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Abstract: This study investigated the efficacy and safety of hepatic artery infusion chemotherapy (HAIC) combined 
with PD-1 immunotherapy for advanced biliary tract cancer (BTC) and evaluated the optimal timing of HAIC. A total of 
36 unresectable BTC patients treated with HAIC and PD-1 inhibitors between September 2019 and July 2021 were 
included in this study. Overall survival (OS), progression-free survival (PFS), tumor response, and adverse events 
(AEs) were investigated. Overall, 52.8% patients with advanced BTC were in stage IV, 23 patients who progressed 
after receiving PD-1 inhibitor had undergone HAIC, and 23 patients have received 2 or more lines of therapy. The 
median OS was 8.8 months (range: 4.0-24.0 months), and the median PFS was 3.7 months. The objective response 
rate and disease control rate were 11.5% and 76.9%, respectively. In the subgroup analysis, patients who treated 
with HAIC early without progression after immunotherapy were associated with a trend toward better OS (median 
13.0 vs. 7.6 months; P = 0.004) and PFS (median 7.9 vs. 3.6 months; P = 0.09) compared to with HAIC with progres-
sion after PD-1 treatment. No treatment-related deaths occurred. A total of 44.4% of the patients experienced grade 
3 or 4 AEs. We conclude that the combination of HAIC and PD-1 inhibitors is safe and effective. Early HAIC combined 
with immunotherapy can effectively prolong the overall survival of patients with advanced BTC. 

Keywords: Biliary tract cancer, hepatic arterial infusion chemotherapy, PD-1 inhibitor, combination therapy, inter-
ventional time of HAIC

Introduction 

Biliary tract cancers (BTCs) represent a group 
of malignancies comprised of intrahepatic and 
extrahepatic cholangiocarcinoma (CCA) and 
gallbladder cancer (GBC). In China, the inciden- 
ce of CCA is relatively high (> 6/100,000), and 
the incidence of GBC is at the middle and lower 
levels compared with those in the world (2.0-
2.9/100,000) and has been increasing in the 
past few decades [1]. Because of its insidious 
onset, the majority of patients are often diag-
nosed in advanced stages, which results in a 
dismal prognosis, with a 5-year survival rate 
typically below 10% [2]. Although the combina-
tion of gemcitabine and cisplatin has been 
established as a first-line therapy for advanced 

BTC, its response rate is not high [3]. In the 
recent ABC-06 study, the combination of foli- 
nic acid, fluorouracil and oxaliplatin (mFOLFOX) 
as second-line treatment after progression wi- 
th gemcitabine-cisplatin (GemCis) demonstrat-
ed an overall survival (OS) benefit vs. active 
symptom control [4]. Novel effective therapeu-
tic options are needed to improve the outcomes 
of patients with advanced BTCs.

Immune checkpoint inhibitors represented by 
programmed death-1 (PD-1) antibodies block 
negative regulatory signals and restore the kill-
ing activity of T cells to tumor cells, therefore 
enhancing the antitumor immune response. 
With the success of PD-1 blockade immuno-
therapy in various tumors [5, 6], the objective 

http://www.ajcr.us


HAIC with PD-1 inhibitor for advanced BTC

3456	 Am J Cancer Res 2022;12(7):3455-3463

response rate (ORR) of PD-1/PD-L1 inhibitor 
monotherapy for BTC was reported to be 
3.0%~22% [7-9], while hypermutated BTCs  
harboring MSI or TMB-H showed a 12-month 
OS of 33% [10].

Locoregional treatments, such as transarterial 
chemoembolization, hepatic arterial infusion 
chemotherapy (HAIC), radiofrequency ablation 
and radiotherapy, are still important approach-
es for advanced BTC [11]. HAIC delivers high 
doses of chemotherapeutic agents to the he- 
patic artery, which could diminish the systemic 
toxic effects of chemotherapy. Cercek A et al. 
[12] conducted a phase 2 clinical trial including 
38 unresectable intrahepatic cholangiocarci-
noma (ICC) patients treated with HAI floxuri- 
dine plus systemic gemcitabine and oxaliplatin. 
The median progression-free survival (PFS) was 
11.8 months, and the median OS was 25.0 
months, with an ORR of 58%. HAIC was also 
proven to be effective for BTC patients in a 
number of phase I and II trials [13-16]. On the 
basis of preclinical data, we conducted a retro-
spective study to evaluate the safety and effi-
cacy of HAIC with PD-1 inhibitors for patients 
with advanced refractory BTC.

Methods

Study design and patients

From September 2019 to July 2021, 66 pa- 
tients with advanced BTC were screened, and 
36 patients were enrolled in an open, multi-
center-center study that was initiated by Pek- 

Patients were excluded if they had severe alter-
ation of liver function (prothrombin time < 40%), 
if the tumor burden in the liver was over 70% of 
the total liver volume, or if patients had under-
gone other concomitant treatments. Previous 
chemotherapy was not an exclusion criterion 
for this study. Figure 1 summarizes the patient 
enrollment process of the current study.

Treatment and dosing information

Information regarding the dates of initiation 
and completion of treatment, radiological eval-
uation, laboratory data, surgery data, and ad- 
verse events (AEs) during treatment were sys-
tematically collected. All patients received dif-
ferent lines of systemic therapy, including che-
motherapy, targeted therapy and immuno- 
therapy. The PD-1 inhibitor dose included a 
fixed dosage of 200 mg every 3 weeks or a 
fixed dosage of 3 mg/kg body weight every 3 
weeks. The HAIC regimen was composed of 
oxaliplatin (40 mg/m2 for 2 h) and 5-fluoroura- 
cil (800 mg/m2 for 22 h) on days 1-3 every 3 or 
4 weeks. Leucovorin calcium was dripped intra-
venously at a dose of 200 mg/m2 for 2 h during 
5-fluorouracil infusion [13, 14].

Assessments

The clinical objective response was measured 
by the Response Evaluation Criteria in Solid 
Tumors, version 1.1 (RECIST v1.1) [17] criteria, 
evaluated by professional radiologists at the 
center (PUMCH) who were blinded to therapeu-
tic outcomes and clinicopathological features. 

Figure 1. Patient Screening and Enrollment Flowchart.

ing Union Medical College 
Hospital (PUMCH). The proto-
col was approved by the lo- 
cal ethical committee, and all 
patients provided informed 
consent (JS-1391). Pertinent 
eligibility criteria included his-
tologically confirmed unresect-
able or metastatic cholangio-
carcinoma or gallbladder can- 
cers, treatment with PD-1 in- 
hibitor and HAIC, at least 1 line 
of systemic therapy but no 
more than 3 prior lines of sys-
temic therapy, ECOG perfor-
mance status 0-2, Child-Pugh 
score A-B, and adequate bone 
marrow and liver function.
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The ORR was used to assess the efficacy of 
treatments. Complete response (CR) and par-
tial response (PR) were recognized as overall 
responses, and CR, PR, and stable disease 
(SD) were considered tumor control. Safety 
assessment and grading were recorded in the 
electronic medical records or collected by the 
investigators using the Common Terminology 
Criteria for Adverse Events (version 4.0) as a 
reference [18].

Statistical analysis

Continuous variables are described as the 
median and range and were compared using 
the Wilcoxon rank sum test. OS was defined as 
the time from the initiation of HAIC to the date 
of death or censorship at the last follow-up, and 
PFS was defined as the date from the initiation 
of HAIC to disease progression, the last follow-
up, or death, whichever occurred first. OS was 
analyzed using the Kaplan-Meier method, and 
the log-rank test was used to identify variables 
that were statistically significant. The factors 
with P < 0.10 in univariate analysis were ana-
lyzed in multivariate analysis. A two-sided p 
value < 0.05 was considered to prove signifi-
cance for all tests. Data analysis was per-
formed using the Statistical Package for the 
Social Sciences (SPSS, version 24.0).

Results

Patient characteristics

Thirty-six patients with advanced BTC were 
included in this study. The characteristics of 
these patients are provided in Table 1. The 
median age of the patients was 59 years (ran- 
ge, 27-79), and 58.3% of patients were male. 
Twenty-seven patients (75%) had ICC, 5 (13.9%) 
had extrahepatic cholangiocarcinoma, and 4 
(11.1%) had gallbladder cancer. Most patients 
had TNM stage IV (55.6%) at the beginning of 
HAIC, and the liver (63.9%) and intraabdominal 
lymph nodes (55.6%) were the most common 
metastatic sites. Twenty-three patients (63.9%) 
who progressed after receiving PD-1 inhibitor 
had undergone HAIC. There were 23 patients 
who had received 2 or more lines of therapy 
prior to study enrollment. In addition, half of the 
patients had undergone previous surgery and 
23 patients’ tumor burden score (TBS) were 

Table 1. Baseline characteristics

Characteristics Number of 
patients (%)

Median age, years (range) 59 (27-79)
Sex, n [%]
    Male 21 [58.3]
    Female 15 [41.7]
ECOG performance, n [%]
    0 23 [63.9]
    1 10 [27.8]
    2 3 [8.3]
Child-Pugh score
    A 32 [88.9]
    B 4 [11.1]
Tumor subtype, n [%]
    Intrahepatic cholangiocarcinoma 27 [75]
    Extrahepatic cholangiocarcinoma 5 [13.9]
    Gallbladder cancer 4 [11.1]
Differentiated histology, n [%]
    Poor 12 [33.3]
    Moderate 15 [41.7]
    Unsure 9 [25]
CEA level, n [%]
    < 10 U/mL 15 [41.7]
    ≥ 10 U/mL 11 [30.6]
CA19-9 level, n [%]
    < 200 U/mL 13 [36.1]
    ≥ 200 U/mL 17 [47.2]
Site of metastasis, n (%)
    Intrahepatic 23 [63.9]
    Lymph nodes 20 [55.6]
    Lung 11 [30.6]
    Bone 8 [22.2]
TNM stage, n [%]
    II 5 [13.9]
    III 11 [30.6]
    IV 19 [52.8]
Prior surgery, n [%]
    Yes 18 [50]
    No 18 [50]
Progression after immunotherapy, n [%]
    Yes 23 [63.9]
    No 13 [36.1]
Previous line of therapy, n [%]
    1 13 [36.1]
    ≥2 23 [63.9]
Tumor burden score, n [%]
    TBS-H 23 [63.9]
    TBS-L 11 [30.6]
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ing that it was an independent prognostic fac-
tor related to decreased survival.

Tolerability and safety

None of the patients experienced complica-
tions attributable to the port-catheter system, 
and no treatment-related deaths occurred dur-
ing or after HAIC treatment. Sixteen patients 
(44.4%) experienced grade 3 or 4 AEs (Table  
5). Additionally, fatigue (52.8%), increased AST 
or ALT (52.8%), total bilirubin increased (38.9%) 
and abdominal pain (38.9%) were the most 
common AEs (any grade). The most common 
grade 3 AEs were fatigue (13.9%) and nausea 
(13.9%), followed by thrombocytopenia (11.1%). 
Grade 4 thrombocytopenia and hepatic ence- 
phalopathy were both observed in 1 patient (1 
of 36, 2.8%).

Discussion

BTC is a fatal and highly malignant gastrointes-
tinal tumor with low response rates and poor 
prognosis. Previous studies have indicated a 
poor mean OS rate for patients with CCA (less 
than 24 months) and gallbladder cancer (6 
months) [20]. In recent years, standard first-line 
chemotherapy has increased the survival time 
and improved the quality of life of patients with 
unresectable BTC [3, 20-22]. In addition, 25%-
50% of patients with disease progression still 
have therapeutic options, such as second-line 
chemotherapy, targeted therapy, immunothe- 
rapy, locoregional therapy and combination tre- 
atment. A systematic review by Lamarca A et al. 
[23], which included 25 studies involving 761 
patients with advanced BTC who progressed 
after first-line chemotherapy, showed a mean 
OS of 7 months and PFS of 3 months when 
treated with second-line chemotherapy. There- 
fore, it is necessary to explore more possible 
combination therapies to improve outcomes of 
far-advanced BTC patients. 

In the present study, we describe the antitumor 
activity and toxicity of HAIC plus PD-1 inhibitor 
as a non-first-line treatment in 36 patients with 
advanced BTC. Most patients enrolled in our 
study cohort were at a late clinical stage and 
were estimated to have a limited survival time. 
Patients who received PD-1 inhibitor plus HAIC 
achieved satisfactory median PFS and OS (3.7 

Table 2. Therapeutic efficacy of response and 
survival outcomes for 26 BTC patients

Therapeutic response assessment Evaluable  
patients (n = 26)

Complete response (CR, n, %) 0
Partial response (PR, n, %) 3 (11.5%)
Stable disease (SD, n, %) 17 (47.2%)
Progressive disease (PD, n, %) 6 (23.1%)

high according to imaging data [19]. Some 
patients lacked the data of CA199 and CEA lev-
els before treatment, one patient could not be 
evaluated for TNM stage, and two patients 
could not accurately obtain TBS.

Response and survival

According to RECIST v1.1, PR and SD were 
achieved in 3 (11.5%) and 17 (65.4%) patients, 
respectively (Table 2). No CR was observed. 
The median OS was 8.8 months (range 0.5-
20.8 months; 95% confidence interval [CI]: 5.2-
12.4 months, Figure 2A), and the median PFS 
was 3.7 months (range 0.5-11.3 months; 95% 
CI: 3.2-4.2 months, Figure 2B) in this study. 
Patients treated with first-line systemic therapy 
(n = 13) had numerically better OS (median 
13.0 vs. 7.6 months; P = 0.009, Figure 3A) th- 
an those treated with second- and third-line 
systemic therapy. The median PFS of patients 
with 1 line of systemic therapy was 5.7 months, 
and that of patients with 2 and 3 lines of sys-
temic therapy was 3.5 months (P = 0.132, 
Figure 3B). On the other hand, HAIC without 
progression after PD-1 treatment (n = 13) was 
associated with a trend toward better OS (medi-
an 13.0 vs. 7.6 months, P = 0.004, Figure 4A) 
and PFS (median 7.9 vs. 3.6 months; P = 0.09, 
Figure 4B) compared to with HAIC with progres-
sion after PD-1 treatment.

Risk factors for survival

Tables 3 and 4 show all variables that were 
included in the univariate analyses and were 
potentially associated with a longer OS and 
PFS. The results indicate that ECOG, Child-Pu- 
gh score, TBS, and line of systemic therapy 
were relevant factors for better OS and PFS. 
Lines of systemic therapy showed significant 
differences in the univariate analyses, reveal-
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Figure 2. A. Kaplan-Meier estimation of OS of the entire cohort; B. Kaplan-Meier estimation of PFS of the entire 
cohort.

Figure 3. A. Kaplan-Meier estimation of OS of advanced BTC patients who treated with first-line systemic therapy 
(blue line) or second- and third-line systemic therapy (red line); B. Kaplan-Meier estimation of PFS of advanced BTC 
patients who treated with first-line systemic therapy (blue line) or second- and third-line systemic therapy (red line).

Figure 4. A. Kaplan-Meier estimation of OS of advanced BTC patients who treated HAIC without progression after 
PD-1 treatment (blue line) or with progression after PD-1 treatment (red line); B. Kaplan-Meier estimation of PFS of 
advanced BTC patients who treated HAIC without progression after PD-1 treatment (blue line) or with progression 
after PD-1 treatment (red line).
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Table 4. Univariate and multivariate analyses of prognostic factors for PFS

Variates
Univariate analysis Multivariate analysis

P value HR (95% CI) P value HR (95% CI)
Age (≥ 65) 0.911 0.943 (0.337, 2.642)
Sex 0.202 0.528 (0.198, 1.409)
ECOG PS (0/1+2) 0.067 2.377 (0.940, 6.012) 0.299 1.810 (0.590, 5.551)
Child-Pugh score (A/B) 0.006 7.367 (1.794, 30.248) 0.065 6.880 (0.886, 53.415)
CEA level 0.978 0.985 (0.340, 2.856)
CA19-9 level 0.326 0.596 (0.213, 1.672)
Metastasis (Y/N) 0.482 1.391 (0.554, 3.489)
TNM stage (ll+lll/lV) 0.347 1.595 (0.603, 4.220)
Prior surgery 0.657 0.814 (0.329, 2.015)
Progression after immunotherapy 0.121 2.268 (0.805, 6.390)
Line of systemic therapy 0.084 2.490 (0.886, 6.995) 0.169 2.481 (0.679, 9.069)
TBS (H/L) 0.082 2.764 (0.880, 8.685) 0.248 2.064 (0.603, 7.058)

Table 3. Univariate and multivariate analyses of prognostic factors for OS

Variates
Univariate analysis Multivariate analysis

P value HR (95% CI) P value HR (95% CI)
Age (≥ 65) 0.906 0.938 (0.324, 2.715)
Sex 0.243 0.543 (0.195, 1.513)
ECOG PS (0/1+2) 0.034 2.920 (1.082, 7.882) 0.335 2.035 (0.480, 8.621)
Child-Pugh score (A/B) 0.053 3.743 (0.986, 14.216) 0.867 1.134 (0.261, 4.931)
CEA level 0.583 1.363 (0.450, 4.127)
CA19-9 level 0.904 1.067 (0.369, 3.087)
Metastasis (Y/N) 0.727 1.195 (0.440, 3.241)
TNM stage (II+III/IV) 0.479 1.438 (0.526, 3.927)
Prior surgery 0.426 0.665 (0.244, 1.815)
Progression after immunotherapy 0.122 3.259 (0.730, 14.541)
Line of systemic therapy 0.036 8.780 (1.158, 66.572) 0.013 27.868 (2.030, 382.574)
TBS (H/L) 0.028 3.880 (1.161, 12.965) 0.060 10.022 (0.910, 110.407)

and 8.8 months, respectively). Notably, an 
11.5% ORR and 76.9% disease control rate 
according to the RECIST criteria were observed. 
After stratification by lines of systemic therapy, 
the median OS in the first-line group was sig- 
nificantly longer than that in the second- and 
third-line group (P = 0.09). In addition, after 
stratification by the presence or absence of 
progression after immunotherapy, patients wi- 
thout progression showed a significantly better 
median OS (13.0 vs. 7.6 months, P = 0.004) 
and PFS (7.9 vs. 3.6 months, P = 0.09) than 
those with progression after PD-1 therapy. In 
terms of therapeutic safety, although all pa- 
tients experienced AEs, there were no grade 5 
AEs reported, and only 2 patient experienced a 
grade 4 SAE. Approximately 44.4% of patients 

experienced grade 3 AEs, but all these SAEs 
were reversible. Our preliminary study reveals 
that earlier treatment with HAIC might be effec-
tive in prolonging survival time for advanced 
unresectable BTC patients.

Although the current study reported the results 
of HAIC combined with PD-1 inhibitor, thus pro-
viding clinical evidence for future prospective 
studies, it has some limitations. First, it was a 
multicenter, single-arm, retrospective study wi- 
th a limited sample size. Therefore, the level of 
evidence is relatively low. Second, the catego-
ries of PD-1 inhibitors and prior systemic thera-
py varied. Thus, different baseline characteris-
tics of patients caused a certain bias. This can 
also explain why multivariate analysis showed 
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Table 5. Treatment-related adverse events

Events, n (%)
Biliary tract carcinoma (n = 36)

Any grade, 
n (%)

Grade 
1-2, n (%)

Grade 3, 
n (%)

Grade 
4, n (%)

All term 36 (100) 36 (100) 16 (44.4) 2 (5.6)
Fatigue 19 (52.8) 14 (38.9) 5 (13.9) 0
Nausea 6 (16.7) 1 (2.8) 5 (13.9) 0
Dysphonia 2 (5.6) 2 (5.6) 0 0
Vomiting 4 (11.1) 2 (5.6) 2 (5.6) 0
Gingivitis 1 (2.8) 1 (2.8) 0 0
Rash 6 (16.7) 4 (11.1) 2 (5.6) 0
Diarrhea 3 (8.3) 3 (8.3) 0 0
Fever 8 (22.2) 7 (19.4) 1 (2.8) 0
Anorexia 3 (8.3) 3 (8.3) 0 0
Constipation 2 (5.6) 2 (5.6) 0 0
Hydrothorax 1 (2.8) 1 (2.8) 0 0
Hypertension 9 (25) 6 (16.7) 3 (8.3) 0
Headache 2 (5.6) 2 (5.6) 0 0
Abdominal pain 14 (38.9) 11 (30.6) 3 (8.3) 0
Arthralgia 2 (5.6) 2 (5.6) 0 0
Hand-foot syndrome 2 (5.6) 2 (5.6) 0 0
Ascites 9 (25) 9 (25) 0 0
AST or ALT increased 19 (52.8) 17 (47.2) 2 (5.6) 0
Anemia 9 (25) 9 (25) 0 0
Total bilirubin increased 14 (38.9) 14 (38.9) 0 0
Hypothyroidism 6 (16.7) 6 (16.7) 0 0
Hypoproteinemia 10 (27.8) 10 (27.8) 0 0
Thrombocytopenia 17 (47.2) 12 (33.3) 4 (11.1) 1 (2.8)
Leukopenia 13 (36.1) 10 (27.8) 3 (8.3) 0
Hypokalemia 3 (8.3) 3 (8.3) 0 0
Pneumonia 2 (5.6) 1 (2.8) 1 (2.8) 0
Proteinuria 5 (13.9) 4 (11.1) 1 (2.8) 0
Hepatic encephalopathy 1 (2.8) 0 0 1 (2.8)
Emaciation 2 (5.6) 2 (5.6) 0 0
Hyponatremia 6 (16.7) 6 (16.7) 0 0
Biliary tract infection 1 (2.8) 1 (2.8) 0 0
Lumbodorsal pain 3 (8.3) 3 (8.3) 0 0

no independent prognostic factors related to 
prolonged survival. In the future, we will con-
duct a prospective randomized controlled trial 
to confirm the benefit of this combination.

In conclusion, treatment with HAIC combined 
with PD-1 immunotherapy for advanced BTC 
patients is safe and effective. The early addi-
tion of HAIC to systemic therapy may confer 
better efficacy, leading to longer survival. Our 
team hope to actively explore the possibility of 
combined local treatment and systemic treat-

ment based on PD-1/PD-L1 inhibi-
tors to achieve the goal of bringing 
long-term tumor-free survival to 
patients with unresectable BTC.
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