
Abstract. Aim: The renin–angiotensin system (RAS) was
investigated as a target for cancer treatment. Patients and
Methods: A total of 287 patients with biliary tract cancer
(BTC) receiving chemotherapy were retrospectively studied
to evaluate the role of inhibition of RAS by angiotensin
system inhibitors (ASIs). Progression-free survival (PFS)
and overall survival (OS) were compared between 74
patients with hypertension, on ASIs (ASI group), 50
patients with hypertension not on ASIs (non-ASI with HT
group) and 163 patients without hypertension (non-HT
group). Interactions between the use of ASIs and various
subgroups were explored. Results: The median PFS was
3.6, 3.9 and 4.6 months (p=0.495) and the median OS was
11.6, 10.9 and 13.1 months (p=0.668), respectively. The
use of ASIs was not associated with OS (hazard ratio 1.00,
p=0.975) and no subgroups with better survival were
identified. Conclusion: No survival benefit from ASIs was
observed in BTC.

The local renin–angiotensin system (RAS) in association with
angiogenesis, cell proliferation, or fibrosis has been
intensively investigated as a potential target for cancer
treatment (1, 2). Increasing evidence has been reported
regarding better clinical outcomes in various cancer types
from the use of angiotensin system inhibitors (ASIs) (3-7). We
previously reported the use of ASIs was associated with better
survival in patients with advanced pancreatic cancer (8).

Although in biliary tract cancer (BTC) limited evidence is
available on the role of RAS, it is reportedly associated with
fibrosis, cancer incidence and survival in chronic liver
disease and hepatocellular carcinoma (9-11). The association
of RAS and intra- or extra-hepatic BTC was also suggested
(12-14). Therefore, we conducted this retrospective analysis
of 287 patients with advanced or recurrent BTC receiving
systemic chemotherapy in order to evaluate the role of
inhibition of RAS in BTC. 

Patients and Methods

Patients. Consecutive patients receiving first-line systemic
chemotherapy for advanced or recurrent BTC between February
2002 and May 2015 at the University of Tokyo Hospital were
retrospectively studied. Data on the use of ASIs, including
angiotensin I-converting enzyme inhibitors (ACEIs) or angiotensin
II type-1 receptor blockers (ARBs), and other medications were
retrospectively retrieved from the medical records. This study was
approved by the local Ethics Committee (no.1804). 

Treatment outcomes. Tumor response was assessed by computed
tomography (CT) using Response Evaluation Criteria In Solid Tumors
(RECIST) criteria (15). The evaluation was repeated every two
courses (every 6 to 12 weeks depending on the regimens), or more
frequently in patients with clinically suspected progression. Tumor
response, progression-free survival (PFS) and overall survival (OS)
were compared among patients with hypertension on ASIs (the ASI
group), patients with hypertension not on ASIs (the non-ASI with HT
group), and patients without hypertension (the non-HT group).

Statistical methods. PFS and OS were estimated using the Kaplan–
Meier method and compared using the log-rank test. The Chi-square
test or Fisher’s exact test was used to compare categorical variables.
The independent t-test or Mann–Whitney U-test was used to
compare continuous variables as appropriate. 

The univariate and multivariate Cox proportional hazard model
was performed to estimate hazard ratios (HRs) with 95% confidence
intervals (CIs) of prognostic factors for OS. In addition, interactions
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between the use of ASIs for each subgroup were tested with p<0.10
suggesting heterogeneity across subgroups for each factor. Potential
prognostic factors and subgroups for interaction included age (<69 or
≥69 years old); gender (male or female); performance status (PS, 0
or ≥1); tumor status (locally advanced, metastatic or recurrent
disease), tumor location (intrahepatic or non-intrahepatic); the
presence of metastasis in the liver, lung, peritoneum and lymph nodes
(yes or no); smoking (ever or never smokers); alcohol intake (<50
g/day or ≥50 g/day); carcinoembryonic antigen (CEA) (<5.8 or ≥5.8
ng/dl); carbohydrate antigen 19-9 (CA19-9) (<205 or ≥205 IU/l); the
use of calcium channel blockers (yes or no) and beta blockers (yes or
no); diabetes (yes or no), hyperlipidemia (yes or no); chronic liver
disease (yes or no); the use of statins (yes or no) and aspirin (yes or
no); and treatment protocol (monotherapy or combination therapy).
Age, CEA and CA19-9 were dichotomized by the median value of
each parameter. All reported p-values, other than p for interaction
described below, were the results of two-sided tests, with p<0.05
considered statistically significant. JMP software version 11.0 (SAS
Institute, Inc, Cary, NC, USA) was used for all statistical analyses.

Results
Patients. In total, 287 patients received first-line
chemotherapy for advanced or recurrent BTC between
March 2002 and May 2015 at The University of Tokyo
Hospital, with a median follow-up time of 9.3 months.
Administered regimens were gemcitabine monotherapy

(n=74), S-1 monotherapy (n=59), gemcitabine and cisplatin
(n=57), gemcitabine and S-1 (n=78) and gemcitabine, S-1
and leucovorin (n=19). Among 124 patients with
hypertension, 74 patients took ASIs: 61 ARBs and 13 ACEIs.
The other antihypertensive medications used in our study
population were calcium channel blockers (n=84) and beta
blockers (n=17). 

Patient characteristics of three groups are shown in Table
I. There were significant differences only in age and the
prevalence of diabetes and hyperlipidemia between the three
groups.

Treatment outcomes. In the total cohort of 287 patients with
advanced or recurrent BTC, the response rate was 13.6%
(95% CI=10.1-18.0%), and the median PFS and OS were 4.0
(95% CI=3.6-5.0) and 12.3 (95% CI=10.9-14.7) months,
respectively.

When three groups categorized by hypertension and the
use of ASIs were compared, there were no significant
differences in clinical outcomes. Response rates were 10.8%
(95% CI=5.6-19.9%), 14.0% (95% CI=7.0-26.2%) and
14.7% (95% CI=10.1-21.0%) in the ASI, non-ASI with HT
and non-HT groups (p=0.727), respectively. The median PFS
was 3.6 (95% CI=2.8-5.5) months, 3.9 (95% CI=1.9-6.7)
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Table I. Patient characteristics.

                                                              ASI group                                Non-ASI with HT group                          Non-HT group                     p-Value
                                                                 (n=74)                                                  (n=50)                                              (n=163)                                       

Age                                                        74 (21-88)                                            75 (55-92)                                         67 (25-89)                          <0.001
    Male/female                               46 (62%)/28 (38%)                             32 (64%)/18 (36%)                          95 (58%)/68 (42%)                     0.718
PS 0/1/2                                   33 (51%)/38 (51%)/3 (4%)                27 (54%)/20 (40%)/3 (6%)             74 (45%)/81 (50%)/8 (5%)              0.742
Tumor status                                                                                                                                                                                                              0.864
    Locally advanced                              14 (19%)                                              11 (22%)                                           26 (16%)                               
    Metastatic                                          40 (54%)                                              25 (50%)                                           87 (53%)                               
    Recurrent                                           20 (27%)                                              14 (28%)                                           50 (31%)                               
Tumor location                                                                                                                                                                                                          0.947
    Intrahepatic                                        29 (39%)                                              17 (34%)                                           54 (33%)                               
    Extrahepatic                                       19 (26%)                                              15 (30%)                                           52 (32%)                               
    Gallbladder                                        21 (28%)                                              16 (32%)                                           48 (29%)                               
    Ampulla                                               5 (7%)                                                  2 (4%)                                               9 (6%)                                 
Site of metastasis                                                                                                                                                                                                        
    Liver                                                   29 (39%)                                              14 (28%)                                           58 (36%)                             0.428
    Lung                                                   13 (18%)                                               7 (14%)                                            19 (12%)                             0.429
    Peritoneum                                         17 (23%)                                               8 (16%)                                            36 (22%)                             0.612
    Lymph nodes                                     29 (39%)                                              23 (46%)                                           85 (52%)                             0.177
Smoking                                                37 (50%)                                              19 (38%)                                           83 (51%)                             0.276
Alcohol (>50 g/day)                              13 (18%)                                                4 (8%)                                             17 (10%)                             0.203
Diabetes                                                 24 (32%)                                               9 (18%)                                            21 (13%)                             0.002
Hyperlipidemia                                      21 (28%)                                              12 (24%)                                             5 (3%)                             <0.001
Chronic liver disease                             10 (14%)                                               9 (18%)                                            16 (10%)                             0.275
CEA, ng/dl                                          6.6 (1-1921)                                          5.5 (1-460)                                     5.6 (0.8-7453)                         0.671
CA19-9, IU/l                                     258 (1-100800)                                   243 (1-106900)                                160 (1-196400)                        0.808

Numbers are shown either as absolute numbers (%) or median (range). ASI, Angiotensin system inhibitor; HT, hypertension; PS, performance status. 



months and 4.6 (95% CI=3.6-5.2) months and the median
OS was 11.6 (95% CI=8.4-18.0) months, 10.9 (95% CI=9.0-
17.9) months and 13.1 (95% CI=10.9-15.6) months in the
ASI, non-ASI with HT, and non-HT groups (p=0.668),
respectively. Kaplan–Meier curves of PFS and OS are shown
in Figure 1. 

The univariate and multivariate analyses of prognostic
factors for OS are shown in Table II. The use of ASIs was
not associated with OS (HR=1.00, p=0.975) in univariate
analysis. PS, lung metastasis and peritoneal dissemination
were found to be significant prognostic factors in the
multivariate analysis. The association of ASI use with OS
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Figure 1. a: Progression-free survival. The median progression-free survival was 3.6 months, 3.9 months and 4.6 months in the angiotensin system
inhibitor (ASI), non-ASI with hypertension (HT) and non-HT groups (p=0.495). b: Overall survival. The median overall survival was 11.6 months,
10.9 months and 13.1 months in the ASI, non-ASI with HT and non-HT groups (p=0.668).



was not significant even after matching with those patient
characteristics related to ASI use (age, diabetes and
hyperlipidemia), with an HR of 1.08 (p=0.647).

Cox proportional hazard analyses were then performed to
explore subgroups with better survival according to the use
of ASIs, but no subgroups associated with better survival
were identified (Table III). 

Discussion

There have been increasing reports on the association of
RAS with prognosis of patients with cancer, including
pancreatic cancer (8). In hepatocellular carcinoma, the
inhibition of RAS was also reported to be associated with
longer OS and recurrence-free survival after radiofrequency
ablation (11). Although the association of RAS with BTC
development and progression was suggested, especially in
intrahepatic BTC (12, 14), there have been no clinical studies
investigating the association of prognosis with the inhibition
of RAS. In this retrospective analysis of 287 patients
receiving chemotherapy for BTC, the inhibition of RAS was
not associated with better tumor response, PFS or OS. 

In our previous analysis of patients with advanced
pancreatic cancer (16), never-smokers, and those receiving
gemcitabine monotherapy were likely to show better
outcomes by use of ASIs. However, this exploratory analyses
in BTC failed to identify any subgroup which would benefit
from the inhibition of RAS. In addition, ex vivo experiments
suggested medications such as aspirin (17) and statins (18)
might have inhibitive effects on cancer development or
progression, but no interaction of aspirin or statins with ASIs
was identified. In advanced pancreatic cancer, prospective
studies (19, 20) failed to demonstrate additional effects of
ARB despite positive results in our retrospective study (8),
and it is possible that cancer developing in patients who have
been on ASIs might behave differently from cancer in
patients who start ASIs after cancer development. Subtyping
by gene-expression analysis (21), rather than by clinical
factors in our study, might be useful to identify any subgroup
which would benefit from the inhibition of RAS.

This study has certain limitations. Firstly, this was a
single-center, retrospective analysis. Secondly, our study
population was heterogeneous, including patients with
various sites of BTC with different disease stages, compared
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Table II. Univariate and multivariate analyses of prognostic factors for overall survival.

                                                                                                                              Univariate                                                          Multivariate

                                                                                                     HR                      95%CI                p-Value              HR                 95%CI            p-Value

Age                                            ≥69 Years                                 1.39                   1.06-1.82                0.016               1.22              0.92-1.60            0.166
Gender                                       Male                                          0.83                   0.63-1.08                0.161                                                                    
PS                                              0                                                0.54                   0.41-0.70               <0.001             0.51              0.38-0.68           <0.001
Tumor status                             Locally advanced                       1                                                                                1                                                 
                                                  Metastatic                                 1.62                   1.15-2.32                0.005               1.22              0.80-1.86            0.358
                                                  Recurrent                                  1.10                   0.74-1.63                0.649               0.98              0.62-1.54            0.921
Tumor location                         Gallbladder                                 1                                                                                1                                                 
                                                  non-gallbladder                        0.70                   0.53-0.93                0.015               0.78              0.57-1.06            0.111
Metastasis                                  Liver                                         1.37                   1.03-1.82                0.031               1.26              0.92-1.72            0.142
                                                  Lung                                         1.48                   1.00-2.12                0.048               1.56              1.04-2.28            0.032
                                                  Peritoneum                               1.43                   1.02-1.96                0.040               1.47              1.01-2.08            0.043
                                                  Lymph nodes                            1.34                   1.03-1.75                0.030               1.09              0.80-1.47            0.586
Smoking                                   Yes                                            0.90                   0.69-1.18                0.453                                                                    
Alcohol (>50 g/day)                                                                 0.98                   0.62-1.46                0.920                                                                    
Hypertension                                                                             1.09                   0.83-1.43                0.510                                                                    
ASIs                                                                                            1.00                   0.73-1.36                0.975                                                                    
Ca channel blockers                                                                   1.04                   0.77-1.39                0.791                                                                    
Beta blockers                                                                              0.94                   0.48-1.64                0.835                                                                    
Diabetes                                                                                      1.10                   0.78-1.53                0.572                                                                    
Hyperlipidemia                                                                           1.01                   0.67-1.46                0.970                                                                    
Chronic liver disease                                                                  1.30                   0.84-1.93                0.225                                                                    
CEA                                           ≥5.8 ng/dl                                 1.59                   1.21-2.07                0.001               1.27              0.94-1.70            0.107
CA19-9                                      ≥205 IU/l                                  1.45                   1.11-1.90                0.007               1.28              0.97-1.69            0.083
Monotherapy                                                                               1.19                   0.92-1.55                0.190                                                                    

ASI, Angiotensin system inhibitor; CEA, carcinoembryonic antigen; CA19-9: carbohydrate antigen19-9; CI: confidence interval; HR, hazard ratio;
PS, performance status.



with our previous report on advanced pancreatic cancer (8).
Therefore, the number of patients in subgroup analyses was
too small, and a large-scale study might identify some
subgroups which would benefit from ASIs. 

In conclusion, no survival benefits from the use of ASIs
were observed in patients receiving chemotherapy for
advanced or recurrent BTC in our retrospective analysis.
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