 6 (20.69) 0 3 (8.11) 0

Abdominal pain 9 (13.64) 0 8 (27.59) 0 1 (2.70) 0

Dysphonia 8 (12.12) 0 4 (13.79) 0 4 (10.81) 0

Decreased appetite 5 (7.58) 0 4 (13.79) 0 1 (2.70) 0

Vomiting 5 (7.58) 0 5 (17.24) 0 0 0

Oropharyngeal pain 5 (7.58) 0 4 (13.79) 0 1 (2.70) 0

Back pain 5 (7.58) 0 5 (17.24) 0 0 0

Creatinine increased 4 (6.06) 0 1 (3.45) 0 3 (8.11) 0

Subungual bleeding 4 (6.06) 0 2 (6.90) 0 2 (5.41) 0

Myalgia 4 (6.06) 1 (1.52) 2 (6.90) 1 (3.45) 2 (5.41) 0

Note: All data were presented as n (%).
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The detailed characteristics of TRAEs, including anlotinib
dosage subgroup analysis, are shown in Table 3.

Severe AEswere reported in seven (10.61%) patients.
Dosage modification or interruption of any treatment
because of AEs occurred in 22 (33.33%) patients. In
addition, seven (10.61%) patients discontinued any
treatment with anlotinib or TQB2450 because of AEs.

The landscape of genomic alternations and
potential predictive factors of treatment
response

According to NGS, tumor protein 53 (TP53; 45%),
epidermal growth factor receptor (36%), mucins 16
(35%), kirsten rat sarcoma viral oncogene homolog
(KRAS; 19%), and obscurin (19%) were the most
frequently mutated genes (Figure S1).

The median TMB was 6.45 mutations/Mbp. ROC
curve analysis of CBR indicated that the best cutoff value
for TMB was 5.05 (Figure S2). For the convenience of
clinical application, the value of 5 was chosen as the best
prediction cutoff. Patients with high TMB (≥5 mutation/
Mb, n = 24) had a better CBR than those with low TMB
(n = 18; CBR, 70.8% vs. 22.2%; p = 0.004), as well as a
longer median OS (14.32 vs. 9.64 months, p = 0.009)
and a trend of longer median PFS (7.03 vs. 4.06 months,
p = 0.059) (Figure 4). Based on the significant correlation
between TMB and treatment efficacy, gene and pathway
mutation profiles were analyzed between patients with
CBR and patients without CBR. Significant differences
were found in AT‐rich interaction domain 1B (ARID1B)
and KRAS mutations (p = 0.0207 and 0.0448,

respectively). It is noteworthy that the Switch/Sucrose
Nonfermentable (SWI/SNF) pathway was found to be the
most affected, and its mutation rate was higher in the
CBR group (Figure S3).

Patients with KRAS mutations (n = 8) had a lower
CBR (12.5 vs. 58.8%, p = 0.045) and shorter median
PFS (2.02 vs. 6.80 months, p < 0.001) and OS (10.53
vs. 13.13 months, p = 0.038) (Figure 5). The median
PFS and OS of patients with mutated ARID1B (n = 6)
and wild‐type gene were 13.08 versus 4.55 months
(p = 0.082) and 17.81 versus 10.84 (p = 0.074) (Figure
S4A,B). Patients with mutated AT‐rich interaction
domain 1A (ARID1A) (n = 4) and wild‐type gene
showed median PFS of 1.36 and 6.59 months,
respectively (p < 0.001), and OS of 11.38 and
12.78 months, respectively (p = 0.023) (Figure S4C,
D). Two patients harboring co‐occurrence of KRAS and
ARID1A mutations. Furthermore, the median PFS and
OS of patients with abnormal FGF pathway (n = 10,
23.8%) were numerically longer than those of cases
with normal FGF, but no significant difference was
found (median PFS, 6.85 vs. 5.52 months; p = 0.518;
and median OS, 16.59 vs. 10.84 months; p = 0.268).

DISCUSSION

In this pooled analysis of two phase Ib trials, anlotinib
plus TQB2450 demonstrated promising clinical activity
in pretreated advanced BTCs, with an ORR of 21.21%
(14/66), median PFS of 6.24 months, and median OS of
15.77 months. These results seemed to be superior to
those of chemotherapy or TKIs or ICIs as monotherapy

F IGURE 4 Progression‐free survival (A) and overall survival (B) in patients with TMB ≥ 5 and TMB < 5 mutations/Mbp. CI, confidence
interval; HR, hazard ratio; TMB, tumor mutational burden.
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in the second‐line treatment of advanced BTCs.
Although limited, the ABC‐06 study proved the benefits
of FOLFOX in the second‐line treatment of BTCs.[4]

There is no consensus regarding the optimal chemo-
therapy regimen worldwide.[11] In a systematic review of
second‐line chemotherapies, which included 761
patients and 25 trials, mean PFS, OS, and ORR were
merely 3.2 months, 7.2 months, and 7.7%,
respectively.[28] Monotherapy with antiangiogenic TKIs,
including regorafenib and apatinib, also yielded minimal
efficacy in pretreated advanced BTCs, with median OS
of 5.3 and 4.81 months,[29,30] respectively. As for ICI
monotherapy, existing findings on second‐line use of
programmed cell death protein 1 (PD‐1)/PD‐L1 inhib-
itors in BTCs are controversial, with a discrepancy in
median OS ranging from 5.2 to 14.24 months.[12,31]

The combination of angiogenic inhibitors and ICIs
has demonstrated certain antitumor effects in patients
with advanced BTCs in several single‐arm clinical
studies. With the results of this study, anlotinib
combined with TQB2450 seemed to be a promising
regimen for patients with pretreated BTCs. Lenvatinib
plus pembrolizumab (a PD‐1 inhibitor) achieved an
ORR of 10% and a median PFS of 6.1 months with a
median OS of only 8.6 months in the second‐line
treatment of advanced BTCs.[18] Meanwhile, the combi-
nation of regorafenib and avelumab, a PD‐L1 inhibitor,
yielded a median PFS of only 2.5 months, with an ORR
of 13.8% and a median OS of 11.9 months, whereas a
median PFS of only 2.5 months was documented.[19]

Our results provided further insights into the ICI‐
combination strategy in second‐line treatment of
advanced BTCs. So far, emerging evidence supports
the potential of ICI‐combined therapy as initial treat-
ments in several solid tumors, as well as in advanced

BTCs. In addition to the combination of durvalumab and
chemotherapy proved in the TOPAZ‐1 study,[13] chemo-
therapy plus durvalumab with or without tremelimumab
exhibited encouraging efficacy in a phase 2 trial.[32]

A systematic review[33] revealed that combining TKIs
and ICIs could result in the increase of treatment‐related
toxicity, with an overall incidence of around 60% for
severe TRAEs. However, the combination of anlotinib
and TQB2450 in this study exhibited a favorable safety
profile, which was consistent with findings in previous
studies of anlotinib plus other ICIs.[34,35] In the present
study, the incidence of TRAEs with grade 3 or higher
was 25.76% with no unexpected safety concerns. For
lenvatinib plus pembrolizumab, the incidence of grade 3
or higher TRAEs was 48%.[18] Additionally, dosage
modification or interruption of any treatment because of
AEs occurred in 22 (33.33%) patients in this study,
whereas it was 85.3% of regorafenib plus avelumab.[19]

Taking into consideration the favorable safety profile
and the numerically higher ORR and better survival,
TQB2450 combined with anlotinib at 12 mg was
recommended as the dosage for further assessment
in a phase 3 clinical study.

The correlation between PD‐L1 expression and
efficacy was analyzed based on archived samples,
and a similar median PFS was observed in patients with
CPS ≥ 5 and CPS < 5 (6.80 vs. 6.24 months),
indicating that the efficacy of anlotinib and TQB2450
might be independent of PD‐L1 expression. However,
these findings need to be validated, preferably with new
biopsy specimens, at the time of enrollment in larger‐
scale studies.

The present study assessed the value of genomic
mutation signature and TMB in predicting the response
to anlotinib plus TQB2450. In this study, patients with

F IGURE 5 Progression‐free survival (A) and overall survival (B) of patients with KRAS mutations and patients without KRAS mutations.
KRAS, kirsten rat sarcoma viral oncogene homolog; MT, mutant type; WT, wild type.
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higher TMB (≥5 mutations/Mbp) achieved a better
CBR and longer PFS and OS. Mutations of specific
tumor genes may impact the sensitivity to ICI therapy. In
this study, eight patients bearing KRAS mutations
exhibited significantly lower CBR (12.5% vs. 58.8%,
p = 0.045) and shorter median PFS (2.02 vs.
6.80 months, p < 0.001) and OS (10.53 vs.
13.13 months, p = 0.038) compared with wild‐type
counterparts. This finding indicated that KRAS mutation
might be a negative predictor of response to ICI
treatment response in BTCs. Yoon et al. also reported
that KRAS mutation was associated with resistance to
immunotherapy in BTCs.[36] However, the role of KRAS
mutation in ICI therapy remains elusive. Treatment with
PD‐1 inhibitors revealed significantly better clinical
benefits in patients with NSCLC harboring both KRAS
and TP53 mutations versus wild‐type cases.[37,38]

Further investigation would be warranted to confirm
the impact of KRAS mutation on ICI treatment.

In addition, this study provided interesting informa-
tion on the correlation of several other gene mutations
and ICI treatment. ARID1B and ARID1A, the subunits of
the SWI/SNF chromatin remodeling complex that is
pivotal for maintaining genomic stability,[39] were found
to have a high mutation rate in this population. Patients
with ARID1B mutations had longer PFS and OS, which
was consistent with findings by Zhu et al.[40] In contrast,
patients harboring ARID1A mutations seemed to have
poorer survival, which is inconclusive because of the
small sample size (n = 4). In addition, available data
revealed that the role of ARID1A in predicting the
efficacy of ICI therapy remains controversial.[41,42] In this
study, patients with mutated FGF pathway had numeri-
cally longer survival than those with unaltered pathway.
Aberrant FGF signaling pathway was reported to be
associated with indolent behavior and favorable prog-
nosis in patients with BTCs.[43,44] Meanwhile, better
survival in patients with altered FGF pathway was found
but without a significant correlation, which might be
attributed to the small sample size. Considering the
small number of patients, the exact roles of ARID1A,
ARID1B, and FGF pathway in the prediction of ICI
therapy in BTCs deserve further investigation.

The limitations of the present study should be pointed
out. Firstly, this was a pooled analysis of two single‐arm
trials with relatively small sample sizes, and all the results
were preliminary, which deserves further investigation.
Secondly, tumor specimens were only available in a
proportion of patients leading to insufficient detection of
PD‐L1 expression and NGS analysis. Finally, the
archival samples for biomarker analysis were all
collected at the initial diagnosis or surgery, which may
impact the accurate interpretation of these results.

In conclusion, the pooled results of two single‐center,
phase Ib clinical trials showed that anlotinib combined
with a PD‐L1 monoclonal antibody (TQB2450) demon-
strated promising antitumor activity and survival benefit,

with favorable tolerability in patients with pretreated
advanced BTCs. KRAS mutations and TMB ≥ 5
mutations/Mbp could serve as potential predictive
factors of treatment efficacy. A randomized, parallel‐
controlled, multicenter phase III study of TQB2450
combined with anlotinib versus chemotherapy as
second‐line treatment in patients with advanced BTCs
is ongoing (identifier: NCT04809142).

AUTHOR CONTRIBUTION
Aiping Zhou and Lin Shen were responsible for the
experimental design. Jun Zhou, Yongkun Sun, Wen
Zhang, Jiajia Yuan, Zhi Peng, Jifang Gong, Lin Yang,
Yanshuo Cao, and Hong Zhao were members of the
trial management group and were responsible for
clinical trial execution. Jun Zhou, Yongkun Sun, and
Wei Wang were responsible for writing the original draft.
Chao Chen and Weifeng Wang contributed to data
analysis. Aiping Zhou, Lin Shen, Jun Zhou, and
Yongkun Sun critically revised the manuscript for
important intellectual content. All the authors have read
and agreed to the published version of the manuscript.

FUNDING INFORMATION
The TQB2450‐Ib‐05 (NCT03825705) and TQB2450‐Ib‐
08 (NCT03996408) trials were sponsored by Chia Tai
Tianqing Pharmaceutical Group Co., Ltd.

CONFLICT OF INTEREST
L.S. reports receiving research funding from Beijing
Xiantong Biomedical Technology, Qilu Pharmaceutical,
ZaiLab Pharmaceutical (Shanghai), Beihai Kangcheng
(Beijing) Medical Technology, and Jacobio Pharmaceut-
icals; receiving personal payments for an advisory role
from Boehringer Ingelheim, Haichuang Pharmaceutical,
Herbour Biomed, Merck, Merck Sharp & Dohme, and
Mingji Biopharmaceutical; receiving speakers’ fees from
CStone Pharmaceuticals, Hutchison Whampoa, Hen-
grui, and ZaiLab; and participating in a Data Safety
Monitoring Board or Advisory Board for Bristol Myers
Squibb, CStone Pharmaceuticals, Rongchang Pharma-
ceutical, and ZaiLab, outside the submitted work. C.C. is
a paid employee of Chia Tai Tianqing Pharmaceutical.
W.W. is a paid employee of OrigiMed. The other authors
declared no conflict of interest.

ORCID
Aiping Zhou https://orcid.org/0000–0002–6617–6653

REFERENCES
1. Valle JW, Borbath I, Khan SA, Huguet F, Gruenberger T, Arnold

D, et al. Biliary cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow‐up. Ann Oncol. 2016;27:v28–37.

2. Bhargava PG, Kumar A, Simha V, Shah M, Patkar S, Goel M,
et al. Presentation and outcomes with first‐line chemotherapy in
advanced cholangiocarcinomas‐a relatively rare component of
biliary tract cancers in India. South Asian J Cancer. 2020;9:
209–12.

74 | PHASE IB STUDY OF ANLOTINIB COMBINED WITH TQB2450

https://orcid.org/0000-0002-6617-6653
https://orcid.org/0000-0002-6617-6653
https://orcid.org/0000-0002-6617-6653


3. Cheon J, Lee CK, Sang YB, Choi HJ, Kim MH, Ji JH, et al. Real‐
world efficacy and safety of nab‐paclitaxel plus gemcitabine‐
cisplatin in patients with advanced biliary tract cancers: a
multicenter retrospective analysis. Ther Adv Med Oncol. 2021;
13:17588359211035983.

4. Lamarca A, Palmer DH, Wasan HS, Ross PJ, Ma YT, Arora A,
et al. Second‐line FOLFOX chemotherapy versus active symp-
tom control for advanced biliary tract cancer (ABC‐06): a phase
3, open‐label, randomised, controlled trial. Lancet Oncol. 2021;
22:690–701.

5. Yoo C, Kim KP, Jeong JH, Kim I, Kang MJ, Cheon J, et al.
Liposomal irinotecan plus fluorouracil and leucovorin versus
fluorouracil and leucovorin for metastatic biliary tract cancer after
progression on gemcitabine plus cisplatin (NIFTY): a multicentre,
open‐label, randomised, phase 2b study. Lancet Oncol. 2021;22:
1560–72.

6. Abou‐Alfa GK, Sahai V, Hollebecque A, Vaccaro GM, Melisi D,
Al‐Rajabi RMT, et al. Pemigatinib for previously treated locally
advanced/metastatic cholangiocarcinoma (CCA): update of
FIGHT‐202. J Clin Oncol. 2021;39:4086.

7. Zhu AX, Macarulla T, Javle MM, Kelley RK, Lubner SJ, Adeva J,
et al. Final overall survival efficacy results of ivosidenib for
patients with advanced cholangiocarcinoma with IDH1 mutation:
the phase 3 randomized clinical ClarIDHy trial. JAMA Oncol.
2021;7:1669–77.

8. Subbiah V, Lassen U, Élez E, Italiano A, Curigliano G, Javle M,
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:
1234–43.

9. Javle M, Borad MJ, Azad NS, Kurzrock R, Abou‐Alfa GK, George
B, 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;22:1290–300.

10. Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus‐
Acosta A, Delord JP, et al. Efficacy of pembrolizumab in patients
with noncolorectal high microsatellite instability/mismatch repair‐
deficient cancer: results from the phase II KEYNOTE‐158 study.
J Clin Oncol. 2020;38:1–10.

11. Xie C, McGrath NA, Monge Bonilla C, Fu J. Systemic treatment
options for advanced biliary tract carcinoma. J Gastroenterol.
2020;55:944–57.

12. Kim RD, Chung V, Alese OB, El‐Rayes BF, Li D, Al‐Toubah TE,
et al. A phase 2 multi‐institutional study of nivolumab for patients
with advanced refractory biliary tract cancer. JAMA Oncol. 2020;
6:888–94.

13. Oh DY, He AR, Qin S, Chen LT, Okusaka T, Vogel A, 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.

14. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al.
Atezolizumab plus bevacizumab in unresectable hepatocellular
carcinoma. N Engl J Med. 2020;382:1894–905.

15. Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT,
et al. Avelumab plus axitinib versus sunitinib for advanced renal‐
cell carcinoma. N Engl J Med. 2019;380:1103–5.

16. Chu T, Zhong R, Zhong H, Zhang BO, Zhang W, Shi C, et al.
Phase 1b study of sintilimab plus anlotinib as first‐line therapy in
patients with advanced NSCLC. J Thorac Oncol. 2021;16:
643–52.

17. Lin J, Yang XU, Long J, Zhao S, Mao J, Wang D, et al.
Pembrolizumab combined with lenvatinib as non‐first‐line ther-
apy in patients with refractory biliary tract carcinoma. Hepato-
biliary Surg Nutr. 2020;9:414–24.

18. Villanueva L, Lwin Z, Chung HCC, Gomez‐Roca CA, Longo F,
Yanez E, et al. Lenvatinib plus pembrolizumab for patients with

previously treated biliary tract cancers in the multicohort phase 2
LEAP‐005 study. J Clin Oncol. 2021;39:4080.

19. Cousin S, Bellera CA, Guégan JP, Mazard T, Gomez‐Roca CA,
Metges JP, et al. Regomune: a phase II study of regorafenib +
avelumab in solid tumors—results of the biliary tract cancer
(BTC) cohort. J Clin Oncol. 2021;39:4096.

20. Sun Y, Zhou A, Zhang W, Jiang Z, Chen BO, Zhao J, et al.
Anlotinib in the treatment of advanced hepatocellular carcinoma:
an open‐label phase II study (ALTER‐0802 study). Hepatol Int.
2021;15:621–9.

21. Song F, Hu BO, Cheng JW, Sun YF, Zhou KQ, Wang PX, et al.
Anlotinib suppresses tumor progression via blocking the
VEGFR2/PI3K/AKT cascade in intrahepatic cholangiocarci-
noma. Cell Death Dis. 2020;11:573.

22. Zhang A, Liu B, Xu D, Sun Y. Advanced intrahepatic
cholangiocarcinoma treated using anlotinib and microwave
ablation: a case report. Medicine (Baltimore). 2019;98:e18435.

23. Shi Y, Chen J, Chen H, Hong X. Sarcomatoid carcinoma of the
gallbladder: a case report. J Int Med Res. 2020;48:
300060520935283.

24. Azam F, Latif MF, Farooq A, Tirmazy SH, AlShahrani S, Bashir
S, et al. Performance status assessment by using ECOG
(Eastern Cooperative Oncology Group) score for cancer patients
by oncology healthcare professionals. Case Rep Oncol. 2019;
12:728–36.

25. Schwartz LH, Litière S, de Vries E, Ford R, Gwyther S,
Mandrekar S, et al. RECIST 1.1‐update and clarification: from
the RECIST committee. Eur J Cancer. 2016;62:132–7.

26. Cao J, Chen L, Li H, Chen H, Yao J, Mu S, et al. An accurate and
comprehensive clinical sequencing assay for cancer targeted
and immunotherapies. Oncologist. 2019;24:e1294–302.

27. Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis R,
et al. Analysis of 100,000 human cancer genomes reveals the
landscape of tumor mutational burden. Genome Med. 2017;
9:34.

28. Lamarca A, Hubner RA, David Ryder W, Valle JW. Second‐line
chemotherapy in advanced biliary cancer: a systematic review.
Ann Oncol. 2014;25:2328–38.

29. Demols A, Borbath I, Van den Eynde M, Houbiers G, Peeters M,
Marechal R, et al. Regorafenib after failure of gemcitabine and
platinum‐based chemotherapy for locally advanced/metastatic
biliary tumors: REACHIN, a randomized, double‐blind, phase II
trial. Ann Oncol. 2020;31:1169–77.

30. Wang C, Huang M, Geng Q, Li W, Chang J, Tang W, et al.
Apatinib for patients with metastatic biliary tract carcinoma
refractory to standard chemotherapy: results from an investi-
gator‐initiated, open‐label, single‐arm, exploratory phase II study.
Ther Adv Med Oncol. 2021;13:17588359211039047.

31. Ueno M, Ikeda M, Morizane C, Kobayashi S, Ohno I, Kondo S,
et al. Nivolumab alone or in combination with cisplatin plus
gemcitabine in Japanese patients with unresectable or
recurrent biliary tract cancer: a non‐randomised, multicentre,
open‐label, phase 1 study. Lancet Gastroenterol Hepatol.
2019;4:611–21.

32. Oh DY, Lee KH, Lee DW, Yoon J, Kim TY, Bang JH, et al.
Gemcitabine and cisplatin plus durvalumab with or without
tremelimumab in chemotherapy‐naive patients with advanced
biliary tract cancer: an open‐label, single‐centre, phase 2 study.
Lancet Gastroenterol Hepatol. 2022;7:522–32.

33. Gao L, Yang X, Yi C, Zhu H. Adverse events of concurrent
immune checkpoint inhibitors and antiangiogenic agents: a
systematic review. Front Pharmacol. 2019;10:1173.

34. Wei W, Ban X, Yang F, Huang Y, Li J, Qiu YA, et al. Anlotinib
plus sintilimab in patients with recurrent advanced endometrial
cancer: a prospective open‐label, single‐arm, phase II clinical
trial. J Clin Oncol. 2021;39:5583.

35. Han C, Ye S, Hu C, Shen L, Qin Q, Bai Y, et al. Clinical activity
and safety of penpulimab (Anti‐PD‐1) with anlotinib as first‐line

HEPATOLOGY | 75



therapy for unresectable hepatocellular carcinoma: an open‐
label, multicenter, phase Ib/II trial (AK105‐203). Front Oncol.
2021;11:684867.

36. Yoon JG, Kim MH, Jang MI, Kim H, Hwang HK, Kang CM, et al.
Molecular characterization of biliary tract cancer predicts
chemotherapy and programmed death 1/programmed death‐
ligand 1 blockade responses. Hepatology. 2021;74:
1914–31.

37. Liu C, Zheng S, Jin R, Wang X, Wang F, Zang R, et al. The
superior efficacy of anti‐PD‐1/PD‐L1 immunotherapy in KRAS‐
mutant non‐small cell lung cancer that correlates with an
inflammatory phenotype and increased immunogenicity. Cancer
Lett. 2020;470:95–105.

38. Dong ZY, Zhong WZ, Zhang XC, Su J, Xie Z, Liu SY, et al.
Potential predictive value of TP53 and KRAS mutation status for
response to PD‐1 blockade immunotherapy in lung adenocarci-
noma. Clin Cancer Res. 2017;23:3012–24.

39. Ribeiro‐Silva C, Vermeulen W, Lans H. SWI/SNF: Complex
complexes in genome stability and cancer. DNA Repair (Amst).
2019;77:87–95.

40. Zhu Y, Yan C, Wang X, Xu Z, Lv J, Xu X, et al. Pan‐cancer
analysis of ARID family members as novel biomarkers for
immune checkpoint inhibitor therapy. Cancer Biol Ther. 2022;23:
104–1.

41. Sun D, Tian LU, Zhu Y, Wo Y, Liu Q, Liu S, et al. Subunits of
ARID1 serve as novel biomarkers for the sensitivity to immune
checkpoint inhibitors and prognosis of advanced non‐small cell
lung cancer. Mol Med. 2020;26:78.

42. Li J, WangW, Zhang Y, Cieślik M, Guo J, Tan M, et al. Epigenetic
driver mutations in ARID1A shape cancer immune phenotype
and immunotherapy. J Clin Invest. 2020;130:2712–6.

43. Churi CR, Shroff R, Wang Y, Rashid A, Kang HC, Weatherly J,
et al. Mutation profiling in cholangiocarcinoma: prognostic and
therapeutic implications. PLoS One. 2014;9:e115383.

44. Graham RP, Barr Fritcher EG, Pestova E, Schulz J, Sitailo LA,
Vasmatzis G, et al. Fibroblast growth factor receptor 2 trans-
locations in intrahepatic cholangiocarcinoma. Hum Pathol. 2014;
45:1630–8.

How to cite this article: Zhou J, Sun Y, Zhang
W, Yuan J, Peng Z, Wang W, et al. Phase Ib
study of anlotinib combined with TQB2450 in
pretreated advanced biliary tract cancer and
biomarker analysis. Hepatology. 2023;77:65–76.
https://doi.org/10.1002/hep.32548

76 | PHASE IB STUDY OF ANLOTINIB COMBINED WITH TQB2450

http://

