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Introduction
Pancreatic Cancer (PCA) is a high malignant carcinoma and the fourth leading cause of 

cancer-related death in both men and women in the United States [1]; the incidence rate is higher 
in men than in women [2]. Because of its insidious onset, the diagnosis of pancreatic cancer is 
usually delayed, leading to the 5-year survival rate at less than 5% in the US and Europe. Identified 
risk factors include cigarette smoking, overweight and obesity, diabetes, chronic pancreatitis and 
family history of pancreatic cancer [3]. However, the reproductive factors have not drawn enough 
attention, although there are some studies on the steroid hormone signaling in PCA [4,5]. By the 
fact of lower PCA risk in women, female sex hormones, especially estrogen, may play a protective 
role in PCA development and progression. Since contraceptives (OC) and Hormone Replacement 
Therapy (HRT) are common practice in women world-wide, which perturb the endogenous balance 
of steroid hormones, it is important to confirm the relationship between the use of OC and HRT 
and PCA risk in women. Epidemiologic studies so far have generated controversial results, thus it is 
imperative to perform a meta-analysis to help clarify this issue.

 Exogenous use of hormones like OC and HRT has been known to play certain roles in cancer 
development. OC containing estrogen and progestin has been identified to associate with reduced 
risks of ovarian and endometrial cancers but with increased risks of cervical, liver and breast 
cancers [6]. HRT is also commonly used in women to relieve adverse symptoms in pre- and post-
menopausal periods. With its similar components as OC, it is also known to correlate with lower 
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Abstract
Although the incidence rate of pancreatic cancer is higher in men than in women, Oral Contraceptives 
(OC) and Hormone Replacement Therapy (HRT) commonly used in women may constitute a risk 
or protective factor for pancreatic cancer. Some studies have examined these relationships, but 
no coherent conclusions have been reached. Thus, we conducted a meta-analysis in this study by 
extensive search of literature using PubMed and EMBASE databases. It was found that OC use was 
associated with the significant decrease in pancreatic cancer risk (pooled OR 0.75, 95% CI 0.61-0.91). 
Subgroup analysis identified that OC decreased the risk in the pancreatic cancer population-based 
studies (pooled OR 0.76, 95 % CI 0.67-0.86) but was controversial in the hospital-based studies 
(pooled OR 1.21, 95% CI 0.94-1.57). HRT did not show the significant effect on pancreatic cancer 
risk (pooled OR 1.00, 95 % CI 0.79-1.26). However, subgroup analysis identified the decreased risk 
in North America population (pooled OR 0.81, 95% CI 0.65-1.01) but the increased risk in Europe 
population (pooled OR 1.51, 95% CI 1.16-1.97). In conclusion, OC use was demonstrated to have 
a protective effect against pancreatic cancer in women, where as HRT showed no effect or diverse 
effects in different populations. Our results increase the awareness of using HRT in women when 
considering pancreatic cancer risk. The subgroup analysis also suggests that more clinical studies 
are needed to clarify the specific relationship between OC or HRT and pancreatic cancer risk in 
different populations.
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risks of uterine cervix, liver and biliary tract cancers but with higher 
risks of endometrium, breast, and malignant melanoma cancers [7]. 
Compared to these types of cancer, the effects of OC and HRT on 
women’s pancreatic cancer have not generated consistent results [8-
19], which support a rationale for us to carry out a systematic review 
and meta-analysis in this study.

Methods
Literature search

 Studies published from January 1900 to April 2014 were 
identified by conducting literature searches in PubMed and EMBASE 
databases. The search was limited to publications in English by using 
the following search terms: (estrogens or estrogen replacement 
therapy or hormone replacement therapy or gonadal hormones or 
gonadal steroid hormones or sex hormones or oral contraceptives 
or contraceptive or postmenopausal or reproductive factors) and 
(pancreas or pancreatic) and (cancer or neoplasms or carcinoma 
or tumor or adenocarcinoma). Furthermore, the reference lists of 
research reports and review articles were also examined to identify 
additional related publications. The study was conducted and 
reported in accordance with the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines.

Study selection
To select the studies that were eligible for the meta-analysis, the 

following criteria were used:

 a) Published in English

 b) Used a case-control or cohort study design

 c) Reported the association between OC or HRT and pancreatic 
cancer risk

 d) Presented sufficient data for the calculation of the odds ratio 
(or) and 95% confidence interval (95% CI).

 Cross-sectional studies, animal studies, commentary paper, 
letters to the editor, and monographs were excluded from this meta-
analysis.

Data extraction and quality assessment
The following data were extracted from each study: the last name 

of first author, publication year, study location, study design, source 
of population in cohort studies and the controls in case-control 
studies, study sample size (number of cases and controls or cohort 
size), exposures of interest, and target of HRT. The quality of eligible 
studies was appraised by following the guidelines of the modified 
Newcastle-Ottawa Quality Assessment Scale (NOS) documents.

Statistical analysis
Exposure to OC and exposure to HRT were analyzed as 

dichotomous variables (ever used vs. never used). The data of exposed 
cases, total exposed, unexposed cases, and total unexposed were 
extracted and calculated using original data from the studies. These 
data were then analyzed using the Mantel–Haenszel random-effects 
method to calculate the RR with 95% CI. Statistical heterogeneity was 
estimated by Cochran’s Q test and the I-squared test. The I- squared 
test represents the percentage of variation that is attributable to 
study heterogeneity, and it is categorized as low (0-40%), moderate 
(40-60%), high (60-90%), and very high (>90%). Subgroup analysis 
was carried out based on study location, study design, population 
source, study sample size, exposures of interest, and target of HRT. 
Heterogeneity between subgroups was evaluated by meta-regression. 
Sensitivity analyses were performed by omitting one study at a time 
to check if the inclusion criteria affected the final results. The Begg’s 

Figure 1: The process of literature search, screening and analysis to select studies to be included in this meta-analysis.
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First author and 
publication year

Study 
design Country Study name or target population

n Comparison group
Study sample 
size (Cases/

subject)

Exposures of 
interest Target of HRT

Bueno De Mesquita 
et al. 1992 [8]

Case-
control Netherlands The central part of Netherlands Residents 82/252 OC HRT All women

Ji et al. 1996 [9] Case-
control China Shanghai province Residents 183/680 OC NA

Skinner et al. 2003 
[10] Cohort USA NHS Nurses 243/115474 OC HRT Postmenopausal 

women
Duell et al. 2005 
[11]

Case-
control USA San Francisco Bay Area countries Residents 241/818 OC HRT Postmenopausal 

women
Navarro Silvera et 
al. 2005 [12] Cohort Canada The Canadian National Breast 

Screen Study (NBSS)
Participants of 

NBSS 187/89832 OC HRT Postmenopausal 
women

Prizment et al. 2007 
[13] Cohort USA The Iowa Women’s Health Study 

(IWHS)
Participants of 

IWHS 228/37459 OC HRT Postmenopausal 
women

Duell et al. 2009 
[14]

Case-
control

Australia, 
Canada, Poland, 

Netherlands
SERACH program Participants of 

SERACH 367/821 OC HRT All women

First author and 
publication year

Study 
design Country Study name or target population Comparison group

Study sample 
size (Cases/

subject)

Exposures of 
interest Target of HRT

Dorjgochoo et al. 
2009 [15] Cohort China Shanghai Women’s Health Study 

(SWHS)
Participants of 

SWHS 78/66661 OC NA

Zhang et al. 2010 
[16]

Case-
control USA Boston, NY, Philadelphia, Baltimore Hospital-based 284/1096 OC HRT All women

Lucenteforte et al. 
2011 [17]

Case-
control Italy Milan Hospital-based 285/998 OC HRT All women

Duell et al. 2013 
[18] Cohort Europe European prospective investigation 

into cancer and nutrition (EPIC)
Participants of 

EPIC 304/328610 OC HRT All women

Lee et al. 2013 [19] Cohort USA California State Teachers Retirement 
System (CTS)

Public school 
professionals 323/118164 OC HRT Postmenopausal 

women
OC: Oral Contraceptives; HRT: Hormone Replacement Therapy; NA: Not Available

Table 1: Characteristics of the studies included in this meta-analysis.

Study 1 2 3 4 5a 6 7b 8c Total scores

Skinner et al., 2003          9

Silvera et al., 2005    -      8

Prizment et al., 2007 -       7

Dorjgochoo et al., 2009        -  8

Duell et al., 2013 -       -  8

Lee et al., 2013          9

Table 2: Quality assessment of selected cohort studies using the NOS tool.

For cohort studies, 1, representativeness of the exposed cohort; 2, selection of the non-exposed cohort; 3, ascertainment of exposure; 4, demonstration that outcome 
of interest was not present in the beginning of study; 5, comparability of cohorts on the basis of the design or analysis; 6, assessment of outcome; 7, follow-up long 
enough for outcomes to occur; and 8, adequacy of follow up of cohorts.
aA maximum of two stars can be awarded for the control of the most important factor or second important factor.
bA cohort study with a follow-up time >8 y was awarded one star.
cA cohort study with a follow-up rate >80% was awarded one star.

Study 1 2 3 4 5a 6 7 8b Total scores

Bueno et al. 1992       -   8

Ji et al., 1996       -   8

Duell et al., 2005       -  8

Duell et al., 2009       -  8

Zhang et al., 2010  -    -   7

Lucenteforte et al., 2011  - -    -   6

Table 3: Quality assessment of selected case-control studies using the NOS tool.

For case-control studies, 1, is the case definition adequate? 2, representativeness of the cases; 3, selection of controls; 4, definition of controls; 5, comparability of 
cases and controls on the basis of the design or analysis; 6, ascertainment of exposure; 7, same method of ascertainment for cases and controls; and 8, non-response 
rate.
aA maximum of two stars can be awarded for the control of the most important factor or second important factor.
bOne star was award if there was no significant difference in the response rate between cases and controls.
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test and Egger’s test were used to identify any potential publication 
bias. All statistical analyses were performed using Review Manager 
5.2 and STATA 12.0.

Results
Systematic review

We identified 3651 studies that fit our search strategy, but only 
21 studies matched with selection criteria (Figure 1). After reviewing 
full text, 2 studies were excluded because of duplicate report on the 
same population [20,21], 3 studies were excluded because of ineligible 
study subjects [22-24], and 4 studies were excluded because of the 
lack of sufficient information to calculate effect estimates [7, 25-27]. 
Finally, 12 studies were selected for the analysis in this paper [8-19].

Detailed characteristics of these studies were summarized in 
Table 1. The included studies were published between 1992 and 2013, 

consisting of 6 case-control studies [8,9,11,14,16,17] and 6 cohort 
studies [10,12,13,15,18,19]. These studies overall included 2805 
women with pancreatic cancer and 759502 female controls [13-19]. 
Six studies were performed in North America [10-13,16,19], three 
studies in Europe [8,17,18], two studies in China [9,15], and one as 
a multicenter study in North America, Europe and Australia [14]. 
Eight comparison groups of these studies were population-based 
[8,9,11-15,17], two studies were hospital-based [16,17], one was a 
study for public school professionals [19], and one was for nurses 
[10]. All selected studies addressed OC exposure [8-19], among which 
10 studies had the data of HRT exposure [8,10-14,16-19]. However, 
more than 20% of HRT exposure data were missing in the paper of 
Skinner et al. [10], so it was excluded. For the HRT exposure, the 
data of 4 studies were only on postmenopausal women [11-13,19], 
and the other 5 studies were performed for both premenopausal and 
postmenopausal women [8,14,16-18].

Figure 2: Forest plot for the relationship between OC use and pancreatic cancer risk.

 No. of studies OR (95% CI) I2 (%) P*

Overall 12 0.75 (0.61-0.91) 74.5 0

Subgroup analyses     

Study design     

 Case-control 6 0.85 (0.65-1.10) 57.8 0.037

 cohort 6 0.68 (0.52-0.87) 76.8 0.0001

Number of cases     

 <200 4 0.81 (0.65-1.02) 0 0.64

 >200 8 0.74 (0.57-0.95) 82.5 0

Country     

 Asia 2 0.85 (0.56-1.28) 0 0.744

 North America 6 0.73 (0.53-1.00) 86.8 0

 Europe 3 0.79 (0.55-1.13) 42.4 0.176

Source of control subjects     

 Population based 8 0.76 (0.67-0.86) 0 0.899

 Hospital based 2 1.21 (0.94-1.57) 0 0.899

Table 4: Subgroup analysis of the association between OC use and pancreatic cancer risk.

OR: Odds Ratio; CI: Confidence Interval; *P value for heterogeneity within each subgroup.



Yong Liang and Jun Ling, et al., Clinics in Oncology - Breast Cancer

Remedy Publications LLC., | http://clinicsinoncology.com/ 2017 | Volume 2 | Article 13095

The NOS quality points of cohort studies are summarized in 
Table 2, and the case-control studies were summarized in Table 3. 
With NOS quality point >6 being defined as high quality and ≤6 as 
low quality, we found that all of included studies were at high quality.

The effects of oral contraceptives on pancreatic cancer 
risk 

In the 12 included studies that examined the relationship between 
OC and pancreatic cancer risk [8-19], the study-specific ORs for OC 
use ranged from 0.42 to 1.22. The pooled OR of pancreatic cancer 
for OC ever used vs. never used was 0.75 (95% CI 0.61-0.91) with 
significant heterogeneity (I2 = 74.5%, P=0.000) (Figure 2). There 
was no indication of publication bias with Begg’s test (P = 1.000) or 
Egger’s test (P = 0.723).

We further carried out a subgroup analysis. As shown in Table 
4, when grouped by source of control subjects, OC use in population 
based studies was associated with significant decrease in pancreatic 
cancer risk (OR = 0.76, 95% CI 0.67-0.86) with less heterogeneity (I2 

= 0.0%, p = 0.899). However, OC use in hospital based studies was 
associated with insignificant increase in pancreatic cancer risk (OR 
was 1.21, 95% CI 0.94-1.57) with less heterogeneity (I2 = 0.0%, p = 
0.899). The association between OC use and pancreatic cancer risk 
remained statistically significant in cohort studies and large cases 
studies (n >200). The relationships between OC and pancreatic 
cancer risk in case-control studies, small cases studies (n <200), Asia 
patients studies, North America studies and Europe studies were all 
not significant. There were some studies on the association between 
the duration of OC use and pancreatic cancer risk. However, since 
the length of duration is different, we cannot conduct a meta-analysis 
on this subgroup.

In sensitivity analyses, we sequentially removed one study at a time 
and reanalyzed the data to examine the origin of heterogeneity. We 
found that no single study altered the original results or heterogeneity 
significantly (Figure 3).

The effects of hormone replacement therapy on pancreatic 
cancer risk

 Nine studies were included in this study to examine the 

association between HRT and pancreatic cancer risk [8,11-14,16-19]. 
The study-specific ORs for HRT use ranged from 0.6 to 2.00. The OR 
of pancreatic cancer for HRT ever used vs. never used was 1.00 (95% 
CI 0.79-1.26) with significant heterogeneity (I2 = 78.1% P=0.000) 
(Figure 4). There was no indication of publication bias with Begg’s 
test (P = 0.677) or Egger’s test (P = 0.951).

To reveal more detailed information, a subgroup analysis was 
performed again with the results shown in Table 5. Studies based on 
the European population showed that HRT significantly increased 
pancreatic cancer risk (OR = 1.51, 95% CI 1.16-1.97) with less 
heterogeneity (I2 = 22.7%, p = 0.274). However, studies based on the 
North American population showed an opposite outcome (OR = 0.81, 
95% CI 0.65-1.01) with larger heterogeneity (I2 =61.6%, p= 0.034). 
In addition, HRT for postmenopausal women was associated with 
decreased risk of pancreatic cancer (OR = 0.80, 95% CI 0.61-1.06). 
However, HRT for both premenopausal and postmenopausal women 
was associated with increased risk (OR =1.21, 95% CI 0.91-1.62). The 
relationships between HRT and pancreatic cancer risk in case-control 
studies, cohort studies, large cases studies, small cases studies were all 
not significant. The durations of HRT were also different in different 
studies, thus making it difficult to perform a meta-analysis on this 
subgroup.

In sensitivity analyses, we found that no single study altered the 
original results or heterogeneity significantly (Figure 5).

Discussion
To our knowledge, this is the first systematic review and meta-

analysis about the relationship between OC and HRT and pancreatic 
cancer risk in women. In this meta-analysis, we strictly selected 12 
studies, including 2805 pancreatic cancer patients and 759502 female 
controls from Asia, Europe and North America. Overall, we found 
that OC use was associated with significant decrease in pancreatic 
cancer risk, but HRT showed no effect on pancreatic cancer risk or 
generated controversial results.

Among many different etiology factors, the functions of steroid 
hormones in pancreatic cancer development are not well studied. 

Figure 3: Influence of individual studies on the pooled OR in meta-analysis of OC and pancreatic cancer risk.
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However, the fact of hormonal imbalance in pancreatic cancer 
incidence with a male to female ratio ranging from 1.25-1.75:1 
[28] suggests the importance of hormonal regulation in pancreatic 
cancer development. Indeed, ERα and ERβ have been identified to 
be differentially expressed in pancreatic cancer with ERβ playing 
even more important function [29]. Estrogen has been known to 
play a wide range of functions from development, regulation of 
reproductive system [30-33] to cancer development [34], especially 
in breast and ovarian cancers [35]. Thus, it is significant to conduct 
this study to help clarify the relationship between the OC use and 
HRT and pancreatic cancer development. Since both OC and 
HRT are composed of various synthetic estrogens and progestins 
at different doses that are more likely to perturb the endogenous 
hormonal balance, the potential to cause or prevent pancreatic cancer 
development is then very high. While it is a difficult topic at basic 
research level, epidemiologic study could shed some light first on 
their relationship with pancreatic cancer.

Figure 4: Forest plots for the relationship between HRT and pancreatic cancer risk.

Figure 5: Influence of individual studies on the pooled OR in meta-analysis of HRT and pancreatic cancer risk.

During the meta-analysis of the relationship between OC use and 
pancreatic cancer risk, since there was no significant publication bias, 
but showing high heterogeneity, we further carried out a subgroup 
analysis to identify factors leading to the heterogeneity. Limited by 
the numbers of studies, insufficient data, different adjusting factors, it 
was difficult to do subgroup analyses on duration, dose-response and 
potential confounding adjustment. Furthermore, our study identified 
that cohort studies showed a lower risk of pancreatic cancer by OC use 
than case-control studies. While OC use was found to be associated 
with significant decrease in pancreatic cancer risk in population 
based studies, hospital based studies showed an opposite results. 
Besides, these two groups of studies showed homogeneity (I2 = 0.0%), 
thus providing a strong evidence that OC use was associated with the 
decreased risk of pancreatic cancer in general population. The reason 
why OC can decrease pancreatic cancer risk is partially derived from 
the fact that OC can change the endogenous estrogen signaling, 
therefore leading to the promotion or inhibition of cancer progression. 
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ER signaling has been known to either promote or inhibit cancer cell 
proliferation at lower dose or at higher dose, respectively [29]. Thus, 
the actual levels of estrogen in women who take OC are dramatically 
diverse that lead to a wide range of outcomes. In addition, estrogen 
signaling is also related with adipose tissue metabolism and obesity 
that is one of main risk factors for pancreatic cancer [3]. The reason 
for the increased pancreatic cancer risk in hospitalized population is 
unknown. However, the compromised immune system could be one 
of reasons.

Our meta-analysis revealed that HRT was generally no effect 
on pancreatic cancer risk. The selected studies had no significant 
publication bias, but showing high heterogeneity. Again, a subgroup 
analysis was performed, which showed that cohort studies had a lower 
risk than case-control studies; population based studies had a lower 
risk than hospital based studies. However, both differences were 
not significant. Studies showed that HRT in premenopausal women 
increased pancreatic cancer risk; whereas HRT in postmenopausal 
women decreased pancreatic cancer risk. This may be due to the 
estrogen level difference between premenopausal and postmenopausal 
women, thus HRT causes the estrogen level in premenopausal 
women higher than physiological range, leading to the increased risk 
of pancreatic cancer development. Our meta-analysis also identified 
that HRT was associated with decreased pancreatic cancer risk in 
North American population but with increased risk in European 
population. It is not clear what are the exact reasons leading to these 
differences, but many factors, such as life style, higher diversity of 
North American population, and different brands of HRT, may be 
attributed to the different outcomes.

Conclusion
This systematic review and meta-analysis provides further 

evidence that OC use is associated with decreased risk of pancreatic 
cancer in general women population; in contrast HRT shows no 
effect in overall studies. Because of the fast progression and poor 

 No. of studies OR (95% CI) I2 (%) P*

Overall 9 1.00 (0.79-1.26) 78.1 0

Subgroup analyses    

Study design    

 Case-control 5 1.05 (0.77-1.42) 67.6 0.015

 Cohort 4 0.94 (0.63-1.40) 87.6 0

Number of cases    

 <200 2 0.88 (0.64-1.20) 0 0.451

 >200 7 1.02 (0.77-1.35) 83.1 0

Country    

 North America 5 0.81 (0.65-1.01) 61.6 0.034

 Europe 3 1.51 (1.16-1.97) 22.7 0.274

Source of control subjects    

 Population based 6 1.03 (0.84-1.26) 56.3 0.043

 Hospital based 2 1.29 (0.55-2.98) 88.5 0.003

Data of HRT    

 All women 5 1.21 (0.91-1.62) 66.6 0.018

 Postmenopausal women 4 0.80 (0.61-1.06) 70.9 0.016

Table 5: Subgroup analysis of the association between HRT and pancreatic cancer risk.

OR: Odds Ratio; CI: Confidence Interval; *P value for heterogeneity within each subgroup.

prognosis features of pancreatic cancer and the lack of early diagnosis 
methods, it is extremely difficult to collect accurate information 
from participants in epidemiological or clinical studies of pancreatic 
cancer. With additional complexity from a wide range of types and 
formulations of OC and HRT used all over the world, the analysis 
of the relationship between OC or HRT and pancreatic cancer risk 
becomes an even more difficult task. Thus, further large scale and well 
controlled studies are needed to finally elucidate specific relationship 
between OC or HRT and the risk of pancreatic cancer in different 
populations or associated with other pancreatic cancer risk factors.
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