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Simple Summary: Systemic therapies for advanced biliarty tract cancers (BTC) are limited. The com-
bination of gemcitabine with cisplatin (GC) has been the standard first-line treatment for advanced
BTC from 2010 until now. In order to improve therapeutic effect, especially response rate, we added
a novel schedule and dosage of bevacizumab to standard GC regimen. In our real world date, we
found this regimen could increase the overall response rate to 50.0%, and side effects were managable.
For patients with advanced BTC, especially whose tumors need rapid response to treatment, our

regimen can provide an alternative choice.

Abstract: Background: Biliary tract cancer (BTC) is a heterogenous collection of biliary tract cancer
at different primary sites, and the prognosis of advanced BTC is dismal. Systemic chemotherapy
with gemcitabine and cisplatin (GC) has been the reference regimen since 2010. How to improve
therapeutic effects of GC regimen is an urgent mission at present. Methods: Bevacizumab with a
reduced dosage and modified schedule (10 mg/Kg/triweekly, 1 day before GS at the first 2 cycles)
was combined with standard GC for patients with advanced BTC. Tumor response was assessed using
Response Evaluation Criteria in Solid Tumors version 1.1 every 2 months. Kaplan-Meier curves were
estimated for time-to-treatment failure (TTF), progression-free survival (PFS) and overall survival
(OS). Result: A total of thirty cases of advanced BTC accepted this treatment, and the overall response
rate (ORR) was 50.0%, and the disease control rate was 80.0% for all patients. The median TTF was
5.8 months, the median PFS was 8.4 months, and the median OS was 13.6 months. Most responses
were noted at the first evaluation. Adverse effects (AEs) were mostly tolerable. Conclusions: After
modifying the schedule, adding bevacizumab to a traditional GC regimen could increase the ORR
with a shorter time-to-response, a better PFS and OS than GC alone but without the addition of AE.
This regimen can be applied to patients with advanced BTC, especially those who are with a big
tumor burden and who need a rapid response.

Keywords: advanced biliary tract cancer; bevacizumab; vascular normalization; gemcitabine;
response rate

Cancers 2021, 13, 3831. https:/ /doi.org/10.3390/cancers13153831

https:/ /www.mdpi.com/journal /cancers


https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-7497-4444
https://orcid.org/0000-0002-1209-3043
https://doi.org/10.3390/cancers13153831
https://doi.org/10.3390/cancers13153831
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers13153831
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers13153831?type=check_update&version=2

Cancers 2021, 13, 3831

20f13

1. Introduction

Biliary tract cancer (BTC) represents a collection of disease entities that comprise a
heterogeneous group of adenocarcinomas including gallbladder cancer (GBC), cholangio-
carcinoma of intrahepatic bile ducts iCCA) and extrahepatic bile ducts (eCCA), perihilar
(pCCA), and the ampulla of Vater (AVC) [1]. BTC accounts for approximately 3% of all
adult gastrointestinal malignancies, representing the secondary most common hepatobil-
iary cancer following hepatocellular carcinoma (HCC) [2], and its incidence is increasing [3].
Another rare type of primary liver cancer is a mixture of HCC and iCCA, which has the
worst overall survival (OS) [4]. Compared to Western countries, the incidence of BTC in
Asia is extremely high and can be up to 71.3 per 100,000 in certain parts of Asia [5].

Each subtype of BTC implies a distinct epidemiology, clinical symptoms, molecular
biology, prognosis, strategy for clinical management, and risk factors. These factors
include fluke, primary sclerosing cholangitis, liver cirrhosis (LC), hepatitis C infection
(HCV), hepatitis B infection (HBV), metabolic syndrome, and diabetes [6]. A history of
cholecystolithiasis is the strongest risk factor for GBC [7]. A meta-analysis of several
studies on the risk factors for iCCA showed the following associations: LC had a combined
odds ratio (OR) of 22.92 (95% CI 18.24-28.79), HCV of 4.84 (2.41-9.71), and HBV of 5.10
(2.91-8.95) [8].

Complete surgical resection is the mainstay cure in early stages of BTC, but unfor-
tunately, only 10 to 40% of patients are diagnosed with resectable disease [9]. Curative
surgical resection with negative tumor margins can be achieved in less than 30% of pa-
tients [10]. The majority of patients with BTC present with unresectable disease and show
either locally advanced or distant metastasis. Patients who undergo potentially curative
surgery still experience a high rate of relapse [11]. Survival rates of five years are less
than 5-10% for advanced BTC, and the median OS of patients with advanced disease is
frequently less than one year [6].

From two parallel trials, the Advanced biliary tract cancer (ABC)-02 study (Clini-
calTrials.gov number: NCT00262769) [12] and the biliary tract (BT) 22 study (ClinicalTri-
als.gov number NCT00380588) [13], compared doublet-chemotherapy (GC, gemcitabine
1000 mg/m? and cisplatin 25 mg/m? each on days 1 and 8 of a 21-day regimen) versus
gemcitabine monotherapy (Gem, gemcitabine 1000 mg/m? on days 1, 8 and 15 of a 28-day
regimen). A meta-analysis of ABC-02 and BT 22 found that GC demonstrates a signifi-
cant improvement in the progression free survival (PFS) (median PFS 8.8 vs. 6.7 months;
hazard ratio (HR) = 0.64, 95% confidence interval (CI) 0.53-0.76, p < 0.001) and overall
survival (OS, ABC-02 11.7 vs. 8.1 months; BT-22 11.2 vs. 7.7 months; HR = 0.65, 95% CI
0.54-0.78, p < 0.001) over the Gem. Response rate (RR), which ranged from 19.1%(BT-22)
to 26.1%(ABC-02). The disease control rate (DCR) ranged from 68.3% (BT-22) to 81.4%
(ABC-02). GC resulted in improved RR, PFS, and OS for advanced BTC, including iCCA,
eCCA, and GBC, thus setting a reference regimen for patients with advanced BTC [14].

After these studies, there were several new regimens that combined either target
therapies or immunotherapies to GC. The vascular endothelial growth factor (VEGF) is ex-
pressed in approximately 50% of iCCA [15]. Bevacizumab, an anti-VEGF antibody, exhibits
an ability to normalize peritumoral vessels in preclinical metastatic models, leading to an
enhanced delivery of cytotoxic agents to the tumor [16]. The combination of bevacizumab
with chemotherapeutic agents has proven effective for treating breast, lung, and colon
cancers. As the first line therapy for advanced BTC, a combination of bevacizumab with
chemotherapy also showed promising results with an overall response rate (ORR) of 40%
and a median OS of 12.7 months [17].

In an in vivo xenograft study, the administration of bevacizumab 1-3 days before
chemotherapy in tumor-bearing mice resulted in a higher intratumoral chemotherapy
penetration and tumor-growth inhibition compared to the concomitant administration of
the two drugs [18]. A phase II study using bevacizumab combined with etoposide and
cisplatin for patients with brain metastases caused by breast cancer, bevacizumab was
given 1 day before chemotherapy during the first two treatment cycles. A total of twenty-
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seven patients (77.1%) achieved an ORR for intracranial tumors. The median PFS and OS
were 7.3 months (95% CI, 6.5-8.1) and 10.5 months (95% CI, 7.8-13.2), respectively [19].

In order to enhance the response rate, we added bevacizumab to a standard GC
regimen for advanced BTC. During the first two cycles, bevacizumab was given 1 day
before chemotherapy. In this retrospective study, we collected and analyzed the therapeutic
effects in our real-world practice.

2. Materials and Methods
2.1. Study Population

Clinical data of patients who received bevacizumab, gemcitabine, and cisplatin (A-GC)
between Aug. 2018 and Mar. 2021 at the E-Da Cancer Hospital were retrospectively
collected and reviewed. The study design was approved by Institutional Review Board
(EMRP-110-063) of E-Da Cancer Hospital.

Inclusion criteria were pathologically confirmed BTC that was either recurrent after
operation, de novo locally advanced, or de novo stage IV. Patients had to be treated with
at least 1 cycle of an A-GC regimen. Chart review and data collection included medical
history, tumor characteristics, clinical parameters (e.g., primary site, site of metastases),
blood test (complete blood cell count, biochemistry and tumor markers), treatment events
(e.g., number of therapeutic cycles, start/end dates, and rationale for discontinuation),
clinical response, use of supportive care medications (e.g., granulocytic colony stimulating
factor), dose adjustments, and adverse events. The reported results were based on the
effectiveness analysis of the data collected by June 2021.

2.2. Treatment

Patients received bevacizumab (10 mg/kg; day 1), gemcitabine (1000 mg/m?/day;
days 2, 8), and cisplatin (25 mg/m?; day 2, 8). Treatment was based on a 21-day cycle.
After 2 cycles, gemcitabine and cisplatin were changed to days 1 and 8. However, it
was discontinued if a patient exhibited disease progression, showed intolerable toxicities,
or died.

2.3. Outcome Measures

The primary outcome measure was ORR, which was defined as the proportion of
patients who achieved a complete response (CR), a partial response (PR), and DCR, which
was defined as the proportion of patients who achieved CR, PR, and stable disease (SD) as
the best response. Tumor response was assessed using the Response Evaluation Criteria
in Solid Tumors version 1.1, with computed tomography scans or magnetic resonance
imaging at baseline and every 2 months. Bone scans and chest X-rays were used as
adjuvant evaluation tools. Thus, the percentages of patients with advanced BTC who
achieved CR, PR, and SD during A-GC treatment were recorded. The safety of the A-GC
was evaluated by the number of patients with adverse events (AEs) and the severity of the
AEs, which were assessed using the Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0. This included all events that were not present before the initial
administration of A-GC, pre-existing events that became more intense or more frequent,
and events that were present upon initial A-GC administration but became more severe
following administration.

2.4. Statistical Analysis

The characteristics of the patients and tumors, the treatment duration, the tumor
response, and other categorical variables were summarized as number and percentage and
age as median (range). The time to treatment failure (TTF) was defined as the period from
the first dose of A-GC to cancellation for any reason including death, disease worsening,
treatment toxicity, patient request, or was censored at the date of the last follow-up for
surviving patients remaining on treatment. PFS was defined as the time from treatment
initiation to either progression or death.



Cancers 2021, 13, 3831

40f13

The overall survival time was defined as the period from the first dose of A-GC to
the date of patient death, loss of follow-up, or the date of the last follow-up for surviving
patients. Time-to-event endpoints were summarized using the Kaplan—-Meier method.

3. Results
3.1. Patient Characteristics

From August 2018 to March 2021, there were a total 30 patients who had been di-
agnosed with advanced BTC who received this regimen. A summary of the patient
characteristics is shown in Table 1.

Table 1. Clinical characteristics of patients at baseline.

Characteristics N (%)
Age at treatment (median) 58 years old (39-70)
Sex
Male 17 (56.7)
Female 13 (43.3)
ECOG performance status
0 4 (13.3)
1 20 (66.7)
2 6 (20)
Primary site
Intrahepatic 28 (93.3)
Ampulla of Vater 2 (6.7)
Initial stage
I 2 (6.7)
II 3 (10.0)
1II 6 (20.0)
v 19 (63.3)
Combined liver disease
HBV 10 (33.3)
HCV 2 (6.7)
HBV + HCV 1(3.3)
Alcohol 2 (6.7)
None 15 (50.0)
Liver cirrhosis
Yes 2(6.7)
No 28 (93.3)
Curative operation before
Yes 8 (26.7)
No 22 (73.3)
Adjuvant chemotherapy for curatively operated cases
Yes 4(13.3)
No 4(13.3)
Disease status at treatment
Locally advanced only 3(10.0)
With distant metastasis
Liver 15 (50.0)
Regional LN 12 (40.0)
Distant LN 9 (30.0)
Bone 3 (10.0)
Peritoneum 1(3.3)
Lung 7 (23.3)
Others 1(3.3)

ECOG: Eastern Cooperative Oncology Group, HBV: hepatitis B virus, HCV: hepatitis C virus, LN: lymph node.
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The median age at treatment was 58.0-year-old. Most patients had good performance
status at the time of treatment. Intrahepatic cholangiocarcinoma was predominant. Because
Taiwan is an epidemiologic area of hepatitis, there were 13 (43.3%) cases involving hepatitis.
Only eight (26.7%) cases had accepted a curative operation before, and most patients were
diagnosed at locally advanced or distant metastasis stages (25, 83.3%). Liver and lymph
nodes (LNs) were the most common sites of metastasis.

Although the liver was the most common site of metastasis, the liver functions in
most of the cases were still within normal limits, as presented in Table 2. Compared to the
carcinoembryonic antigen (CEA), more cases had the abnormal carbohydrate antigen 19-9
(CA199).

Table 2. Biologic characteristics at baseline.

Biologic Characteristics Median (Range)
Albumin, g/L 3.9 (2.6-4.7)
AST, UI/L 30 (17-94)
ALT, UI/L 21 (8-87)
Total bilirubin mg/dl 0.82 (0.26—4.04)
Alkaline phosphatases, UI/L 350 (65-1878)
CEA 3.79 (0.75-5170)
CA 199 78.41 (2-150960)
N/L ratio 4.2 (0.9-14.7)

AST: Aspartate transaminase, ALT: alanine aminotransferase, CEA: carcinoembryonic antigen, CA19-9: carbohy-
drate antigen 19-9, N/L: ratio neutrophil to lymphocyte ratio.

3.2. Treatment Efficacy

The ORR was 50.0%, and the DCR was 80.0% for all patients. No patient achieved CR
(Table 3). The response evaluation of two ampulla of Vater patients was one PR and one SD.
The median TTF was 5.8 months (Figure 1A), the median PFS was 8.4 months (Figure 1B),
and the median OS was 13.6 months (Figure 1C).

3.3. Safety

Adverse effects were collected from chart review (Table 4). In general, this regimen
did not have severe bone morrow suppression. About 25% cases experienced either
neutropenia or thrombocytopenia, but none of them needed the granulocyte stimulating
factor. Because bevacizumab is not reimbursed by health system here, patients had to
pay for this treatment themselves, and several cases chose to stop this regimen after good
control of their tumors was achieved. The median of the A-GC cycles was 6. The most
common reason for discontinuation was PD followed by AE such as thrombocytopenia or
paresthesia and economic problems (Table 5).

After the discontinuation of A-GC, patients with good performance status were able
to accept the secondary treatment which included oxaliplatin (mFOLFOX6), irinotecan
(FOLFIRIL), S-1, and other drugs (Table 6).

Table 3. Best therapeutic response.

Best Response Evaluated N (%)
Partial response 15 (50.0)
Stable disease 9 (30.0)
Progressive disease 4 (13.3)

Not evaluable 2 (6.7)
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Table 4. Most severe toxicities from treatment.

Toxicities N (%)
Neutropenia
Gr1l,2 17 (56.7)
Gr3, 4 7(23.3)
Anemia
Gr1l,2 23 (76.7)
Gr3, 4 3 (10.0)
Thrombocytopenia
Gr1l,2 13 (43.3)
Gr3, 4 8(26.7)
Hepatobiliary disorder
Gr1l,2 13 (43.3)
Gr3, 4 3 (10.0)
Peripheral neuropathy
Gr1l,2 10 (33.3)
Gr3, 4 2(6.7)
Hypertension
Gr1l,2 15 (50.0)
Gr3, 4 0
Constipation
Gr1l,2 9 (30.0)
Gr3, 4 5(16.7)
Skin rash
Gr1l,2 7(23.3)
Gr3, 4 1(3.3)
Alopecia
Gro,1 10 (33.3)
Gr2 0
ausea
Gr1l,2 15 (50.0)
Gr3, 4 2(6.7)
Vomiting
Gr1l,2 10 (33.3)
Gr3, 4 1(3.3)

Gr: grade.

Table 5. Reasons for discontinuation.

Reason N (%)
PD 11 (36.7)
AE 6 (20.0)

Economic 3 (10.0)

Others 5(16.7)

PD: progressive disease, AE: adverse effect.

Table 6. Second line therapy after disease progression.

Regimen N (%)
FOLFOX 5
FOLFIRI 2
S-1 5
Supportive care 6
Others 7

FOLFOX: oxaliplatin-based regimen, FOLFIRI: irinotecan-based regimen.
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4. Discussion

Although there have been many improvements in the treatment choices and survival
rates of different cancers, BTC remains one of the most dismal tumors with very limited
therapeutic options. Adjuvant therapies for BTC, including chemotherapy, radiotherapy, or
the combination of these two are common, though the benefit of post-operative treatment
is somewhat unclear due to conflicting results of randomized trials. Recently, two meta-
analyses confirmed the benefit of adjuvant chemotherapy and chemoradiotherapy, but for
patients with positive regional LNs or surgical margin, the DFS and OS are still poor [20,21].
After the ABC-02 and BT 22 reports in 2010, GC became the reference regimen of the
first-line systemic treatment of advanced BTC patients until now.

Compared to gemcitabine alone, GC not only improved ORR but also improved PFS
and OS. In order to further improve therapeutic effects, coming GC with target therapy,
immunotherapy, or different chemotherapy regimens have been developed, and several
studies are still ongoing [22].

In our treatment, we added bevacizumab to a standard GC regimen. The dosage and
schedule of bevacizumab were different from regular practices. The first difference was
the dosage of bevacizumab. Bevacizumab has different dosages for different cancers. For
example, in colon cancer, the suggested dosage of bevacizumab is 2.5 mg/Kg/week [23].
In other cancers such as lung, breast, and hepatoma cancers the recommended dosage of
bevacizumab is 5 mg/Kg/week [24]. Because bevacizumab is not reimbursed by National
Health Insurance in Taiwan, patients have to buy this drug by themselves or pay for
it through private insurance if allowed, so we modified the dosage of bevacizumab to
10 mg/Kg/triweekly, which should not be too low to be ineffective, and the price was
acceptable for most patients. Although we decreased the dosage, we still could see the
addictive effect of bevacizumab without more accumulated toxicities.

The second difference was the bevacizumab schedule. From our previous experience
with breast cancer, bevacizumab prescribed one day before chemotherapy could lead to
high RR, which we believed was from the effect of the normalization of tumor vessels [19].
Normalized vessels can have better drug delivery, which leads to a higher concertation of
the treatment drugs in the tumors, which might be able to be translated into higher RR and
a shorter time to response. In our treatment, we gave bevacizumab 1 day before GC during
the first two cycles. Because of the long half-life of bevacizumab, the level of bevacizumab
in the blood should be stable after two treatment cycles [25]. For the convenience, we
combined bevacizumab with GC on day 1from cycle 3 onwards.

Compared to ABC-02 and BT 22, both trials only used chemotherapy, and our A-GC
had a higher ORR (50%) and a similar DCR (80%). Most responses were noted at the
first evaluation. In our treatment, the first response evaluation was at around week 9,
before the start of cycle 4. The first evaluation was at week 12 in ABC-02 and at week
6 in BT-22. Adding bevacizumab to GC, we see not only a better ORR but also a faster
response. For patients who have a big tumor burden or impaired liver function from the
mass effect, shorter time-to-response (TTR) is important. Although our median TTF was
only 5.8 months, some patients stopped treatment due to AEs, economic problems, and
other causes such as traffic problems. All of these conditions would happen in real-world.
The median PFS in our study was 8.4 months, equal to ABC-02 and better than BT-22. Most
importantly, the OS in our study was longer than 1 year, continuing up to 13.6 months.

Until now, there are only a few studies combining bevacizumab with chemotherapy
as the first line of treatment for advanced CCA. For example, Lyer et al. reported a phase
II study combining bevacizumab with gemcitabine and capecitabine for advanced CCA.
The RR was 24%, the CBR was 72%, the median PFS 8.1 months, and the median OS
10.2 months. Adding bevacizumab did not improve outcome in an unselected group of
patients with advanced BTC [26].

Other target therapies, such as erlotinib, cetuximab, panitumumab, sorafenib, cedi-
ranib, and trametinib had been conducted in clinical trials, but none were shown to be
effective for advanced BTC [27].
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Since our GC dose and schedule was the same as those from the reference trials, the
reason why our treatment could have a better ORR not only be from adding bevacizumab
but also from different the schedule during the first two cycles. Although almost all
of our cases were iCCA, no differences in the rate of response between the GBC and
cholangiocarcinoma subgroups were reported in ABC-02 [12].

Different chemotherapy such as oxaliplatin, S-1, and Nab-paclitaxel with doublet com-
binations have been reported as the first line of systemic therapy. Treatment effects were not
superior to GC. Triplet combinations such as oxaliplatin, irinotecan, and S-1; gemcitabine,
cisplatin, and Nab-paclitaxel; or gemcitabine, cisplatin, and S-1 could produce a higher RR
and OS, but the toxicities, especially in the myelosuppression and the gastrointestinal tract,
were higher than those seen in GC [27-29].

Since BTC is a kind of carcinoma, drugs that inhibit the epidermal growth factor
receptor pathways such as erlotinib, cetuximab or panitumumab had also been used in
combination with chemotherapy. None of them provided a survival benefit compared to
GC alone [29], which might indicate the selection of predictive biomarkers [30].

BTC was known to be an immune desert with low tumor mutation burden and
programmed cell death protein 1(PD-L1) expression [31,32]. At present, the clinical data
on immunotherapy in BTC are limited. Trials of monotherapy all focused on a later line,
with limited RR and survival benefits [33,34]. A recently published expert opinion also
suggested that immunotherapy should not be considered as a preferred systemic treatment
in BTC patients with microsatellite stable disease outside of clinical trials. However, they
also pointed out that immunotherapy-based combinations and highlight pivotal studies
will likely influence the future development of relevant concepts in BTC [35]. These trials
include the phase III, double-blind TOPAZ-1 study, which randomly allocates treatment-
naive patients to GC plus durvalumab versus GC in combination with placebo, and the
KEYNOTE-966 study, which is currently evaluating the role of pembrolizumab combined
with GC versus GC plus placebo (Table 7) [36]. In the coming years, the first-line therapies
for advanced BTC should have great improvements.

Table 7. Results of published /ongoing first line treatments for advanced biliary tract cancer.

) Patient Gr3,4 ORR/DCR . .
Regimen Phase Number Neutropenia (%) (%) Median PFS (m) Median OS (m)
Modified Bevacizumab .
plus GC (Rau et al.) Retrospective 30 23.3 50.0/80.0 8.4 13.6
GC (ABC-02) [12] 1 198 25.3 26.1/81.4 8.0 11.7
Bevacizumab plus
gemcitabine and II 50 36 24/72 8.1 10.2
capecitabine [26]
Oxaliplatin, Irinotecan, I 30 3 50/88 6.8 125
and S-1 [28] ’ ’
Anlotinib plus sintilimab . . . .
plus GC [36] 1II 80 Pending Pending Pending Pending
Nab-paclitaxel,
gemcitabine, plus I 60 33 45/84 11.8 19.2
cisplatin [29]
Pembrolizumab plus GC . . . .
(KEYNOTE 966) [36] III 788 Pending Pending Pending Pending
Durvalumab plus GC III 757 Pending Pending Pending Pending

(TOPAZ-1) [36]

GC: gemcitabine plus cisplatin, Gr: grade, ORR: overall response rate, DCR: disease control rate, PFS: progression free survival, OS: overall

survival.



Cancers 2021, 13, 3831

10 of 13

The dilemma of systemic therapies for advanced BTC is not only limited to first
line treatments but is also a more difficult situation at the later lines. Although GC has
created the basis as first line treatment choice, after tumors progress, there are no standard
secondary or later line therapies. Fluoropyrimidine-based combination therapy with either
oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) showed a median PFS of 1.6-3.9 months and
a median OS of 4.4-8.4 months [37,38]. The most recently published results from ABC-06,
which was an open-label, phase III trial comparing 12 cycles of mFOLFOX plus active
symptom control (ASC) with ASC alone in the second line setting, the RR was 5% and
the median PFS was 4.0 months in the ASC plus FOLFOX group. The median OS was
significantly longer in the ASC plus FOLFOX group than in the ASC alone group (6.2 vs.
5.3 months, HR 0.69 p = 0.031) [39].

Through the improvement and prevalence of next generation sequences (NGS), many
driven genes or mutations are being identified, helping to explain the underlying mech-
anism of the pathogenesis of BTC and to develop new therapies. After analysis using
NGS, we know that BTC at different locations are not only clinically heterogeneous but
are also genetically heterogeneous [40]. For example, isocitrate dehydrogenase (IDH)
and FGFR aberrations tend to cluster in iCCA, whereas HER2 (ERBB2) aberrations are
more frequent in eCCA and GBC [41]. Lowery et al. found that genetic alterations with
potential therapeutic implications were identified in 47% of BTC patients, resulting in
biomarker-directed therapy being possible [42]. In clinical trials, targeted therapies against
druggable molecular alterations, such as fibroblast growth factor receptor (FGFR)-2 fusions
and IDH-1 mutations, showed promising results [22,43]. After 10 years of chemotherapy
being the only standard option for patients with advanced BTC, the first FGFR-2 fusion or
rearrangement inhibitor pemigatinib gained regulatory approval for previously treated,
locally advanced or metastatic BTC in April 2020 [44]. The guidelines of the European Soci-
ety for Medical Oncology already recommend the routine use of NGS on tumor samples
in advanced CCA [45]. In the future, molecular profiling studies will better delineate the
genetic landscape of each BTC subtype, highlighting distinct patterns of mutations and
therapies in specific anatomic subtypes.

The limitations of our study result from its retrospective nature and no formal schedule,
especially in regard to the number of cycles. However, to our knowledge, this retrospective
study reported the largest number of advanced BTC patients receiving A-GC in a real-
world setting. Although we found that A-GC can be an effective treatment for advanced
BTC, a confirmation study is still needed prior making a conclusion regarding activity of
the combination. After modifying the schedule, the addition of bevacizumab to GC can
shorten TTR and increase ORR without adding toxicities. Such benefits can be achieved
even with decreased dosage of bevacizumab. For patients who need rapid tumor response
or who are of a limited medical budget, A-GC can be a reasonable choice.

5. Conclusions

Effective treatments for advanced BTC are still lacking, and many patients are diag-
nosed with an extensive disease burden. After modifying of the schedule, the addition of
bevacizumab to GC shortened TTR and increased ORR without adding toxicities. Such
benefits can be achieved even with a decreased dosage of bevacizumab. For patients
who need rapid tumor response or who are of a limited medical budget, A-GC can be a
reasonable and cost-effective choice.

Author Contributions: Data analysis and project design, S.-N.P., C.-K.L. and K.-M.R.; conceptualiza-
tion and study design, C.-H.T., Y.-5.C., Y.-F.T., C.-M.H. and C.-C.C,; data curation, M.-C.H., H.-Y.L.
and W.-C.L.; original draft preparation and writing, S.-N.P. and C.-K.L.; paper correction, K.-M.R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Cancers 2021, 13, 3831 11 of 13

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Institutional Review Board of the E-Da Cancer
Hospital (No. 202100595B0, approval date: 1 March 2021).

Informed Consent Statement: Patient consent was waived due to this study being a retrospective
chart review with no interventional treatments.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available due to regulations of the institution.

Acknowledgments: The authors thank the gastrointestinal cancer working group at the E-Da Cancer
hospital for their great assistance in the review and the examination of the data.

Conflicts of Interest: The authors declare that they have no conflicts of interests.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Rizvi, S.; Gores, G.J. Pathogenesis, diagnosis, and management of cholangiocarcinoma. Gastroenterology 2013, 145, 1215-1229.
[CrossRef] [PubMed]

Forner, A.; Vidili, G.; Rengo, M.; Bujanda, L.; Ponz-Sarvise, M.; Lamarca, A. Clinical presentation, diagnosis and staging of
cholangiocarcinoma. Liver Int. 2019, 39, 98-107. [CrossRef] [PubMed]

Massarweh, N.N.; El-Serag, H.B. Epidemiology of Hepatocellular Carcinoma and Intrahepatic Cholangiocarcinoma. Cancer
Control 2017, 24. [CrossRef] [PubMed]

Lin, CW,; Wy, T.C; Lin, H.Y,; Hung, C.M.; Hsieh, PM.; Yeh, ]. H.; Hsiao, P; Huang, Y.L.; Li, Y.C.; Wang, Y.C; et al. Clinical
features and outcomes of combined hepatocellular carcinoma and cholangiocarcinoma versus hepatocellular carcinoma versus
cholangiocarcinoma after surgical resection: A propensity score matching analysis. BMC Gastroenterol. 2021, 21, 20. [CrossRef]
[PubMed]

Jain, A.; Kwong, L.N,; Javle, M. Genomic Profiling of Biliary Tract Cancers and Implications for Clinical Practice. Curr. Treat.
Options Oncol. 2016, 17, 58. [CrossRef]

Razumilava, N.; Gores, G.J. Cholangiocarcinoma. Lancet 2014, 383, 2168-2179. [CrossRef]

Randi, G.; Franceschi, S.; La Vecchia, C. Gallbladder cancer worldwide: Geographical distribution and risk factors. Int. J. Cancer
2006, 11, 1591-1602. [CrossRef] [PubMed]

Palmer, W.C.; Patel, T. Are common factors involved in the pathogenesis of primary liver cancers? A meta-analysis of risk factors
for intrahepatic cholangiocarcinoma. J. Hepatol. 2012, 57, 69-76. [CrossRef]

Banales, ].M.; Cardinale, V.; Carpino, G.; Marzioni, M.; Andersen, ].B.; Invernizzi, P; Lind, G.E.; Folseraas, T.; Forbes, S.]J.;
Fouassier, L.; et al. Expert consensus document: Cholangiocarcinoma: Current knowledge and future perspectives consensus
statement from the European Network for the Study of Cholangiocarcinoma (ENS-CCA). Nat. Rev. Gastroenterol. Hepatol. 2016,
13, 261-280. [CrossRef]

DeOliveira, M.L.; Cunningham, S.C.; Cameron, J.L.; Kamangar, F.; Winter, ] M.; Lillemoe, K.D.; Choti, M.A.; Yeo, C.J.; Schulick,
R.D. Cholangiocarcinoma: Thirty-one-year experience with 564 patients at a single institution. Ann. Surg. 2007, 245, 755-762.
[CrossRef]

Wang, Y.; Li, ].; Xia, Y.; Gong, R.; Wang, K; Yan, Z.; Wan, X.; Liu, G.; Wu, D.; Shi, L; et al. Prognostic nomogram for intrahepatic
cholangiocarcinoma after partial hepatectomy. J. Clin. Oncol. 2013, 31, 1188-1195. [CrossRef]

Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.; Pereira,
S.P; et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N. Engl. ]. Med. 2010, 362, 1273-1281. [CrossRef]
Okusaka, T.; Nakachi, K.; Fukutomi, A.; Mizuno, N.; Ohkawa, S.; Funakoshi, A.; Nagino, M.; Kondo, S.; Nagaoka, S.; Funai, J.;
et al. Gemcitabine alone or in combination with cisplatin in patients with biliary tract cancer: A comparative multicentre study in
Japan. Br. J. Cancer 2010, 103, 469—474. [CrossRef]

Valle, J.W,; Furuse, J; Jitlal, M.; Beare, S.; Mizuno, N.; Wasan, H.; Bridgewater, J.; Okusaka, T. Cisplatin and gemcitabine for
advanced biliary tract cancer: A meta-analysis of two randomised trials. Ann. Oncol. 2014, 25, 391-398. [CrossRef]

Yoshikawa, D.; Ojima, H.; Iwasaki, M.; Hiraoka, N.; Kosuge, T.; Kasai, S.; Hirohashi, S.; Shibata, T. Clinicopathological and
prognostic significance of EGFR, VEGF, and HER2 expression in cholangiocarcinoma. Br. ]. Cancer 2008, 98, 418-425. [CrossRef]
Eichler, A.F,; Chung, E.; Kodack, D.P,; Loeffler, ].S.; Fukumura, D.; Jain, R K. The biology of brain metastases-translation to new
therapies. Nat. Rev. Clin. Oncol. 2011, 8, 344-356. [CrossRef]

Zhu, A X.; Meyerhardt, J.A.; Blaszkowsky, L.S.; Kambadakone, A.R.; Muzikansky, A.; Zheng, H.; Clark, ].W.; Abrams, T.A.; Chan,
J.A.; Enzinger, P.C.; et al. Efficacy and safety of gemcitabine, oxaliplatin, and bevacizumab in advanced biliary-tract cancers
and correlation of changes in 18-fluorodeoxyglucose PET with clinical outcome: A phase 2 study. Lancet Oncol. 2010, 1, 48-54.
[CrossRef]

Dickson, P.V.; Hamner, J.B.; Sims, T.L.; Fraga, C.H.; Ng, C.Y.; Rajasekeran, S.; Hagedorn, N.L.; McCarville, M.B.; Stewart, C.F,;
Davidoff, A.M. Bevacizumab-induced transient remodeling of the vasculature in neuroblastoma xenografts results in improved
delivery and efficacy of systemically administered chemotherapy. Clin. Cancer Res. 2007, 13, 3942-3950. [CrossRef] [PubMed]


http://doi.org/10.1053/j.gastro.2013.10.013
http://www.ncbi.nlm.nih.gov/pubmed/24140396
http://doi.org/10.1111/liv.14086
http://www.ncbi.nlm.nih.gov/pubmed/30831002
http://doi.org/10.1177/1073274817729245
http://www.ncbi.nlm.nih.gov/pubmed/28975830
http://doi.org/10.1186/s12876-020-01586-4
http://www.ncbi.nlm.nih.gov/pubmed/33413162
http://doi.org/10.1007/s11864-016-0432-2
http://doi.org/10.1016/S0140-6736(13)61903-0
http://doi.org/10.1002/ijc.21683
http://www.ncbi.nlm.nih.gov/pubmed/16397865
http://doi.org/10.1016/j.jhep.2012.02.022
http://doi.org/10.1038/nrgastro.2016.51
http://doi.org/10.1097/01.sla.0000251366.62632.d3
http://doi.org/10.1200/JCO.2012.41.5984
http://doi.org/10.1056/NEJMoa0908721
http://doi.org/10.1038/sj.bjc.6605779
http://doi.org/10.1093/annonc/mdt540
http://doi.org/10.1038/sj.bjc.6604129
http://doi.org/10.1038/nrclinonc.2011.58
http://doi.org/10.1016/S1470-2045(09)70333-X
http://doi.org/10.1158/1078-0432.CCR-07-0278
http://www.ncbi.nlm.nih.gov/pubmed/17606728

Cancers 2021, 13, 3831 12 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lu, Y.S.;; Chen, TW,; Lin, C.H,; Yeh, D.C,; Tseng, L.M.; Wu, PFE; Rau, KM.; Chen, B.B.; Chao, T.C.; Huang, S.M.; et al. Bevacizumab
preconditioning followed by Etoposide and Cisplatin is highly effective in treating brain metastases of breast cancer progressing
from whole-brain radiotherapy. Clin. Cancer Res. 2015, 21, 1851-1858. [CrossRef] [PubMed]

Horgan, A.M.; Amir, E.; Walter, T.; Knox, J.J. Adjuvant therapy in the treatment of biliary tract cancer: A systematic review and
meta-analysis. J. Clin. Oncol. 2012, 30, 1934-1940. [CrossRef] [PubMed]

Ma, WJ,; Jin, YW.; Wu, Z.R,; Yang, Q.; Wang, ].K,; Liu, F; Shi, Y.J.; Li, Q.S.; Cheng, N.S. Meta-analysis of randomized clinical trials
of adjuvant chemotherapy for resected biliary tract cancers. HPB 2020, 22, 939-949. [CrossRef] [PubMed]

Mertens, ].C.; Rizvi, S.; Gores, G.J. Targeting cholangiocarcinoma. Biochim. Biophys. Acta Mol. Basis Dis. 2018, 1864, 1454-1460.
[CrossRef] [PubMed]

Hurwitz, H.; Fehrenbacher, L.; Novotny, W.; Cartwright, T.; Hainsworth, J.; Heim, W.; Berlin, J.; Baron, A.; Griffing, S.; Holmgren,
E.; et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N. Engl. ]. Med. 2004, 350,
2335-2342. [CrossRef] [PubMed]

Garcia, J.; Hurwitz, H.I.; Sandler, A.B.; Miles, D.; Coleman, R.L.; Deurloo, R.; Chinot, O.L. Bevacizumab (Avastin(R)) in cancer
treatment: A review of 15 years of clinical experience and future outlook. Cancer Treat. Rev. 2020, 86, 102017. [CrossRef]

Lu, J.E; Bruno, R.; Eppler, S.; Novotny, W.; Lum, B.; Gaudreault, J. Clinical pharmacokinetics of bevacizumab in patients with
solid tumors. Cancer Chemother. Pharmacol. 2008, 62, 779-786. [CrossRef]

Iyer, R.V.; Pokuri, VK,; Groman, A.; Ma, WW.; Malhotra, U.; Iancu, D.M.; Grande, C.; Saab, T.B. A Multicenter Phase II Study of
Gemcitabine, Capecitabine, and Bevacizumab for Locally Advanced or Metastatic Biliary Tract Cancer. Am. J. Clin. Oncol. 2018,
41, 649-655. [CrossRef]

Morizane, C.; Ueno, M.; Ikeda, M.; Okusaka, T.; Ishii, H.; Furuse, ]. New developments in systemic therapy for advanced biliary
tract cancer. Jpn. J. Clin. Oncol. 2018, 48, 703-711. [CrossRef]

Yoo, C.; Han, B.; Kim, H.S.; Kim, K.P; Kim, D.; Jeong, ].H.; Lee, ].L.; Kim, TW.; Kim, ].H.; Choi, D.R.; et al. Multicenter Phase II
Study of Oxaliplatin, Irinotecan, and S-1 as First-line Treatment for Patients with Recurrent or Metastatic Biliary Tract Cancer.
Cancer Res. Treat. 2018, 50, 1324-1330. [CrossRef]

Zhang, W.; Zhou, H.; Wang, Y.; Zhang, Z.; Cao, G.; Song, T.; Zhang, T.; Li, Q. Systemic treatment of advanced or recurrent biliary
tract cancer. Biosci. Trends 2020, 14, 328-341. [CrossRef]

Chen, J.S.; Hsu, C.; Chiang, N.J.; Tsai, C.S.; Tsou, H.H.; Huang, S.F; Bai, L.Y; Chang, I.C.; Shiah, H.S.; Ho, C.L.; et al. A KRAS
mutation status-stratified randomized phase II trial of gemcitabine and oxaliplatin alone or in combination with cetuximab in
advanced biliary tract cancer. Ann. Oncol. 2015, 26, 943-949. [CrossRef]

He, Y,; Liu, ZX,; Jiang, Z.H.; Wang, X.S. Identification of genomic features associated with immunotherapy response in
gastrointestinal cancers. World J. Gastrointest. Oncol. 2019, 11, 270-280. [CrossRef]

Yarchoan, M.; Albacker, L.A.; Hopkins, A.C.; Montesion, M.; Murugesan, K.; Vithayathil, T.T.; Zaidi, N.; Azad, N.S.; Laheru, D.A;
Frampton, G.M.; et al. PD-L1 expression and tumor mutational burden are independent biomarkers in most cancers. JCI Insight
2019, 4, €126908. [CrossRef]

Piha-Paul, S.A.; Oh, D.Y; Ueno, M.; Malka, D.; Chung, H.C.; Nagrial, A.; Kelley, RK.; Ros, W.; Italiano, A.; Nakagawa, K.;
et al. Efficacy and safety of pembrolizumab for the treatment of advanced biliary cancer: Results from the KEYNOTE-158 and
KEYNOTE-028 studies. Int. J. Cancer 2020, 147, 2190-2198. [CrossRef]

Kim, R.D.; Chung, V.; Alese, O.B.; El-Rayes, B.F; Li, D.; Al-Toubah, T.E.; Schell, M.].; Zhou, ].M.; Mahipal, A.; Kim, B.H; etal. A
Phase 2 Multi-institutional Study of Nivolumab for Patients With Advanced Refractory Biliary Tract Cancer. JAMA Oncol. 2020, 6,
888-894. [CrossRef]

Vogel, A.; Bathon, M.; Saborowski, A. Immunotherapies in clinical development for biliary tract cancer. Expert Opin. Investig.
Drugs 2021, 30, 351-363. [CrossRef] [PubMed]

Rizzo, A.; Brandi, G. First-line Chemotherapy in Advanced Biliary Tract Cancer Ten Years After the ABC-02 Trial: “And Yet It
Moves!”. Cancer Treat. Res. Commun. 2021, 27, 100335. [CrossRef] [PubMed]

Sebbagh, S.; Roux, J.; Dreyer, C.; Neuzillet, C.; de Gramont, A.; Orbegoso, C.; Hentic, O.; Hammel, P.; de Gramont, A.; Raymond,
E.; et al. Efficacy of a sequential treatment strategy with GEMOX-based followed by FOLFIRI-based chemotherapy in advanced
biliary tract cancers. Acta Oncol. 2016, 55, 1168-1174. [CrossRef]

Dodagoudar, C.; Doval, D.C.; Mahanta, A.; Goel, V,; Upadhyay, A.; Goyal, P; Talwar, V,; Singh, S.; John, M.C.; Tiwari, S.; et al.
FOLFOX-4 as second-line therapy after failure of gemcitabine and platinum combination in advanced gall bladder cancer patients.
Jpn. J. Clin. Oncol. 2016, 46, 57-62. [CrossRef] [PubMed]

Lamarca, A.; Palmer, D.H.; Wasan, H.S.; Ross, PJ.; Ma, Y.T.; Arora, A.; Falk, S.; Gillmore, R.; Wadsley, J.; Patel, K.; et al. Second-line
FOLFOX chemotherapy versus active symptom control for advanced biliary tract cancer (ABC-06): A phase 3, open-label,
randomised, controlled trial. Lancet Oncol. 2021, 22, 690-701. [CrossRef]

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

Valle, J.W.; Lamarca, A.; Goyal, L.; Barriuso, ].; Zhu, A.X. New Horizons for Precision Medicine in Biliary Tract Cancers. Cancer
Discov. 2017, 7, 943-962. [CrossRef] [PubMed]


http://doi.org/10.1158/1078-0432.CCR-14-2075
http://www.ncbi.nlm.nih.gov/pubmed/25700303
http://doi.org/10.1200/JCO.2011.40.5381
http://www.ncbi.nlm.nih.gov/pubmed/22529261
http://doi.org/10.1016/j.hpb.2020.02.001
http://www.ncbi.nlm.nih.gov/pubmed/32349925
http://doi.org/10.1016/j.bbadis.2017.08.027
http://www.ncbi.nlm.nih.gov/pubmed/28844952
http://doi.org/10.1056/NEJMoa032691
http://www.ncbi.nlm.nih.gov/pubmed/15175435
http://doi.org/10.1016/j.ctrv.2020.102017
http://doi.org/10.1007/s00280-007-0664-8
http://doi.org/10.1097/COC.0000000000000347
http://doi.org/10.1093/jjco/hyy082
http://doi.org/10.4143/crt.2017.526
http://doi.org/10.5582/bst.2020.03240
http://doi.org/10.1093/annonc/mdv035
http://doi.org/10.4251/wjgo.v11.i4.270
http://doi.org/10.1172/jci.insight.126908
http://doi.org/10.1002/ijc.33013
http://doi.org/10.1001/jamaoncol.2020.0930
http://doi.org/10.1080/13543784.2021.1868437
http://www.ncbi.nlm.nih.gov/pubmed/33382361
http://doi.org/10.1016/j.ctarc.2021.100335
http://www.ncbi.nlm.nih.gov/pubmed/33592561
http://doi.org/10.1080/0284186X.2016.1191670
http://doi.org/10.1093/jjco/hyv148
http://www.ncbi.nlm.nih.gov/pubmed/26603355
http://doi.org/10.1016/S1470-2045(21)00027-9
http://doi.org/10.1038/ng.3375
http://www.ncbi.nlm.nih.gov/pubmed/26258846
http://doi.org/10.1158/2159-8290.CD-17-0245
http://www.ncbi.nlm.nih.gov/pubmed/28818953

Cancers 2021, 13, 3831 13 of 13

42.

43.

44.

45.

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

Goyal, L.; Shi, L.; Liu, L.Y,; de la Cruz, EF; Lennerz, ] K.; Raghavan, S.; Leschiner, I; Elagina, L.; Siravegna, G.; Ng, RW.;
et al. TAS-120 Overcomes Resistance to ATP-Competitive FGFR Inhibitors in Patients with FGFR2 Fusion-Positive Intrahepatic
Cholangiocarcinoma. Cancer Discov. 2019, 9, 1064-1079. [CrossRef]

Goyal, L.; Kongpetch, S.; Crolley, V.E.; Bridgewater, J. Targeting FGFR inhibition in cholangiocarcinoma. Cancer Treat. Rev. 2021,
95,102170. [CrossRef]

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


http://doi.org/10.1158/1078-0432.CCR-18-0078
http://www.ncbi.nlm.nih.gov/pubmed/29848569
http://doi.org/10.1158/2159-8290.CD-19-0182
http://doi.org/10.1016/j.ctrv.2021.102170
http://doi.org/10.1016/j.annonc.2020.07.014
http://www.ncbi.nlm.nih.gov/pubmed/32853681

	Introduction 
	Materials and Methods 
	Study Population 
	Treatment 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Treatment Efficacy 
	Safety 

	Discussion 
	Conclusions 
	References

