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Background/Aims: Bisphosphonates are increasingly recognized for their anti-neoplastic prop-
erties, which are the result of their action on the mevalonate pathway. Our primary aim was to 
investigate the association between bisphosphonate use and survival in patients with pancreatic 
cancer. Since statins also act on the mevalonate pathway, we also investigated the effect of the 
combined use of bisphosphonates and statins on survival. 
Methods: The Surveillance, Epidemiology, and End Results registry (SEER)-Medicare linked 
database was used to identify patients with pancreatic ductal adenocarcinoma (PDAC) between 
2007 and 2015. Kaplan-Meier models were used to examine the association between survival 
with bisphosphonate use alone and in combination with statins within 1 year prior to the diagnosis 
of PDAC. Propensity score matching analysis and Cox-proportional hazard models were used to 
determine the association between overall survival with bisphosphonate use alone and combined 
with statins, after adjusting for relevant confounders, such as the Charlson comorbidity index 
score, stage, treatment, sociodemographic characteristics, and propensity score.
Results: In total, 13,639 patients with PDAC were identified, and 1,203 (8.82%) used bisphos-
phonates. There was no difference in the mean survival duration between bisphosphonate users 
(7.27 months) and nonusers (7.25 months, p=0.61). After adjustment for confounders, bisphos-
phonate use was still not associated with improved survival (hazard ratio, 1.00; 95% confidence 
interval, 0.93 to 1.08; p=0.96). Combined bisphosphonate and statin use was also not associated 
with improved survival (hazard ratio, 0.97; 95% confidence interval, 0.87 to 1.07; p=0.48) after 
adjustment for confounders.
Conclusions: Our findings suggest that the use of bisphosphonates, whether alone or in com-
bination with statins, does not confer a survival advantage in patients with PDAC. (Gut Liver 
2021;15:782-790)

Key Words: Pancreas; Survival; Bisphosphonate; Statin

INTRODUCTION

Pancreatic cancer is the 4th leading causing of cancer 
mortality in the United States, with a bleak 5-year survival 
of 8%.1,2 The mortality from pancreatic cancer is high since 
most patients have advanced unresectable disease at the 
time of initial diagnosis.2 Given poor outcomes, there has 
been increased focus on determining if common pharma-
ceutical agents may play a role in pancreatic cancer preven-
tion and survival.3

Bisphosphonates are a class of medications that pro-
mote bone integrity. Traditionally, bisphosphonates have 
been used to treat osteoporosis; however, they are now 
recognized as having wide reaching anti-neoplastic prop-
erties. Preclinical trials have shown that bisphosphonates 
inhibit cancer cell growth, invasion, and migration, and 
induce cancer cell apoptosis in a wide range of cancers.4-7 
Observational studies have shown that bisphosphonate use 
reduces the risk of acquiring breast and colorectal cancer,8,9 
and clinical trials in breast cancer patients have shown a 
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role of bisphosphonates as adjuvant therapy.10,11 Only two 
observational studies have investigated the relationship be-
tween bisphosphonates use and risk of pancreatic cancer, 
with heterogenous results.12,13 Currently, there have been 
no studies assessing if bisphosphonate use in patients with 
pancreatic cancer impacts survival.

One proposed mechanism is that bisphosphonates 
inhibit the activity of farnesyl diphosphate synthase, an 
enzyme in the mevalonate pathway, which subsequently 
blocks the downstream signaling of the small G proteins 
Ras and Rho that are necessary for tumorigenesis,4,14 and 
are commonly associated with pancreatic tumors.15 Anoth-
er group of medications, statins, also act on this pathway 
by inhibiting hydroxy-3-methyl-glutaryl-coenzyme A re-
ductase, preventing the synthesis of mevalonic acid, which 
is upstream to Ras and Rho.16 A recent meta-analysis of 
five studies found that statin use prior to pancreatic cancer 
diagnosis and continued use after diagnosis leads to im-
proved survival when compared to nonusers.17 As statins 
and bisphosphonates both operate on the mevalonate path-
way, the two medications may act synergistically to pre-
vent tumorigenesis. In vitro studies of human pancreatic 
cancer cell lines have shown anti-proliferative effects when 
bisphosphonate and statins were combined.18,19 Addition-
ally, a 2017 observational study found an improvement in 
cancer survival in patients who used both bisphosphonates 
and statins, though this study was not powered to assess 
the effect in the subgroup of patients with pancreatic can-
cer.20 

Thus, our study used a large national cancer database in 
order to investigate whether bisphosphonate use improves 
survival among patients with pancreatic cancer. As a sec-
ondary aim, we also investigated whether bisphosphonate 
use combined with statin use impacts survival in pancre-
atic cancer.

MATERIALS AND METHODS

1. Data acquisition 
Data was acquired from the Surveillance, Epidemiol-

ogy, and End Results (SEER)-Medicare linked registry. The 
SEER and Medicare linkage combines two large popula-
tion-based sources of data that includes information about 
patients with cancer who are covered by Medicare health 
insurance. The SEER registry consists of patient informa-
tion pertaining specifically to cancer diagnosis, treatment 
and survival from across the United States. Claims from 
Medicare consist of data from patients aged 65 years and 
older who have health insurance through Medicare, and 
includes data regarding inpatient and outpatient services, 

(Part A and Part B) as well as prescription drug coverages 
(Part D). 

2. Patient population and medication usage
We identified patients in the SEER-Medicare linkage 

who were aged 65 years and older and who were diagnosed 
with pancreatic ductal adenocarcinoma (PDAC) between 
2007 and 2015 and who had claims data through 2017 (Fig. 
1). Our sample was limited to this time range since Medi-
care Part D coverage was only available starting from 2007. 
We next limited our sample to patients with only one pri-
mary cancer so as to prevent any possible confounding ef-
fect of having additional lesions. Only patients with PDAC 
confirmed by histology were included to ensure accuracy 
of diagnosis. Adenocarcinoma specific histology codes 
used included 8000, 8010, 8140, 8500, 8550, and 8560 as 
specified by the International Classification of Diseases for 
Oncology, 2nd edition (ICD-O-2). Patients with diagnosed 
PDAC at time of death or on autopsy were excluded in or-
der to determine the effect of treatment on survival. 

In order to ensure all Medicare claims data were cap-
tured, we eliminated patients with missing claims data. 
We excluded patients without Medicare Part A and B and 
those who were enrolled in health maintenance organiza-
tion from the period of 1 year prior to pancreatic cancer 
diagnosis through time of death or end of available data 
(12/2017). We then limited our sample to patients who 
were covered by Medicare Part D, which we defined as at 
least 1 month of Part D coverage within 12 months prior 
to the diagnosis of pancreatic cancer. This study was ap-
proved by the Icahn School of Medicine at Mount Sinai’s 
Institutional Review Board (IRB number: 19-02095) and 
by SEER-Medicare. Written informed consent was waived. 

3. Sociodemographic and clinical variables
The SEER-Medicare linkage was used to obtain sociode-

mographic characteristics and clinical data. Sociodemo-
graphic data included age at time of cancer diagnosis, sex, 
marital status, race, and income. Income was identified by 
linking patients’ zip code to census data which specified 
average income per household, and then dividing the vari-
able into four quartiles. Clinical data included American 
Joint Committee on Cancer (AJCC) staging 6th edition, 
cancer-directed surgery, radiation therapy, chemotherapy, 
tumor differentiation, lymph nodes with metastatic disease, 
the comorbid conditions used in the Charlson comorbidity 
index,21 and presence of osteoporosis and diabetes mellitus. 
Patients were considered to have a comorbid medical con-
dition of osteoporosis or diabetes if there were at least two 
claims among inpatient and outpatient claims data 1 year 
prior to pancreatic cancer diagnosis (ICD 9 & 10 codes 
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for osteoporosis 733.0X, M80.XX, M81.XX; for diabetes 
250.XX, E09.X, E11.XX, E13.XX), as has been previously 
described.22 Medicare Part D claims were used to identify 
medications used in the year prior to pancreatic cancer di-
agnosis. Medication use was based on at least one instance 
of medication dispensed during the 1-year time period. A 
sensitivity analysis was performed where bisphosphonate 
use was defined as a 90-day supply of a bisphosphonate 
or two instances of medication prescriptions filled at least 
1 month apart. Medications identified included bisphos-
phonates such as alendronate, etidronate, ibandronate, and 
risedronate and statins such as atorvastatin, fluvastatin, 
lovastatin, pitavastatin, pravastatin, rosuvastatin, and simv-
astatin. 

4. Outcomes
The primary outcome of interest was overall survival in 

bisphosphonate users compared to nonusers. Survival time 
was defined as the time from the diagnosis of pancreatic 
cancer to death or end of the dataset. The study end date 
was set to December 2017. The secondary outcome of 
interest was overall survival in patients who used a combi-
nation of bisphosphonate and statin compared to patients 
who used neither.

5. Statistical analysis
Sociodemographic characteristics were compared using 

the chi-square test and the Student t-test. Kaplan-Meier 
models were used to examine the association between sur-
vival and bisphosphonate use and combined bisphospho-
nate and statin use within 1 year prior to pancreatic cancer 
diagnosis. We used a propensity score weighted analysis to 
adjust for potential confounding factors that may predis-
pose to bisphosphonate use and combined bisphosphonate 

No bisphosphonate usage
(n=12,436)

Bisphosphonate usage
(n=1,203)

Multiple tumors
(n=18,946)

Diagnosis before 65 years
(n=7,948)

Death certificate or clinical
diagnosis only

(n=4,142)

Diagnosis before 2007 or
after 2015

(n=0)

Histology other than
adenocarcinoma

(n=4,139)

No Part A, B, and D
coverage or part of HMO

(n=26,623)

Part A, B, and D coverage
and not part of HMO

(n=13,639)

Histologically confirmed
PDAC

(n=40,262)

Diagnosed 2007 2015
(n=44,401)

Diagnosis confirmed
(n=44,401)

Diagnosis after age
65 years

(n=48,543)

Pancreas as primary site
(n=56,491)

Total PDAC cases
(n=75,437)

Fig. 1.Fig. 1. Cohort selection. 
PDAC, pancreatic ductal adenocar-
cinoma; HMO, health maintenance 
organization.
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and statin use. The propensity score was calculated by us-
ing a logistic regression model that included sex, age, mari-
tal status, race, income and Charlson comorbidity score. 
Cox-proportional hazard models were used to determine 
the association between overall survival and bisphospho-
nate use and combined bisphosphonate and statin use, 
respectively. The Cox-proportional hazard models were 
adjusted for propensity score, cancer stage, cancer-directed 
surgery, radiation therapy, and chemotherapy, and an 
additional model was performed which included tumor 
differentiation and number of lymph nodes with metasta-
ses. Kaplan-Meier models and Cox-proportional hazard 
models with propensity score weighting were also used to 
assess for survival in subgroups of patients, such as those 
with osteoporosis and diabetes who used bisphosphonates. 
All analyses were performed using SAS 9.4 (SAS Institute, 
Cary, NC, USA). 

RESULTS

A total of 13,639 PDAC patients were identified from 
2007 to 2015 (Table 1). Of these, 1,203 patients (8.82%) 
used bisphosphonates in the period 1 year prior to pancre-

atic cancer diagnosis. Patients who used bisphosphonates 
had a higher mean age, and were more likely to be female 
and less likely to be married (p<0.01). Bisphosphonate us-
ers were also more likely to have a diagnosis of osteoporo-
sis and have lower Charlson comorbidity scores (p<0.01). 
After propensity weighting for the likelihood of a patient 
receiving a bisphosphonate, there were no significant dif-
ferences in patient demographics. 

Cancer-related characteristics are specified in Table 
2. There was no significant difference in AJCC stage be-
tween those who used bisphosphonates and those who 
did not (p=0.30). There was also no significant difference 
in cancer-directed surgery, and radiation between both 
groups (p>0.05), though bisphosphonate users showed a 
trend towards less chemotherapy use (bisphosphonate us-
ers 40.57% vs 43.51%, p=0.05). 

Table 3 shows mean overall survival by cancer charac-
teristics. Patients using bisphosphonates had no difference 
in mean survival time; users survived 7.27 months com-
pared to nonusers who survived 7.25 months (p=0.61) (Fig. 
2). The lack of survival difference remained when strati-
fied by AJCC stage, cancer-directed surgery, radiation, and 
chemotherapy (p>0.05). After adjustment for confound-
ers, such as propensity score, AJCC stage, cancer-directed 

Table 1.Table 1. Patient Demographics

Variable
Patients not receiving  

bisphosphonate
Patients receiving  
bisphosphonate

p-value
Adjusted 
p-value*

No. 12,436 (91.18) 1,203 (8.82)
Age, yr 77.61±7.70 78.90±7.40 <0.001 0.96
Sex <0.001 0.84
    Male 5,304 (42.65) 122 (10.14)
    Female 7,132 (57.35) 1,081 (89.96)
Marital status at diagnosis <0.001 0.95
    Not married 6,187 (51.96) 733 (62.60)
    Married 5,720 (48.04) 438 (37.40)
Race <0.001 0.23
    White 10,314 (82.94) 933 (77.56)
    Black 1,249 (10.04) 76 (6.32)
    Other 873 (7.02) 194 (16.13)
Charlson comorbidity score 0.002 0.72
    0 4,091 (39.90) 430 (41.83)
    1 2,670 (26.04) 303 (29.47)
    2 1,443 (14.07) 135 (13.13)
    ≥3 2,049 (19.98) 160 (15.56)
Income quartile 0.34 0.97
    0–25th 2,939 (24.12) 264 (22.39)
    26–50th 3,007 (24.68) 280 (23.75)
    51–75th 3,069 (25.19) 307 (26.04)
    76–100th 3,169 (26.01) 328 (27.82)
Osteoporosis 247 (1.99) 90 (33.7) <0.001

Data are presented as number (%) or mean±SD.
*Adjusted p-value reflects the p-value after adjusting for the propensity score, which included age, sex, ethnicity, Charlson comorbidity index 
score, and income quartile.
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surgery, radiation and chemotherapy, bisphosphonate use 
was still not associated with improved survival (hazard 
ratio [HR], 1.00; 95% confidence interval [CI], 0.93 to 1.08; 
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Fig. 2.Fig. 2. Kaplan-Meier curve comparing survival between pancreatic 
cancer patients using and not using bisphosphonates.

Table 2.Table 2. Pancreatic Cancer and Treatment Characteristics

Treatment characteristics Patients not receiving bisphosphonate Patients receiving bisphosphonate p-value

Stage 0.30
    I  985 (9.12) 94 (9.18)
    II 2,768 (25.63) 279 (27.25)
    III 960 (8.89) 103 (10.06)
    IV 6,085 (56.35) 548 (53.52)
Cancer-directed surgery 0.93
    No 10,823 (87.03) 1,048 (87.12)
    Yes  1,613 (12.97)  155 (17.87)
Radiation 0.90
    No 10,196 (81.99) 988 (82.13)
    Yes 2,240 (18.01) 215 (17.87)
Chemotherapy   0.05
    No 7,025 (56.49) 715 (59.43)
    Yes 5,411 (43.51) 488 (40.57)

Data are presented as number (%).

Table 3.Table 3. Mean Overall Survival Stratified by Cancer Characteristics

Variable
Survival time, mo

Log-rank p-value
No bisphosphonate Bisphosphonate

Overall 7.25±11.50 7.27±11.74 0.61
Stage
    I 11.71±16.75 12.90±18.74 0.91
    II 13.29±14.90 12.98±15.60 0.22
    III 9.36±9.85 7.90±7.88 0.15
    IV 3.83±6.17 3.92±6.97 1.00
Surgery
    No 5.18±7.96 5.26±8.50 0.98
    Yes 21.08±19.16 20.85±12.29 0.23
Radiation
    No 5.73±9.99 6.01±11.12 0.78
    Yes 14.16±14.69 13.05±12.77 0.14
Chemotherapy
    No 3.48±8.42 3.80±8.96 0.14
    Yes 12.13±12.93 12.34±13.39 0.76

Data are presented as mean±SD.

Table 4.Table 4. Propensity Score-Adjusted Cox-Proportional Hazards Model 
for Bisphosphonates

Variable Hazard ratio (95% CI) p-value

Bisphosphonate 1.00 (0.93–1.08) 0.96
Stage
    I Reference
    II 1.39 (1.28–1.52) <0.001 
    III 1.49 (1.35–1.65) <0.001
    IV 2.44 (2.25–2.64) <0.001
Surgery 0.44 (0.40–0.48) <0.001
Radiation 0.80 (0.75–0.85) <0.001
Chemotherapy 0.39 (0.37–0.41) <0.001

CI, confidence interval.
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p=0.96) (Table 4). Advanced AJCC stage cancer was as-
sociated with worse survival (p<0.01 for stages II/III/IV). 
Cancer treatments were associated with better survival; 
cancer-directed surgery (HR, 0.44; 95% CI, 0.40 to 0.48; 
p<0.001), radiation therapy (HR, 0.80; 95% CI, 0.75 to 
0.85; p<0.001) and chemotherapy (HR, 0.39; 95% CI, 0.37 
to 0.41; p<0.001). When tumor differentiation category 
and number of lymph nodes containing metastatic disease 
were included in the Cox-proportional hazard model, our 
sample was limited to 983 patients, and there was still no 
association between bisphosphonates and survival (Sup-
plementary Table 1). Both increasing grade and number of 
lymph nodes with metastatic disease were associated with 
worse survival (p<0.05).

When stratified by type of bisphosphate in Table 5, the 
lack of association with survival persisted (p>0.05 for all). 
When stratified by presence of osteoporosis (n=337), pa-
tients without osteoporosis had an increased mean survival 
(7.32 months) compared to those with osteoporosis (4.38 
months, p<0.001). However, this was no longer significant 
on Cox-proportional hazard model analysis after adjust-
ment for confounders and propensity score (HR, 1.05; 95% 
CI, 0.92 to 1.20). When survival was assessed in bisphos-
phonate users compared to nonusers limited to those with 
osteoporosis, there was no difference in survival (p=0.12). 
However, after adjustment for confounders on Cox-pro-
portional hazard model analysis, use of bisphosphonates in 
patients with osteoporosis showed improved survival (HR, 
0.67; 95% CI, 0.49 to 0.91).

When stratified by diabetes, there was no difference in 
survival in bisphosphonate users compared to nonusers 
among patients with diabetes (n=1,266; 5.26 months, stan-
dard deviation [SD] 9.25 vs 4.24 months, SD 8.31; p=0.50) 
or without diabetes (n=12,373; 7.44 months, SD 9.25 vs 
7.56 months, SD 11.69; p=0.36). No survival advantage of 
bisphosphonates was seen on multivariate analysis among 
patients with diabetes (HR, 0.86; 95% CI, 0.94 to 1.01) or 
without diabetes (HR, 1.02; 95% CI, 0.94 to 1.01). 

A sensitivity analysis was performed with a more strin-
gent criterion for bisphosphonate use (either a 90-day 
supply or two filled prescriptions at least 1 month apart). 
Eight hundred and ninety-three patients (6.55%) who 
used bisphosphonates were identified, with the remaining 
12,746 identified as controls. There was still no difference 
in the mean survival on univariate analysis with bisphos-
phonate users having a mean survival of 7.42 months 
(SD 11.85) and nonusers having a mean survival of 7.23 
months (SD 11.45, p=0.83). When adjusted for confound-
ers, bisphosphonate use was also not associated with im-
proved survival (HR, 1.03; 95% CI, 0.95 to 1.12; p=0.49).

A secondary analysis was performed to evaluate sur-
vival in patients who used a combination of a bisphospho-
nate and a statin (n=647, 9.03%) compared to those who 
used neither medication (n=6,519, 90.97%). On univariate 
analysis, combined bisphosphonate and statin use showed 
a trend for prolonged survival; survival in combination 
users was 7.84 months compared to 7.04 months in nonus-
ers (p=0.08). When adjusted for confounders using Cox-
proportional hazard modeling, combined bisphosphonate 
and statin use was not associated with improved survival 
(HR, 0.96; 95% CI, 0.87 to 1.06; p=0.46).

DISCUSSION

In our study of a large registry of U.S. patients with pan-
creatic cancer, we found that bisphosphonate use prior to 
pancreatic cancer diagnosis did not impact pancreatic can-
cer survival. This held true when adjusting for confound-
ers and when stratifying by type of bisphosphate. 

In theory, bisphosphonates have a mechanism that 
makes it a prime agent to combat pancreatic cancer. 
Bisphosphonates inhibit an enzyme in the mevalonate 
pathway, which interferes with the downstream signaling 
of the G proteins Ras, a group of proteins involved in me-
diating cell proliferation and survival.4,14 Dysregulated Ras 

Table 5.Table 5. Mean Survival Stratified by Use of Bisphosphonates and the Presence of Osteoporosis

Variable No. of patients (%)
Survival time, mo

Log-rank p-value
No Yes

Bisphosphonate use 1,203 (100) 7.24±11.45 7.27±11.74 0.61
Alendronate use 859 (6.30) 7.26±11.55 7.09±11.77 0.40
Etidronate use *
Ibandronate use 161 (1.18) 7.24±11.49 7.11±10.69 0.75
Risedronate use 249 (1.83) 7.20±11.48 7.98±11.69 0.45
Presence of osteoporosis 337 (2.47) 7.32±11.54 4.38±8.29 <0.001 
Bisphosphonate use limited to those with osteoporosis  90 (26.71) 4.13±8.61 5.08±7.34 0.12

Data are presented as mean±SD.
*Data not reported for values <11 per Surveillance, Epidemiology, and End Results (SEER) guidelines.
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proteins may therefore lead to tumorigenesis.4 Mutations 
in the KRAS gene, which encode the Ras protein family, 
are the most common genetic abnormality in pancreatic 
tumors.15 Since bisphosphonates block the activation of 
the Ras protein, it is conceivable that the medication may 
prevent pancreatic cancer cell growth. A study performed 
in in vitro pancreatic cancer cells showed that bisphos-
phonates promote growth reduction and apoptosis, in part 
through a reduction in Ras.7 Other studies of pancreatic 
cancer in in vivo models have also shown that bisphos-
phonates prevent cancer dissemination and inhibit tumor 
educated macrophages.23,24 

To date, the literature is mostly comprised of epide-
miological studies assessing the incidence of pancreatic 
cancer in those who use bisphosphonates.12,13 The first, a 
2012 case-control study of 41,826 cancer patients in the 
United Kingdom, found no difference in risk of pancreatic 
cancer in 62 bisphosphonate users compared to 60 controls 
(adjusted HR, 0.84; 95% CI, 0.53 to 1.35; p=0.048).12 The 
second, a 2013 nested case-control study of 180,000 cancer 
patients in the United Kingdom, reported a reduced risk 
of pancreatic cancer in 374 patients who used bisphos-
phonates compared to 1,084 controls when two U.K. da-
tabases were combined (pooled odds ratio, 0.79; 95% CI, 
0.68 to 0.93; p=0.003).13 As these studies show conflicting 
results,12,13 additional studies are needed to determine if 
bisphosphonate use prevents pancreatic cancer. 

Our study is especially unique as it is the first to assess 
whether bisphosphonate use impacts pancreatic cancer 
survival and failed to show a survival benefit. It is possible 
that the lack of effect could be due to the high affinity of 
bisphosphonates for bone mineral and rapid clearance 
from the bloodstream.25 Bisphosphonates may not pen-
etrate the pancreas and so may not be able to exert their 
effect on the Ras system in vivo. Alternatively, bisphos-
phonates may exert its positive impact by promoting bone 
integrity in hormone dependent disease, which could be 
why it has been shown to be impactful in patients with 
breast cancer and prostate cancer.25 Since pancreatic cancer 
rarely metastasizes to the bone and has not been linked to 
hormone imbalances,26,27 bisphosphonates may have less of 
an effect. Unfortunately, we were unable to determine the 
effect of bisphosphonate use among patients with pancre-
atic cancer who had bone metastases in our dataset given 
the unreliability of this in SEER. 

The secondary aim of our study was to assess survival 
in patients who used a combination of a bisphosphonate 
and statin. This was investigated as statins also work on the 
mevalonate pathway and have shown to improve survival 
in in vitro, observational, and analysis of clinical trial data 
in patients pancreatic cancer.17,28,29 In our study, while we 

found a trend for prolonged survival with combined use 
on univariate analysis (p=0.08), on multivariate analysis 
there was no survival advantage. It is possible therefore 
that bisphosphonates do not augment the effect of statins 
despite both acting on the mevalonate pathway, or the 
beneficial effects seen in statins may be confounded by 
concomitant use of aspirin or metformin or by the effect 
of statin use in preventing venous thromboembolisms in 
patients with pancreatic cancer.30

Only one other study has looked at combined bisphos-
phonate and statin use and was performed in 2017 by El-
Refai et al.20 in cancer patients of all types. They found an 
increased survival among 4,090 cancer patients who used 
combined therapy compared with 12,165 patients who 
were nonusers (HR, 0.60; 95% CI, 0.45 to 0.81). Although 
this study included patients with pancreatic cancer, analy-
sis of survival specifically in pancreatic cancer was not per-
formed given the small sample size.20 It is therefore possible 
that a survival benefit of combined medication use may 
be limited to other cancers. Our findings may also differ 
to due duration of medication use. While El-Refai et al.20 
included patients who used the medications for 90 days in 
the 6-month period before diagnosis, we included at least 
one instance of medication use over a 1 year period. How-
ever, when we performed a sensitivity analysis of bisphos-
phonates alone using the stricter criteria of a 90-day supply 
or two filled prescriptions at least 1 month apart, bisphos-
phonate use did not show an improved survival. 

Our study has several limitations and strengths. Since 
the data were based on claims, patients purchased their 
medications, but it is impossible to know if patients were 
adherent. We were also unable to control for other prog-
nostic factors such as smoking status, carbohydrate antigen 
19-9, margin negative pancreatic resection, or presence of 
bone metastases which are not available or are unreliable 
in the registry and which may have biased our cohort. Al-
though we did include statin use in our analysis, we did not 
include other medications, such as metformin, which may 
confer a survival benefit.22 Since the SEER-Medicare regis-
try is compiled based on health care professional reporting 
and coding, there may be errors related to the quality of 
reporting. To that effect, in our sample many more patients 
used bisphosphonates (n=1,203) than had osteoporosis 
(n=337). While this may reflect under-reporting of osteo-
porosis, it may instead suggest that bisphosphonates are 
prescribed for cancer specific indications such as bony 
metastases or hypercalcemia, which in turn may impact 
survival. Finally, while the strength of our study lies in our 
use of a large U.S. registry, the management of pancreatic 
cancer may vary widely across the United States and may 
impact survival. Strengths of our study include use of a 
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large national cancer registry and our ability to control for 
cancer-directed therapies and comorbid conditions. Ad-
ditionally, to our knowledge this is the first study to assess 
whether bisphosphonate use impacts survival in pancreatic 
cancer.

In conclusion, our study found no significant difference 
in survival among patients with pancreatic cancer who 
used bisphosphonates or combined bisphosphonates and 
statins and those who did not. Future prospective studies 
should continue to investigate the role of bisphosphonates 
in pancreatic cancer.
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