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Abstract 
Background:  Patients with advanced biliary tract cancers (BTCs) have poor prognoses and limited therapeutic options. Renin-angiotensin 
antagonists (ACE-I/ARBs), statins, and aspirin may have potential anti-tumorigenic effects and decrease mortality per retrospective analyses in 
some solid tumors.
Objective:  To evaluate the efficacy of ACE-Is/ARBs, statins, and/or aspirin concurrent to first-line systemic therapy in patients with advanced 
or metastatic BTC.
Methods:  Adult patients at University of Michigan with pathologic confirmation of BTC between January 2010 and December 2020 were 
included in this retrospective analysis.
Results:  Of 1140 patients who met eligibility, a total of 509 patients received one or more concomitant medication(s) of interest in conjunction 
with systemic therapy for advanced cancer. In the total cohort, the overall survival for locally advanced patients (N = 305) was 16.3 months (95% 
CI: 12.1-18.6), and metastatic patients (N = 512) 8.6 months (95% CI: 7.6-9.5); P < .0001. Within this concomitant medication cohort, patients 
with locally advanced stage (n = 132) experienced significantly longer progression-free survival (9.8 vs 4.5; P < 0.0001), and overall survival (17.4 
vs 10.6; P < 0.0001) than those with metastatic (n = 297) cancer, respectively. Patients who received ACE-Is/ARBs, statins, and/or aspirin (n = 
245) versus not (n = 264) concurrent with systemic anti-cancer therapy did not experience improved progression-free (5.5 vs 5.5 months; hazard 
ratio (HR) 1.1; P = 0.51), or overall survival (12.3 vs 12.6 months; HR 1.1; P = 0.18), respectively.
Conclusion:  In contrast to prior studies, no progression free or overall survival benefit in patients with advanced BTC from concurrent use 
of ACE-I/ARBs, statin, and/or aspirin with systemic therapy was observed when assessed by BTC subtype or specific systemic therapy 
regimen.
Key words: biliary tract neoplasms; cholangiocarcinoma; aspirin; angiotensin receptor antagonist; angiotensin-converting enzyme inhibitor; statin.

Implications for Practice
In contrast to prior studies, this study did not identify any survival benefit in patients who were prescribed blood pressure medications 
(ACE-I/ARBs class), aspirin, and/or statins in conjunction with systemic anti-cancer therapy for advanced or metastatic biliary tract cancer.

Introduction
Biliary tract cancers (BTCs) are uncommon and often fatal 
malignancies that develop from the biliary tract or gallblad-
der epithelium and are subtyped into intrahepatic cholan-
giocarcinoma (IHCCA), hilar cholangiocarcinoma (HCCA), 
distal cholangiocarcinoma (DCCA), and gallbladder cancer 
(GBCA). While these sub-categories were initially identified 
based on the anatomic location of the primary tumor, the 
molecular profiles of each subtype are now known to vary 
significantly, further highlighting the heterogeneity and signif-
icance of BTC subtypes.1-6

Surgery is the only potentially curable treatment modality 
and is preferred in patients with localized disease. Patients 
with advanced, unresectable BTC have poor prognoses and 
limited treatment options. Systemic therapy is considered 
standard of care for previously untreated BTC and often 
includes gemcitabine and cisplatin chemotherapy as estab-
lished by the phase III ABC-02 trial.7 A phase III randomized 
trial, S1815 that explored the potential benefit of the addition 
of nab-paclitaxel to gemcitabine and cisplatin8 reported no 
additional benefit in efficacy. Recently, the phase III TOPAZ-1 
trial reported a statistically significant improvement in 
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median overall survival (OS) with the addition of durvalumab 
to gemcitabine and cisplatin.9,10

Renin-angiotensin antagonists, statins, and aspirin are 
frequently used medications in patients for the manage-
ment of cardiovascular disease (CVD) and dyslipidemia. 
There is accumulating evidence to indicate these medications 
might have potential anti-tumorigenic effects. Specifically, 
the renin-angiotensin system (RAS) has been implicated in 
tumorigenesis, metastasis, and resistance to immunother-
apy in multiple malignancies.11-14 A key regulator of RAS, 
angiotensin-converting enzyme (ACE), has been shown to 
be upregulated in HCCA and DCCA.15 Additional studies 
have found that angiotensin II, a main effector molecule of 
RAS, promotes CCA tumor progression and that angiotensin 
II receptor blockers (ARBs) attenuate CCA growth.16-18 RAS 
is increasingly being considered a potential target for cancer 
treatment and indeed, retrospective studies in multiple malig-
nancies have observed survival benefit from concurrent use of 
RAS inhibitors such as ACE inhibitors (ACE-Is) or ARBs.19-26 
The use of concurrent ACE-Is or ARBs with chemotherapy 
was associated with improved median OS for patients with 
gastric and lung cancer receiving platinum-based therapy and 
reduced risk of both progression and death for pancreatic 
cancer patients receiving gemcitabine.22-25

Statins have also been shown to independently suppress 
the RAS pathway by reducing angiotensin II, its recep-
tors and intracellular signaling, as well as RAS-dependent 
oxidative stress and inflammation.27-31 In addition, statins 
have displayed anti-tumorigenic effects by destabiliz-
ing and degrading mutant p53 protein in multiple tumor 
types.32-34 A pilot clinical trial assessing the efficacy of 
statins in reducing the level of mutant p53 in tumor tissue 
is ongoing.35 In BTC, statins have been shown to sensitize 
GBCA cells to cisplatin, enhance anti-tumor effects of gem-
citabine, induce CCA apoptosis, and inhibit CCA cellular 
proliferation.36-40 A retrospective analysis of 394 EHCCA 
patients observed that 28 DCCA patients who took statins 
experienced longer survival.41

Aspirin has also been shown to suppress RAS by lower-
ing plasma renin activity.42,43 Aspirin use may elicit other 
anti-cancer effects via downregulation of the COX-1, COX-2 
enzymes and BCL2 gene expression, and upregulation of 
tumor-suppressor protein p53 and DNA mismatch repair 
proteins.44-51 The CAPP2 randomized, placebo-controlled 
trial found aspirin significantly protects mismatch repair- 
deficient Lynch syndrome patients against developing colorec-
tal cancer.52 Aspirin has been shown to improve survival for 
breast, bladder, and colorectal cancer patients and, in BTC, to 
inhibit CCA cellular proliferation and promote apoptosis.45,53-55  
Retrospective, epidemiologic studies of 16,057 and 2,934 
BTC patients found aspirin decreased the risk of BTC mortal-
ity and increased survival.56,57

Prior reports in BTC, however, have had several method-
ological limitations. First, studies investigated the impact of 
independent ACE-I/ARB, aspirin or statins use on incidence 
or mortality, even though these medications are commonly 
co-prescribed due to the inter-relationship of cardiovascular 
disease and dyslipidemia. Second, a majority of the studies 
do not account for the impact of disease stage, anatomic sub-
type, surgical resection and use of concomitant anti-cancer 
systemic therapy. As such, the lack of these covariates may 
lead to over-estimation of the anti-cancer effect of these med-
ications in BTC.

In this context, the aim of our investigation was to evaluate 
the association of ACE-I/ARBs, aspirin and/or statins in com-
bination with systemic anti-cancer therapy in patients with 
advanced or metastatic BTC.

Methods
Study Design and Cohort Identification
This single-center, retrospective cohort study was approved 
by the institutional review board (HUM00149617) at the 
University of Michigan. Informed consent was not required 
due to the retrospective nature and minimal risk of the study. 
All patients aged 18 years and older with a pathologic diag-
nosis of BTC at the University of Michigan Health System 
between January 2010 and December 2020 were included 
(Figure 1).

Data Collection
Patient demographics, comorbidities, disease characteristics, 
and treatment were collected using DataDirect, Electronic 
Medical Record Search Engine (EMERSE), and manual review 
of electronic medical records (EMRs).58 Public databases were 
reviewed for survival data. Disease stage at diagnosis, at the start 
of first-line systemic therapy, and progression data were collected 
from EMR notes as established by the treating physician, multi- 
disciplinary tumor board evaluation, and/or radiologist. Patients 
were considered resectable at diagnosis if they were judged able 
to undergo resection with curative intent prior to systemic ther-
apy. If patients were recommended upfront systemic therapy at 
diagnosis, they were either staged as locally advanced or meta-
static based on clinician judgment. Patients were considered to 
have recurrent disease if cancer recurred after a curative resec-
tion. Simple cholecystectomy alone for incidental GBCA was not 
considered curative resection.

Comorbidity status was collected for diabetes, hyperten-
sion, dyslipidemia, chronic kidney disease, and CVD. The 
latter included arrhythmias, atherosclerosis, congenital heart 
disease, coronary artery disease, deep vein thrombosis, pul-
monary embolism, heart failure, cardiomyopathy, pericardial 
disease, stroke, and vascular disease.

ACE-I, ARB, statin, and/or aspirin use concurrent with first-
line systemic therapy given for advanced cancer was based on 
administration dates recorded in the EMR. First-line systemic 
therapy regimens for advanced disease were grouped as con-
taining gemcitabine, 5-fluorouracil, platinum, immunother-
apy, or other drugs (including taxanes and targeted therapies, 
among others).

Statistical Analysis
Progression-free survival (PFS) was calculated as the time 
from the start of systemic therapy for advanced disease to the 
date of clinical/radiologic progression or death, or censored 
at their last date of contact in the EMR. Overall survival (OS) 
was defined as the time from the date of pathologic diagnosis 
to death, unless otherwise specified, or censored at last con-
tact if still alive or lost to follow-up.

Survival probabilities, PFS and OS, were estimated using 
the Kaplan-Meier method and compared using the log-rank 
test. Categorical variables were described using the χ2-test 
or Fisher’s exact test. Continuous variables were assessed 
with the Mann-Whitney U-test or the Kruskal-Wallis test. 
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Univariate and multivariate analyses were completed using 
Cox proportional hazards regression model. Univariate anal-
yses were completed for the whole BTC group and within 
IHCCA, HCCA, DCCA, and GBCA subtypes. Prognostic fac-
tors from univariate analyses of BTC or IHCCA were included 
in multivariate models for BTC, IHCCA, HCCA, and GBCA 
subtypes if represented by at least 10 patients and deemed 
clinically relevant and/or statistically significant (P < .05). 
Comorbidities potentially prompting the use of ACE-I, ARB, 
statin, or aspirin were included in multivariate models as 
clinically appropriate. Univariate mixed cholangiocarcinoma- 
hepatocellular carcinoma (CCA-HCC) and multivariate 
DCCA and CCA-HCC models were not assessed due to lim-
ited cohort sizes and subtype-specific concurrent medication 
groups considered unevaluable if fewer than 20 patients 
received the concurrent medication.

To assess the effects of concomitant medication(s) both inde-
pendently of and in combination with each systemic anti-cancer 
therapy group, all potential combinations of concurrent medica-
tions (ACE-I, ARBs, statins, aspirin, ≥1 medication) and systemic 
therapy were modeled for PFS and OS assessment. The multivar-
iate models assessing concurrent ACE-I or ARBs accounted for 
CVD, CKD, hypertension, and diabetes. Models evaluating sta-
tin use included CVD and dyslipidemia, and aspirin-containing 
models were adjusted for CVD, hypertension, diabetes, and dys-
lipidemia. Models assessing the use of one or more ACE-I, ARB, 
statin, and/or aspirin accounted for all comorbidities. Statistical 
analyses were conducted using SAS Version 9.4 (SAS Institute 
Inc., Cary, NC, USA).

Results
Patient Population
A total of 1140 patients had a confirmed pathologic diagnosis 
of BTC between January 2010 and December 2020 at the 

University of Michigan. The median (range) age at diagno-
sis was 65 years (20-92) and included 536 women (47.0%). 
Most patients were Caucasian (N, %) (947, 83.1%), non- 
Hispanic or Latino (952, 83.5%), and had IHCCA subtype 
(571, 50.1%). Metastatic disease at diagnosis was more com-
mon than other stages (512, 44.9%) and most patients did 
not undergo resection (798, 70.0%). A majority of patients 
had hypertension (719, 63.1%), while 381 patients had CVD 
(33.4%), 290 had diabetes (25.4%), 314 had dyslipidemia 
(27.5%), and 135 had CKD (11.8%). Age, gender, race, stage 
at diagnosis, resection status, diabetes, and hypertension dif-
fered significantly between BTC subtypes (P < 0.05); Table 1.

Patients who received systemic therapy for advanced can-
cer at diagnosis or recurrence and had available therapy 
records (509), were included in the concurrent medication 
cohort analysis; Table 2 and Supplementary Table S1. This 
cohort had a median (range) age at diagnosis of 62 years 
(20-86) and included 240 women (47.2%). Overall, the con-
current medication cohort (Supplementary Table S1) was 
similar to the entire BTC population (Table 1) with respect 
to gender, diabetes, dyslipidemia, CDK, and hypertension; 
however, the concurrent medication cohort varied slightly 
but significantly from the entire BTC population in race 
(85.7% vs. 81.0% Caucasian, P = .04), ethnicity (90.6% 
vs. 77.8% Non-Hispanic, P < .0001), included a higher 
percentage of patients with IHCCA (58.6% vs.43.3%, P 
< .0001), a lower percentage of resected patients (22.6% 
vs. 36.0%, P < .0001), and encompassed slightly younger 
patients at diagnosis (62 vs. 65 mean age at diagnosis, P < 
.0001). CVD was less prevalent in the concurrent medica-
tion (36.7% vs. 30.7%, P = .03). Again, most patients were 
Caucasian (N, %) (436; 85.7%), non-Hispanic or Latino 
(461; 90.6%), and had IHCCA (298; 58.5%). Most had 
metastatic disease at diagnosis (297; 58.3%) and did not 
undergo resection (394, 77.4%). Many had hypertension 

Figure 1. Flow diagram of cohort selection.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad063#supplementary-data
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(308, 60.5%), while 187 had CVD (36.7%), 120 had dia-
betes (23.6%), 131 had dyslipidemia (25.7%), and 65 had 
CKD (12.8%). Gender, stage at diagnosis, and resection sta-
tus were significantly different between BTC subtypes.

The majority of the concurrent medication cohort received 
first-line systemic regimens containing gemcitabine (417, 
81.9%) and were not using an ACE-I, ARB, statin, or aspi-
rin concurrently with systemic therapy (264, 51.9%); Table 2 
and Supplementary Table S1. ACE-Is were used concurrently 
with systemic therapy in 106 (20.8%), ARBs in 49 (9.6%), 
statins in 111 (21.8%), and aspirin in 109 (21.4%) patients. 
Women, younger patients, and those without comorbidities 
were significantly less likely to receive ACE-I, ARB, statin, 
and/or aspirin with systemic therapy; Table 2.

Survival Outcomes
Entire BTC cohort (N = 1140)
Median OS for all treated and untreated BTC patients was 
14.4 months (95% confidence interval (CI): 13.2-16.0). The 
median OS of patients deemed resectable at diagnosis (N = 
323) was 37.1 months (95% CI: 33.1-39.9), locally advanced 
patients (N = 305) 16.3 months (95% CI: 12.1-18.6), and 
metastatic patients (N = 512) 8.6 months (95% CI: 7.6-9.5); 

Figure 2A. The median OS in unresected BTC patients (N 
= 798) by anatomic subtype was: IHCCA (N = 422) 10.9 
months (95% CI: 9.2-11.9), HCCA (N = 157) 9.2 months 
(95% CI: 6.0-11.4), DCCA (N = 30) 11.3 months (95% CI: 
6.6-21.9), GBCA (N = 171) 8.4 months (5.7-9.9), CCA-HCC 
(N = 18) 11.1 months (95% CI: 7.3-22.6); Figure 2B.

Upfront systemic therapy (N = 837)
Unresected patients who received no therapy (N = 194) 
experienced a median OS of 2.6 months (95% CI: 2.1-3.0). 
Patients treated with upfront systemic therapy for a new 
diagnosis of advanced disease (N = 429) and with available 
treatment records had a median OS of 14.0 months (95% CI: 
12.9-15.9); Figure 2C.

Upfront resection (N = 303)
Patients treated with upfront resection who had no docu-
mented recurrence or were lost to follow-up (N = 156) had 
a median OS of 98.2 months (95% CI: 59.8-129.1). Patients 
with documented recurrence but no subsequent palliative sys-
temic therapy (N = 37) showed a median OS of 29.3 months 
(95% CI: 16.2-39.2); those with documented recurrence but 
missing records of subsequent systemic therapy (N = 30) expe-
rienced a median OS of 29.8 months (95% CI: 20.8-38.3). 

Table 1. Patient characteristics of BTC cohort and subtypes.

Characteristic Total (N = 1140) IHCCA (N = 571) HCCA (N = 209) DCCA (N = 88) GBCA (N = 249) CCA-HCC (N = 23 P-value† 

Median age, years, 
range

65 (20-92) 63 (20-90) 66 (27-92) 67 (33-91) 67 (27-92) 64 (21-78) .0003

Gender (F/M) 536/604 256/315 94/115 28/60 151/98 7/16 <.0001

Race .01

 � African  
American

75 33 13 0 28 1

 � Asian 23 7 6 1 9 0

 � Caucasian 947 488 173 78 187 21

 � Other/unknown 95 43 17 9 25 1

Ethnicity .12

 � Hispanic 25 12 4 1 7 1

 � Non-Hispanic 952 486 172 65 208 21

 � Unknown 163 73 33 22 34 1

Stage at diagnosis <.0001

 � Resectable 324 135 42 60 79 7

 � Locally  
advanced 

304 142 88 15 52 8

 � Metastatic 512 294 79 13 118 8

Resected <.0001

 � Yes 342 149 52 58 78 5

 � No 798 422 157 30 171 18

Comorbidities*

 � CVD 381 185 65 38 83 10 .23

 � Diabetes 290 140 47 22 68 13 .01

 � Dyslipidemia 314 144 60 33 70 7 .19

 � CKD 135 68 22 7 32 6 .18

 � Hypertension 719 360 129 64 146 20 .02

*Groups are not mutually exclusive and should not necessarily sum to the row or column total. 
†P-value compares biliary tract cancer subtypes, thereby describing variation between BTC subtypes.
Abbreviations: CCA-HCC, mixed cholangiocarcinoma and hepatocellular carcinoma; CKD, chronic kidney disease; CVD, cardiovascular disease; DCCA, 
distal cholangiocarcinoma; HCCA, hilar cholangiocarcinoma; IHCCA, intrahepatic cholangiocarcinoma; GBCA, gallbladder carcinoma.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad063#supplementary-data
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Patients with documented recurrence with available records 
of systemic therapy (N = 80) experienced a median OS of 
29.9 months (95% CI: 25.2-35.6; Figure 2D).

Concurrent medication cohort (N = 509)
A total of 509 patients who received systemic therapy for new 
or recurrent advanced cancer and had available treatment 

Table 2. Patient characteristics of concurrent medication cohort by concurrent ACE-I/ARB, statin, and/or aspirin.

Characteristic Total (N = 509) One or more concurrent medication of interest
(N = 245)

None (N = 264) P-value†

ACE* ARB* Statin* Aspirin*

(N = 106) (N = 49) (N = 111) (N = 109)

Median age, years (range) 62 (20-86) 64 (35-79) 65 (46-86) 66 (37-86) 66 (46-86) 59 (20-84) <.0001

Gender (F/M) 240/269 43/63 26/23 44/67 41/68 136/128 .04

Race .28

 � African American 35 8 5 7 6 20

 � Asian 7 0 0 0 1 6

 � Caucasian 436 92 41 95 96 223

 � Other/unknown 31 6 3 9 6 15

Ethnicity .06

 � Hispanic 11 1 3 2 1 5

 � Non-Hispanic 461 101 45 104 101 233

 � Unknown 37 4 1 5 7 26

Type of cancer .85

 � IHCCA 298 62 33 55 65 150

 � HCCA 79 16 3 21 18 45

 � DCCA 27 5 3 6 7 13

 � GBCA 97 20 10 27 17 52

 � Mixed CCA-HCC 8 3 0 2 2 4

Stage at diagnosis .59

 � Resectable 80 15 9 16 21 39

 � Locally advanced 141 24 10 35 31 78

 � Metastatic 288 67 30 60 57 147

Resected .26

 � Yes 115 19 9 20 25 199

 � No 394 87 40 91 84 65

Stage at first-line systemic therapy start .45

 � Locally advanced 132 22 9 31 29 74

 � Metastatic 297 67 31 63 60 152

 � Recurrent 80 17 9 17 20 38

Comorbidities*

 � CVD 187 44 26 68 55 72 <.0001

 � Diabetes 120 44 22 51 41 26 <.0001

 � Dyslipidemia 131 44 22 65 50 34 <.0001

 � CKD 65 21 11 27 21 19 <.0001

 � Hypertension 308 101 45 90 86 107 <.0001

First-line systemic therapy included*

 � Gemcitabine 417 93 44 96 94 209 .09

 � Fluoropyrimidine 103 19 10 26 21 57 .43

 � Platinum 393 77 41 85 82 211 .13

 � Immunotherapy 34 11 2 5 5 17 .82

 � Other 52 14 4 10 11 20 .04

*Groups are not mutually exclusive and should not necessarily sum to the row or column total.
†P-value compares patients who took one or more medications versus none.
Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCA-HCC, mixed cholangiocarcinoma and 
hepatocellular carcinoma; CKD, chronic kidney disease; CVD, cardiovascular disease; DCCA, distal cholangiocarcinoma; HCCA, hilar cholangiocarcinoma; 
IHCCA, intrahepatic cholangiocarcinoma; GBCA, gallbladder carcinoma.
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records were included in the concurrent medication cohort 
analysis. OS was calculated as the time from the start of sys-
temic therapy to death in the concurrent medication category. 
The variables age, gender, and disease stage at the start of 
therapy met inclusion standards and were included in multi-
variate models.

No difference in PFS (5.5 vs 5.5 months; HR 1.1; 95% CI: 
0.9-1.3; P = 0.51) or OS (12.3 vs 12.6 months; HR 1.1; 95% 
CI; 0.9-1.4; P = 0.18) was observed for patients who received 
one or more concurrent RAS-affecting medications versus 
those who did not in univariate analyses; Table 3 and Figure 3 
with additional details in Supplementary Table S2. Similarly, 
no significant differences in PFS or OS were observed in mul-
tivariate analyses; Figure 4.

Patients who received concurrent statins experienced 
shorter OS (HR 1.3; 95% CI: 1.0-1.6; P = 0.04) in univar-
iate analysis; however, after adjusting for age, gender, stage 

at therapy start, and relevant comorbidities, statins were no 
longer significantly associated with OS (HR 1.1, 95% CI: 
0.9-1.5; P = 0.31); Table 3. Aspirin use was not significantly 
associated with PFS (5.5 vs 5.5 months; HR 1.2; 95% CI: 0.9-
1.5; P = 0.25) or OS (12.3 vs 12.6 months; HR 1.1; 95% CI: 
0.9-1.4; P = 0.25) in our cohort.

Discussion
This retrospective study is the first to assess the efficacy of con-
current ACE-Is/ARBs, statin, and/or aspirin in combination 
with first-line systemic therapy for advanced BTC patients 
to our knowledge. Per our literature review, this is also the 
largest retrospective advanced BTC cohort in the literature 
with both OS and PFS data reported.41,56,57,59-75 No survival 
benefit was observed from these concomitant medications 
independent of or in combination with any specific regimen 
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Figure 2. Biliary tract cancer survival analysis by stage at diagnosis, anatomic subtype, and therapy status. A. All biliary tract cancer (BTC) patients (N 
= 1140) by stage at diagnosis: resectable patients experienced a median OS of 37.1 months (95% CI: 33.1-39.9); locally advanced patients (N = 305) 
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(95% CI: 8.4-11.9); upfront systemic therapy (N = 429) 14.0 months (95% CI: 12.9-15.9); P < 0.0001. 2D. Upfront resection patients (N = 303): resected 
patients who recurred and received no systemic therapy (N = 37) 29.3 months (95% CI: 16.2-39.2); recurred and are missing therapy data (N = 30) 29.8 
months (95% CI: 20.8-38.3); recurred and received systemic therapy (N = 80) 29.9 months (95% CI: 25.2-35.6); did not recur or were lost to follow-up 
(N = 156) 98.2 months (95% CI: 59.8-129.1); P < 0.0001. Adv, advanced; CCA-HCC, mixed cholangiocarcinoma and hepatocellular carcinoma; DCCA, 
distal cholangiocarcinoma; HCCA, hilar cholangiocarcinoma; IHCCA, intrahepatic cholangiocarcinoma; GBCA, gallbladder carcinoma.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad063#supplementary-data
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for patients with advanced BTC or within any subtype. While 
our univariate analysis indicated that statin users experienced 
shorter OS, it was not significant after adjustment for covari-
ates such as age, gender, disease stage, and relevant comorbid-
ities in multivariate analysis.

The major strengths of this study include (a) evalua-
tion of separate and combined use of ACE-I/ARBs, aspirin 

and statins; (b) a relatively large sample size of consecutive 
patients with pathologically confirmed advanced BTC with 
a balance of medication users and non-users; (c) adjustment 
for multiple covariates including disease stage, resection sta-
tus and anatomic subtype; (d) accounting for the impact of 
concurrent systemic anti-cancer therapy and reporting PFS in 
addition to OS; and (e) reliable data collection on medication 

Table 3. Univariate and multivariate analysis: impact of concomitant medication(s) of interest and systemic anti-tumor therapy on survival in patients 
with advanced BTC.

Characteristic Concurrent medication None (N = 264)

ACE-I*

(N = 106)
ARB*

(N = 49)
ACE-I or ARB*

(N = 152)
Statin*

(N = 111)
Aspirin*

(N = 109)
One or more*

(N = 245)

Univariate

Progression-free survival

 � Median (months) 5.4 5.6 5.5 5.5 5.5 5.5 5.5

 � HR, (95% CI) 0.9 (0.7-1.1) 1.1 (0.8-1.6) 0.9 (0.7-1.2) 1.1 (0.9-1.4) 1.2 (0.9-1.5) 1.1 (0.9-1.3) 0.9 (0.8-1.2)

 � P-value† .26 .47 .55 .52 .25 .51

Overall survival

 � Median (months) 11 12.3 12.1 12.1 12.3 12.3 12.6

 � HR, (95% CI) 0.9 (0.8-1.2) 1.3 (0.9-1.8) 1.1 (0.9-1.3) 1.3 (1.0-1.6) 1.1 (0.9-1.4) 1.1 (0.9-1.4) 0.9 (0.7-1.1)

 � P-value† .89 .12 .48 .04 .25 .18

Multivariate

Progression-free survival

 � HR, (95% CI) 0.8 (0.6-1.1) 1.9 (0.7-1.6) 0.8 (0.7-1.1) 1.1 (0.8-1.4) 1.1 (0.8-1.4) 1.0 (0.8-1.2) 1.0 (0.8-1.3)

 � P-value† .16 .66 .23 .60 .49 .82

Overall survival

 � HR, (95% CI) 0.9 (0.7-1.2) 1.2 (0.8-1.6) 1.0 (0.8-1.3) 1.1 (0.9-1.5) 1.1 (0.8-1.4) 1.0 (0.8-1.3) 1.0 (0.8-1.2)

 � P-value† .65 .36 .97 .31 .61 .76

*Groups are not mutually exclusive and should not necessarily sum to the row or column total.
†P-value compares patients who did or did not receive a concurrent medication of interest.
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BTC, biliary tract cancer; CI, confidence interval; HR, 
hazard ratio.
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Figure 3. Kaplan-Meier progression-free and overall survival curves in patients with advanced BTC in the concurrent medication cohort. A. PFS. Median 
PFS was 5.5 months (95% CI: 4.5-6.7) and 5.5 months (95% CI: 4.6-6.5) for those who did and did not, respectively, receive an ACE-inhibitor, ARB, 
statin, and/or aspirin concurrently with 1st line systemic therapy (HR 1.1; 95% CI: 0.9-1.3; P = 0.51). B. OS. Median OS 12.3 months (95% CI: 10.5-13.8) 
and 12.6 months (95% CI: 11.2-15.4) for those who did and did not, respectively, receive an ACE-inhibitor, ARB, statin, and/or aspirin concurrently with 
systemic therapy (HR 1.1; 95% CI; 0.9-1.4; P = 0.18). P-values displayed on plots are from log rank comparison of the Kaplan-Meier curves. OS defined 
as the time from therapy start to death. The following HRs, 95% CIs, and P-values are from univariate analysis; N = 509.
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use through manual medication reconciliation at each visit, 
and not limited to prescription tracking, use of aspirin or 
missed prescriptions via an alternate provider.

{Cho, 2017 #618}A retrospective study of 394 EHCCA 
patients had reported improvement in the survival of 28 
patients with DCCA with the use of statin but the study 
did not account for other relevant survival variables such 
as disease stage, systemic therapy, or resection status.41 Two 
additional retrospective BTC studies observed a lower risk 
of BTC-specific death and extended survival in aspirin users, 
but neither assessed PFS or accounted for important survival 
variables describing disease stage and chemotherapy.56,57 The 
research letter describing a large retrospective study of 2,934 
patients with BTC in the UK reported aspirin use was signifi-
cantly associated with improved OS.57 However, the study did 
not account for cancer stage, treatment and resection status, 
and as previously reported, included a high survival censor-
ship in the aspirin-using group in addition to using a data-
base enriched with younger patients.57,76,77 A follow-up study 
assessed only BTC-specific mortality and did not consider 
specifics of disease stage or chemotherapy overlap.56 Another 
large retrospective study of 795 BTC patients from Canada 
reported no significant benefit of statin or aspirin on recur-
rence free or overall survival, although the effect of chemo-
therapy was not studied and study spanned 26 years during 
which standard of care therapy has significantly changed.78 
A smaller study from Japan of 287 patients reported lack of 
survival benefit from concurrent ACE-Is and ARBs but nei-
ther aspirin nor statins were assessed; BTC subtype, systemic 
therapy regimens, race, and ethnicity were also not included 
in analysis.65 In comparison to these assessments, our current 
study accounts for all these factors and provides a clinically 

focused assessment in a large, real-world patient population. 
This study has low survival censorship and variation (1.5-
7.9%) between medication users and non-users.

This study also highlights real-world outcomes of patients 
with BTC when accounting for stage, resection status and 
receipt of anti-cancer systemic therapy. We highlight the 
improved outcome of patients with locally advanced stage in 
median PFS (N = 132) and OS (N = 304) values of 9.8 months 
(HR (95% CI): 0.50 (0.38-0.66); P < .0001) and 16.3 months 
(HR (95% CI): 0.57 (0.46-0.71); P < .0001), respectively, in 
comparison to patients with metastatic cancer. Our data also 
indicate that first-line therapy containing gemcitabine is inde-
pendently associated with significantly improved PFS compared 
to non-gemcitabine containing regimens (HR (95% CI): 0.73 
(0.55-0.96), P = 0.02). In our advanced BTC cohort, female 
gender was associated with a trend toward improved survival. 
Interestingly, females with IHCCA experienced significantly 
longer median PFS and OS (6.0 vs 4.1 months, P = 0.04; 13.4 
vs 10.5 months, P = 0.02, respectively) but gender-based differ-
ences were not observed across other subtypes. Multiple studies 
support that females with IHCCA experience longer survival 
but not in general BTC or other subtypes.62,65,75,79-85 A retrospec-
tive study in 104 BTC patients in Brazil did observe that women 
with BTC experienced longer OS but over half of the cohort 
had IHCCA.67

Several limitations to this study should be noted. While we 
used a large real-world BTC dataset with both PFS and OS data, 
it remains a retrospective single-center study. Additionally, we 
did not evaluate dose- and duration-response relationships, thus 
potentially diluting survival benefit of higher dose or longer term 
use. Data were abstracted from EMR which may not reflect 
accurate data if not updated, although per Cancer Center policy 
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Figure 4. Forest plots depicting variables of interest impacting progression-free and overall survival in BTC in multivariate analysis. Receipt of one or 
more concurrent medication of interest was not statistically significant in multivariate analysis for either A. PFS (HR 0.87; 95% CI: 0.70-1.25; P = 0.82), 
or B. OS (HR 1.04; 0.83-1.30; P = 0.76).
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medication reconciliation is completed at each visit. While this 
cohort provides data on concurrent medications and systemic 
anti-cancer therapy for BTC patients in a western population, a 
majority of these patients were non-Hispanic and white and thus 
this work does not fully assess effects in African American, Asian, 
or Hispanic populations. Similar analyses in these populations 
should be explored as CCA mortality and OS have been shown 
to vary by race and ethnicity.85-88 We did not include tumor and/
or pharmacogenomic alteration data in our analyses, but this 
should be a future consideration, exemplified by patients with 
wild-type PIK3CA, Lynch syndrome and KRAS-mutated col-
orectal cancers experiencing survival benefit from aspirin.54,89,90

Conclusion
The present study suggests no survival benefit in patients 
with advanced biliary cancer from concomitant use of ACE-I/
ARBs, aspirin and/or statin with chemotherapy, generally or 
when analyzed by disease subtype and in combination with 
specified systemic therapies.
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