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Abstract
BACKGROUND 
Biliary tract cancers (BTCs) are a heterogeneous group of tumors with high ma-
lignancy, poor prognosis, and limited treatment options.

AIM 
To explore the efficacy and safety of nab-paclitaxel plus capecitabine as first-line 
treatment for advanced and metastatic BTCs.

METHODS 
This open-label, non-randomized, double-center, phase II clinical trial recruited 
systemic therapy-naive patients with unresectable or metastatic BTCs between 
April 2019 and June 2022 at Beijing Cancer Hospital and the First Hospital of 
China Medical University. Eligible patients were administered nab-paclitaxel (150 
mg/m2, day 1) and capecitabine (2000 mg/m2, twice daily, days 1-7) in 14-day 
cycles until experiencing intolerable toxicity or disease progression. The primary 
outcome was the objective response rate (ORR). The secondary outcomes included 
the disease control rate (DCR), overall survival (OS), progression-free survival 
(PFS), and safety.

RESULTS 
A total of 44 patients successfully completed the trial, with a median age of 64.00 
years (interquartile range, 35.00-76.00), and 26 (59.09%) were females. Tumor 
response assessment was impeded for one patient due to premature demise from 
tumor hemorrhage. Among the remaining 43 patients undergoing at least one 
imaging assessment, the ORR was 23.26% [95% confidence interval (CI): 11.80%-
38.60%], and the DCR was 69.77% (95%CI: 53.90%-82.80%). The median OS was 
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14.1 months (95%CI: 8.3-19.9), and the median PFS was 4.4 months (95%CI: 2.5-6.3). A total of 41 patients (93.18%) 
experienced at least one adverse event (AE), with 10 patients (22.73%) encountering grade ≥ 3 AEs, and the most 
frequent AEs of any grade were alopecia (79.50%), leukopenia (54.55%), neutropenia (52.27%), and liver 
dysfunction (40.91%), and no treatment-related deaths were documented.

CONCLUSION 
Nab-paclitaxel plus capecitabine may be an effective and safe first-line treatment strategy for patients with 
advanced or metastatic BTCs.
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Core Tip: Our study investigates the efficacy and safety of nab-paclitaxel plus capecitabine as first-line treatment for 
advanced and metastatic biliary tract cancers (BTCs). Through an open-label, non-randomized, double-center, phase II 
clinical trial, we enrolled systemic therapy-naive patients. Our findings demonstrate that nab-paclitaxel plus capecitabine 
demonstrates both acceptable efficacy and safety in patients with advanced and metastatic BTCs. This regimen shows 
promise as a potential novel treatment option for this patient population and warrants further validation in future trials.
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INTRODUCTION
Biliary tract cancer (BTCs) refers to a heterogeneous group of aggressive adenocarcinomas originating from biliary 
epithelial cells, accounting for about 3% of all gastrointestinal malignancies[1-3]. According to their anatomical origin, 
BTCs can be divided into gallbladder cancer and cholangiocarcinoma, which can be further divided into intrahepatic 
cholangiocarcinoma (ICC), perihilar cholangiocarcinoma, and distal cholangiocarcinoma[4]. Although BTCs are infre-
quent in numerous regions, their global incidence displays variations, with lower rates observed in developed countries 
such as Europe and the United States, whereas relatively higher rates in Asian countries[5,6]. The prognosis of BTCs 
varies according to their anatomical origin, but it generally has a poor prognosis[7,8]. The heterogeneity of BTC poses a 
particular challenge for treatment[9-11], and more effective treatment strategies are necessary.

BTCs are typically diagnosed at an advanced stage[12,13], with systemic therapy serving as the primary treatment 
approach[9-11]. For patients with unresectable BTCs, the TOPAZ-1 study established durvalumab plus cisplatin and 
gemcitabine as the reference regimen internationally, based on an improved overall survival (OS) compared with 
gemcitabine and cisplatin (GC) regimen[14]. Recently, pembrolizumab plus GC was proven to be a new treatment option
[15]. Although combined therapy improved survival with extended survival times of about one month, chemotherapy 
remains the backbone of treatment for BTCs because most BTCs have an immune-suppressed microenvironment[16]. The 
efficacy of the gemcitabine plus cisplatin regimen and capecitabine plus oxaliplatin regimen had already been confirmed 
through previous research[17,18].

Nab-paclitaxel combination therapies are emerging as potentially effective systemic therapy against BTCs, including 
gemcitabine plus nab-paclitaxel[19] and gemcitabine plus cisplatin plus nab-paclitaxel[20], and those regimens are 
endorsed by guidelines[9]. Still, there is limited available evidence regarding nab-paclitaxel in BTCs. Potential synergism 
of nab-paclitaxel and gemcitabine was observed in a mouse model of pancreatic cancer[21] and was investigated in a 
phase II clinical trial[19]. Although the trial did not meet its primary endpoint, the results indicated that nab-paclitaxel 
plus gemcitabine may be an alternative option, with an objective response rate (ORR) of 30%. The addition of nab-
paclitaxel to GAP demonstrated promising efficacy as a neoadjuvant treatment for previously untreated unresectable or 
metastatic BTCs[22,23]. Moreover, one study showed that first-line nab-paclitaxel plus cisplatin and gemcitabine had a 
higher ORR, but the toxicity was non-negligible[24]. There have been no prospective studies evaluating the combination 
of capecitabine and nab-paclitaxel in patients with advanced or metastatic BTCs. Therefore, this study aimed to explore 
the efficacy and safety of nab-paclitaxel plus capecitabine as first-line treatment for advanced and metastatic BTCs.

MATERIALS AND METHODS
Study design and patients
This is an open-label, non-randomized, double-center, phase II clinical trial enrolled systemic therapy-naive patients with 
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unresectable or metastatic BTCs between April 2019 and June 2022 at Beijing Cancer Hospital and the First Hospital of 
China Medical University. The inclusion criteria were: (1) > 18 years old; (2) Histopathologically or cytologically 
confirmed as BTCs; (3) Diagnosed as locally advanced unresectable or metastatic BTCs; (4) No prior systematic therapy 
(adjuvant systemic therapy was permitted if received > 6 months before initiating trial medication); (5) With measurable 
lesions as per Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1[25]; (6) Adequate hematologic 
(absolute neutrophil count ≥ 1.5 × 103/μL, platelets ≥ 100 × 103/μL, and hemoglobin > 90 g/L), hepatic (for patients 
without liver metastasis, the total bilirubin, aspartate aminotransferase, and alanine aminotransferase should be ≤ 3 times 
the upper limit of the institutional normal value. For patients with liver metastasis, they should be ≤ 5 times the upper 
limit of the institutional normal value), and renal function (glomerular filtration rate ≥ 60 mL/min/1.73 m2); and (7) 
Eastern Cooperative Oncology Group (ECOG) performance status score of 0 or 1. Patients suffering from any other 
concurrent uncontrolled medical condition were excluded. The study was approved by the ethics committee of Beijing 
Cancer Hospital and the First Hospital of China Medical University (approval number: 2018YJZ70-ZY02). The trial 
adhered to the Declaration of Helsinki and the Good Clinical Practice. Written informed consent was obtained from all 
patients.

Procedure
Patients were administered intravenous nab-paclitaxel at an initial dosage of 150 mg/m2 on day 1, succeeded by oral 
capecitabine at a standardized dose of 2000 mg/m2 twice daily from days 1 to 7 within each 14-day cycle. The infusion of 
nab-paclitaxel was uniformly administered to all patients over a 30-minute period. In the event of patients experiencing 
adverse events (AEs), an associate chief physician in the Department of Digestive Oncology assessed the causal 
relationship between the toxicity and the study drugs, with the authority to reduce the dose of the relevant drug by 20%-
25%. Discontinuation of treatment was determined if the patient remained unable to tolerate the regimen after two dose 
reductions, if disease progression was evident, or intolerable toxicity manifested, or the patient declined further 
medication.

Computed tomography or magnetic resonance imaging was performed at baseline and every 6 weeks. The response to 
treatment was assessed based on RECIST v1.1[25], including complete response (CR), partial response (PR), stable disease 
(SD), and progressive disease (PD). The carbohydrate antigen 199 (CA199) and carcinoembryonic antigen levels were 
assessed on day 1 of each cycle.

Outcomes
The primary endpoint was ORR, defined as the proportion of patients with a confirmed CR or PR (as per RECIST 1.1). 
The secondary outcomes included the disease control rate (DCR: CR + PR + SD), OS, progression-free survival (PFS), and 
safety. Survival was measured from the first dose of trial medication. OS was calculated from the date of treatment 
initiation until the date of death. PFS was measured from treatment initiation until the date of documented disease 
progression or death. All AEs were graded according to the National Cancer Institute Common Terminology Criteria for 
AEs, version 5.0.

Sample size calculation
The response rate was expected to be approximately 45%[19,20]. Using a two-sided α level of 0.05 and 80% power, a 
sample size of 41 was calculated. Considering a 10% dropout rate due to protocol deviations, 46 patients were recruited to 
ensure that at least 41 patients were evaluable. The sample size calculation was performed using PASS 13.0.

Statistical analysis
The statistical analysis was performed using SPSS 26.0 (IBM, Armonk, NY, United States) and GraphPad Prism 9.5.0 
(GraphPad Software Inc., San Diego, CA, United States). The continuous data with a normal distribution were presented 
as means ± SD; otherwise, they were presented as medians interquartile range (IQR). The categorical data were described 
as n (%). PFS and OS were analyzed using the Kaplan-Meier method. Two-sided P values < 0.05 were considered statist-
ically significant.

RESULTS
Demographic characteristics
A total of 46 patients were initially enrolled in this study; however, one patient withdrew consent, and another 
experienced the first treatment delay due to coronavirus disease 2019 (COVID-19). Consequently, 44 patients successfully 
completed the trial (Figure 1). The median age of the patients was 64.00 years (IQR, 35.00-76.00), with 26 (59.09%) being 
female. Additionally, 25 (56.82%) patients scored an ECOG performance status of 0. Among the patients, 20 (45.45%) were 
diagnosed with gallbladder carcinoma (GBC), 11 (25.00%) with ICC, and 13 (29.55%) with extrahepatic cholangiocar-
cinoma (ECC). Multiple metastatic sites were observed in 20 patients (45.45%), with 20 (45.45%) experiencing liver 
metastases, 5 (11.36%) lung metastases, and 9 (20.5%) peritoneum metastases. Notably, 26 patients (59.09%) had 
undergone radical resection, while 7 (15.91%) had received adjuvant systemic therapy. The majority were at stage IV 
(90.91%), and 28 (63.64%) had CA199 levels exceeding 37 U/mL (Table 1).
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Table 1 Basic demographic characteristics, n (%)

Characteristic Total (n = 44)

Age, years (median, IQR) 64.00 (35.00, 76.00)

Sex

    Male 18 (40.91)

    Female 26 (59.09)

ECOG performance

    0 25 (56.82)

    1 19 (43.18)

Tumor subtype

    Gallbladder cancer 20 (45.45)

    Intrahepatic cholangiocarcinoma 11 (25.00)

    Extrahepatic cholangiocarcinoma 13 (29.55)

Number of metastatic sites

    No metastasis 3 (6.82)

    Single 21 (47.73)

    Multiple 20 (45.45)

Metastatic sites

    Liver 20 (45.45)

    Lung 5 (11.36)

    Peritoneum 9 (20.45)

Previous antitumor therapy

    Radical resection 26 (59.09)

    Adjuvant systemic therapy 7 (15.91)

Stage

    III 1 (2.27)

    IV 40 (90.91)

    Uncertain 3 (6.82)

Baseline CA199

    < 37 U/mL 16 (36.36)

    ≥ 37 U/mL 28 (63.64)

ECOG: Eastern Cooperative Oncology Group; CA199: Carbohydrate antigen 199; IQR: Interquartile range.

Response to treatment
The assessment of tumor response was impeded for one participant due to premature demise resulting from tumor 
hemorrhage before the initial evaluation. Among the remaining 43 patients who underwent at least one imaging 
assessment, the outcomes were as follows: CR was observed in 2 patients (4.65%); PR was noted in 8 patients (18.60%); SD 
was evident in 20 patients (46.51%); PD manifested in 13 patients (30.23%). Consequently, an ORR of 23.26% (95%CI: 
11.80%-38.60%) and a DCR of 69.77% (95%CI: 53.90%-82.80%) were determined (Table 2). The waterfall plot of the best 
response of the patients of GBC, ICC, and ECC was presented in Figure 2. The median OS was 14.1 months (95%CI: 8.3-
19.9), and the median PFS was 4.4 months (95%CI: 2.5-6.3) (Figure 3). The median OS for patients with GBC, ICC, and 
ECC was 8.5 months (95%CI: 2.3-14.8), 11.2 months (95%CI: 5.2-17.3), and 15.6 months (95%CI: 3.9-27.2), respectively (P = 
0.405). Additionally, the median PFS for patients with GBC, ICC, and ECC was 4.1 months (95%CI: 2.3-5.9), 5.3 months 
(95%CI: 2.0-8.5), and 5.1 months (95%CI: 0-11.0), respectively (P = 0.466) (Figure 4; Table 3). The ORRs for patients with 
GBC, ICC, and ECC were 25.00%, 18.18%, and 25.00%, respectively, while the DCRs for patients with GBC, ICC, and ECC 
were 70.00%, 72.73%, and 66.67%, respectively (Table 3). We have also analyzed the relationships between other disease 
characteristics and treatment responses, and found no significant differences in the ORR across patients with different 
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Table 2 Treatment response in patients, n (%)

Therapeutic response assessment Evaluable patients (n = 43)

Objective response rate (95%CI) 10 (23.26) (11.80-38.60)

Complete response 2 (4.65)

Partial response 8 (18.60)

Stable disease 20 (46.51)

Progressive disease 13 (30.23)

Disease control rate (95%CI) 30 (69.77) (53.90-82.80)

Progression-free survival (95%CI, months) 4.4 (2.5-6.3)

Overall survival (95%CI, months) 14.1 (8.3-19.9)

CI: Confidence interval.

Table 3 Treatment response in patients with gallbladder cancer, intrahepatic cholangiocarcinoma and extrahepatic cholangiocarcinoma

ORR DCR OS (95%CI) PFS (95%CI)

GBC 25.00 (11.19-46.87) 70.00 (48.10-85.45) 8.5 (2.3-14.8) 4.1 (2.1-5.9)

ICC 18.18 (5.14-47.70) 72.73 (43.44-90.25) 11.2 (5.2-17.3) 5.3 (2.0-8.5)

ECC 25.00 (8.89-53.23) 66.67 (39.06-86.19) 15.6 (3.9-27.2) 5.1 (0.0-11.0)

GBC: Gallbladder cancer; ICC: Intrahepatic cholangiocarcinoma; ECC: Extrahepatic cholangiocarcinoma; ORR: Objective response rate; DCR: Disease 
control rate; OS: Overall survival; PFS: Progression-free survival; CI: Confidence interval.

Table 4 Adverse events occurring in ≥ 10% of the patients, n (%)

Adverse event Grade 1-2 Grade 3-4 All grades

Alopecia 35 (79.50) 0 (0.00) 35 (79.50)

Leukopenia 22 (50.00) 2 (4.55) 24 (54.55)

Neutropenia 19 (43.18) 4 (9.09) 23 (52.27)

Liver dysfunction 18 (40.91) 0 (0.00) 18 (40.91)

Hyperbilirubinemia 16 (36.36) 2 (4.55) 18 (40.91)

Anemia 14 (31.81) 2 (4.55) 16 (36.36)

Neurotoxicity 10 (22.71) 2 (4.55) 12 (27.27)

ST-T abnormal change 9 (20.45) 0 (0.00) 9 (20.45)

Sinus tachycardia 6 (13.64) 0 (0.00) 6 (13.64)

Anorexia 5 (11.36) 0 (0.00) 5 (11.36)

ages, genders, ECOG performance status, number of metastatic sites, metastatic sites, stages, and baseline CA199 levels.

Safety evaluation
A total of 41 (93.18%) patients experienced at least one AE, with 10 patients (22.73%) encountering grade ≥ 3 AEs. The 
most frequently observed AEs of any grade included alopecia (35, 79.50%), leukopenia (24, 54.55%), neutropenia (23, 
52.27%), and liver dysfunction (18, 40.91%). Among the grade ≥ 3 AEs, the most common were neutropenia (4, 9.09%). 
Importantly, no treatment-related deaths were documented (Table 4). For common grade 3 and higher AEs such as 
leukopenia, neutropenia, and liver dysfunction, we administered recombinant human granulocyte colony-stimulating 
factor and hepatoprotective agents as symptomatic treatments. In cases of grade 4 Leukopenia and thrombocytopenia, 
grade 3 or higher anemia, or grade 2 or higher peripheral neuropathy and gastrointestinal toxicity, we reduced the drug 
dosage by 20%-25% to alleviate the AEs experienced by the patients.
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Figure 1 Patient flowchart. COVID-19: Coronavirus disease 2019.

Figure 2 Waterfall plot of the best response of the patients with gallbladder cancer, intrahepatic cholangiocarcinoma, and extrahepatic 
cholangiocarcinoma, as per response evaluation criteria in solid tumors (RECIST 1.1).

Figure 3 Kaplan-Meier curves for patients receiving nab-paclitaxel plus capecitabine. A: Progression-free survival; B: Overall survival. PFS: 
Progression-free survival; OS: Overall survival.

DISCUSSION
This study revealed an ORR of 23.26%, a DCR of 69.77%, and a median OS and PFS of 14.1 months and 4.4 months, 
respectively. A well-tolerated safety profile in patients with advanced or metastatic BTCs treated with nab-paclitaxel plus 
capecitabine suggests that it may be an effective and safe first-line treatment strategy for such patients.

In this study, the ORR of nab-paclitaxel plus capecitabine was 23.3% and the DCR was 69.8%; the ORR observed here 
was similar to those observed with capecitabine plus oxaliplatin (ORR = 26.4%) in patients with advanced BTCs[18] and 
gemcitabine plus nab-paclitaxel (ORR = 30.0%) in patients with advanced or metastatic cholangiocarcinoma[19], 
highlighting the need for more effective regimens. In addition, the ABC-02 trial reported ORRs of 26.1% for cisplatin plus 
gemcitabine and 15.5% for gemcitabine alone in patients with BTCs, and the CR rates were lower than 1.0% in each group
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Figure 4 Kaplan-Meier curves for patients with gallbladder cancer, intrahepatic cholangiocarcinoma, and extrahepatic cholangio-
carcinoma. A: Progression-free survival; B: Overall survival. PFS: Progression-free survival; OS: Overall survival; GBC: Gallbladder cancer; ICC: Intrahepatic 
cholangiocarcinoma; ECC: Extrahepatic cholangiocarcinoma.

[17]. Previous studies reported an ORR of 52.4% (all PRs) in patients with advanced, unresectable gallbladder cancer 
treated with nab-paclitaxel as a third-line treatment after first-line gemcitabine/platinum-based systemic therapy and 
second-line FOLFOX4[26], 45% (all PRs) in patients with BTC treated with first-line gemcitabine plus cisplatin plus nab-
paclitaxel[20], 34% with nab-paclitaxel plus gemcitabine plus cisplatin[23], and 33.3% for advanced cholangiocellular 
carcinoma treated with second- or third-line nab-paclitaxel-based systemic therapy[27]. In the present study of treatment-
naive patients with BTCs, the ORR of capecitabine plus nab-paclitaxel was 23.26%, but 4.65% of the patients achieved CR. 
The NAP-CAPABIL pilot study showed that 10 patients with advanced BTC treated with capecitabine and nab-paclitaxel 
had a DCR of 80% (8/10) after a median treatment duration of 4.3 months[28]. Nevertheless, those previous studies and 
the present one cannot be directly compared because of the differences in patient selection and treatment regimens 
(including lines of therapy), but capecitabine plus nab-paclitaxel appears promising for patients with advanced or 
metastatic BTCs. The differences among the above trials can be due to a number of factors besides the study treatments, 
including patient selection, previous treatments, and drug combinations.

Previous studies demonstrated that adding nab-paclitaxel to conventional systemic therapy and giving nab-paclitaxel 
after conventional therapy could result in better OS and PFS than conventional therapies[20,23,26-28]. The median OS of 
capecitabine plus nab-paclitaxel was 14.1 months in the present study, but the median PFS was only 4.4 months. The 
shorter PFS could be due to the complex challenge of 2-week treatment cycles in the context of the COVID-19 pandemic, 
with constraints due to lockdowns, restricted transportation, hospital overcrowding, and fear of COVID-19.

In the present study, capecitabine plus nab-paclitaxel was well tolerated, with the most common grade 3-4 AEs being 
neutropenia, leukopenia, anemia, neurotoxicity, and hyperbilirubinemia, which were all manageable after drug dose 
reduction, and without treatment-related deaths, similar to the NAP-CAPABIL pilot study in patients with advanced BTC 
(90% with any-grade AEs and 40% with grade > 3 AEs)[28] and in patients with other solid tumors[29,30]. Compared 
with the gemcitabine plus cisplatin regimen in the ABC-02 trial[17], the rate of severe AEs was relatively low (22.73% of 
patients with grade ≥ 3 AEs in the present study vs 70.7 % in ABC-02). In patients with BTCs treated with first-line 
gemcitabine plus nab-paclitaxel, grade ≥ 3 neutropenia and fatigue were observed in 43% and 14%, respectively[19]. 
Gemcitabine plus cisplatin plus nab-paclitaxel displayed a 58% rate of grade ≥ 3 AEs. Gemcitabine plus cisplatin plus 
nab-paclitaxel (SEOG 1815 trial) also showed a rate of grade ≥ 3 hematological AEs of 60%. Many previous trials included 
cisplatin in their regimens, and platinum salts are recognized to have high rates of hematological AEs in patients with 
solid tumors[31]. On the other hand, capecitabine is an oral drug, and the dose can be reduced dynamically, which might 
contribute to the lower occurrence of severe AEs. Therefore, capecitabine plus nab-paclitaxel could have the advantages 
of lower toxicity due to fewer drugs being used and a more dynamic dose adjustment.

This study had several limitations. It employed a single-arm, non-randomized design with a relatively small sample 
size, lacking comparator regimens and hindering reliable subgroup or multivariable analyses. Despite these constraints, 
the observed regimen demonstrated promising efficacy. To substantiate these findings, conducting a randomized 
controlled study with a larger sample size is imperative. Still, it should be noted that in the light of recent efficacy data on 
chemotherapy combined with immunotherapy trials (TOPAZ-1 and KEYNOTE-966 trials)[14,15], a regimen based on 
nab-paclitaxel and capecitabine without immunotherapy might not be enough as first-line therapy. On the other hand, for 
patients with intolerance to platinum, nab-paclitaxel plus capecitabine could be an alternative option. Future studies 
should also examine the role of immunotherapy with nab-paclitaxel.

CONCLUSION
In conclusion, nab-paclitaxel plus capecitabine demonstrates both acceptable efficacy and safety in patients with 
advanced and metastatic BTCs. This regimen shows promise as a potential novel treatment option for this patient 
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population and warrants further validation in future trials.
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