
Title 1 

Endometriosis and cancer: A systematic review and meta-analysis 2 

 3 

Running title 4 

Endometriosis and cancer  5 

 6 

Authors 7 

Marina Kvaskoff1,2,*, Yahya Mahamat-Saleh1,2, Leslie V. Farland3, Nina Shigesi4, Kathryn L. 8 

Terry5,6, Holly R. Harris7,8, Horace Roman9,10, Christian M. Becker4, Sawsan As-Sanie11, 9 

Krina T. Zondervan4,12, Andrew W. Horne13, Stacey A. Missmer6,14,* 10 

 11 

Affiliations of authors 12 

1CESP, Fac. de médecine - Univ. Paris-Sud, Fac. de médecine - UVSQ, INSERM, Université 13 

Paris-Saclay, 94805, Villejuif, France 14 

2Gustave Roussy, F-94805, Villejuif, France 15 

3Department of Epidemiology and Biostatistics, Mel and Enid Zuckerman College of Public 16 

Health, University of Arizona, Tucson, AZ, USA 17 

4Oxford Endometriosis CaRe Centre, Nuffield Department of Women's & Reproductive 18 

Health, University of Oxford, Oxford, UK 19 

5Obstetrics and Gynecology Epidemiology Center, Brigham & Women's Hospital and 20 

Harvard Medical School, Boston, MA, USA 21 

6Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, 22 

USA 23 

7Program in Epidemiology, Division of Public Health Sciences, Fred Hutchinson Cancer 24 

Research Center, Seattle, Washington 25 



8Department of Epidemiology, University of Washington, Seattle, Washington 26 

9Endometriosis Centre, Tivoli-Ducos Clinic, Bordeaux, France. 27 

10Department of Obstetrics and Gynaecology, Aarhus University Hospital, Aarhus, Denmark 28 

11Department of Obstetrics and Gynecology, University of Michigan, Ann Arbor, MI, USA 29 

12Wellcome Centre for Human Genetics, University of Oxford, UK 30 

13MRC Centre for Reproductive Health, University of Edinburgh, Edinburgh EH16 4TJ, UK 31 

14Department of Obstetrics, Gynecology and Reproductive Biology; College of Human 32 

Medicine, Michigan State University, Grand Rapids, MI, USA 33 

 34 

*Correspondence address: Inserm U1018, “Exposome , Inheritance, Cancer, and Health” 35 

Team, Gustave Roussy, Espace Maurice Tubiana, 114 rue Edouard Vaillant, F-94805 36 

Villejuif Cedex, France; Tel: +33 1 4211 5864; Fax: +33 1 4211 4000 37 

*Correspondence Emails: Marina.KVASKOFF@gustaveroussy.fr; missmers@msu.edu   38 

 39 

Word count 40 

Abstract: 488 (max 500) 41 

Text: 11,222; inclusive of embedded reference identification of ~1,400 words (max 10,000) 42 

Tables: 2 (max 3-5) 43 

Figures: 5 (max 2-3) 44 

Appendix: 1 45 

Supplementary material: 2 tables, 8 figures 46 

  47 

mailto:Marina.KVASKOFF@gustaveroussy.fr


TABLE OF CONTENTS 48 

I. Introduction 49 

II. Methods 50 

   Search strategy and inclusion criteria 51 

   Study selection 52 

   Data extraction 53 

   Quality assessment and risk of bias 54 

   Data synthesis and meta-analysis 55 

III. Results 56 

   Study selection 57 

   Quality of evidence 58 

   Overall cancer 59 

   Ovarian cancer 60 

      Ovarian cancer heterogeneity 61 

      Endometriosis heterogeneity 62 

      Two-level heterogeneity 63 

   Breast cancer 64 

   Endometrial cancer 65 

   Skin cancer 66 

      Cutaneous melanoma 67 

      Basal-cell carcinoma 68 

    Colorectal cancer 69 

    Thyroid cancer 70 

    Cervical cancer 71 

    Other cancer types 72 



IV. Discussion 73 

   Associations between endometriosis and cancer 74 

      Ovarian cancer 75 

      Endometrial cancer 76 

      Cervical cancer 77 

      Other cancers 78 

   Critical methodologic complexities to consider in the field 79 

      Temporality 80 

      Misclassification and population sampling 81 

      Confounding and mediation  82 

      Study robustness and study heterogeneity 83 

      Endometriosis and cancer disease heterogeneity 84 

      Publication bias 85 

   Potential underlying mechanisms 86 

   Informing women with endometriosis about their cancer risk 87 

   Cancer screening and monitoring recommendations for clinicians 88 

V. Conclusion 89 

 90 

 91 

  92 



ABSTRACT 93 

Background: Endometriosis is an often chronic, inflammatory gynaecologic condition 94 

affecting 190 million women worldwide. Studies have reported an elevated cancer risk among 95 

women with endometriosis. However, prior research has included methodologic issues that 96 

impede valid and robust interpretation.  97 

Objective and rationale: We conducted a meta-analysis of studies investigating the 98 

association between endometriosis and cancer risk and analysed the results according to 99 

methodologic characteristics. We discuss the implications of cancer screening in 100 

endometriosis patients and management challenges faced by clinicians. 101 

Search methods: We searched the PubMed and Embase databases for eligible studies 102 

through October 24th, 2019. We included cohort and case-control studies examining the 103 

association between endometriosis and cancer risk; cross-sectional studies and case reports 104 

were excluded. Publications had to present risk estimates with 95% confidence intervals (CI). 105 

Random effects meta-analysis was used to estimate summary relative risks (SRR) and CIs. 106 

Heterogeneity across studies was assessed by the Q test and I² statistics, and publication bias 107 

using Egger's and Begg's tests. Risk of bias and quality of the included studies were assessed 108 

using the ROBINS-I tool. 109 

Results: Forty-nine population-based case-control and cohort studies were included. Twenty-110 

six studies were scored as having a ‘serious’ or ‘critical’ risk of bias, and the remaining 23 111 

‘low’ or ‘moderate’. Cancer-specific analyses showed a positive association between 112 

endometriosis and ovarian cancer risk (SRR=1.93,CI=1.68-2.22; n=24 studies) that was 113 

strongest for clear-cell (SRR=3.44,CI=2.82-4.42; n=5 studies)  and endometrioid 114 

(SRR=2.33,CI=1.82-2.98; n=5 studies) histotypes (Pheterogeneity<0.0001), although there was 115 

significant evidence of both heterogeneity across studies and publication bias (Egger’s and 116 

Begg’s P-values<0.01). A robust association was observed between endometriosis and thyroid 117 



cancer (SRR=1.39, CI=1.24-1.57; n=5 studies), a very small association with breast cancer 118 

(SRR=1.04, CI=1.00-1.09; n=20 studies), and no association with colorectal cancer 119 

(SRR=1.00, CI=0.87-1.16; n=5 studies). The association with endometrial cancer was not 120 

statistically significant (SRR=1.23, CI=0.97-1.57; n=17 studies) overall and wholly null when 121 

restricted to prospective cohort studies (SRR=0.99, CI=0.72-1.37; n=5 studies). There was 122 

also a small association (17% greater risk) with cutaneous melanoma (CI=0.97-1.41; n=7 123 

studies) that increased in magnitude (71% greater risk) and was statistically significant when 124 

restricted to studies with low/moderate risk of bias (CI=1.24-2.36, n=2 studies). The most 125 

robust finding was an inverse association with cervical cancer (SRR=0.68, CI=0.56-0.82; n=4 126 

studies), which may reflect heightened access to detection of dysplasia for women with 127 

successful endometriosis diagnosis. Several additional cancer types were explored in <4 128 

studies. 129 

Conclusions: Endometriosis was associated with a higher risk of ovarian and thyroid, and 130 

minimally (only 4% greater risk) with breast cancer, and with a lower risk of cervical cancer. 131 

However, this meta-analysis confirms that (i) a majority of studies had severe/critical risk of 132 

bias, (ii) there is impactful heterogeneity across studies– and for ovarian cancer, publication 133 

bias, and (iii) causal inference requires temporality, which in many studies was not 134 

considered. We discuss the implications of these potential associations from the perspectives 135 

of the women with endometriosis, clinicians involved in their care, and scientists investigating 136 

their long-term health risks. 137 

  138 



ABBREVIATIONS 139 

BSO, bilateral salpingo-oophorectomy; CI, confidence intervals; HR, hazard ratio; OR, odds-140 

ratio; SIR, standardized incidence ratio; SRR, summary relative risk; RR, relative risk  141 



INTRODUCTION 142 

Endometriosis is an inflammatory disease process characterized by lesions of endometrial-like 143 

tissue outside the uterus – commonly on the pelvic peritoneum and ovaries (Johnson et al., 144 

2017). The condition can present with debilitating symptoms (dysmenorrhea, acyclic pelvic 145 

pain, dysuria, dyschezia, chronic fatigue) that have considerable adverse impacts on quality of 146 

life (Nnoaham et al., 2011), including an increased risk of infertility (Prescott et al., 2016). 147 

Endometriosis is estimated to affect 10% of women of reproductive age) (Ghiasi et al., 2020) 148 

(Shafrir et al., 2018), equating to 190 million women worldwide (Zondervan et al., 2020), and 149 

is associated with substantial healthcare costs (Simoens et al., 2011a, 2011b). Clinically 150 

informative subtypes of endometriosis have yet to be established, although macro presentation 151 

includes superficial peritoneal lesions, cysts in the ovaries (endometrioma), deep 152 

endometriosis, and extrapelvic lesions (Zondervan et al., 2020). Unfortunately, little is known 153 

on the aetiology of the disease, and treatment options are ineffective long-term for many 154 

women.  155 

 156 

Although non-malignant and not marked by uncontrolled lesion growth, endometriosis shares 157 

similar features with cancer, such as development of local and distant foci, resistance to 158 

apoptosis, and invasion of other tissues with subsequent damage to the target organs 159 

(Kvaskoff et al., 2015). It also generates a chronic local and systemic inflammatory milieu 160 

(Zondervan et al., 2018) and has been associated with several risk factors that are also 161 

associated with risk of several cancer types (Shafrir et al., 2018). These observations raised 162 

the question of whether women with endometriosis are at higher cancer risk – a topic that has 163 

had a long-lasting interest in the literature, particularly within the last decade (Missmer, 164 

2009). Indeed, endometriosis has been reported to be associated with a higher risk of several 165 

cancer types in population research (Kvaskoff et al., 2015). More recently, gene sequencing 166 



has demonstrated that about 20% of both ovarian endometriosis and deep endometriosis 167 

lesions have somatic cancer driver mutations (Anglesio et al., 2015, 2017), although such 168 

mutations are also observed at high proportions in eutopic endometrium from healthy women  169 

(Lac et al., 2019a). 170 

 171 

Quantifying cancer risk in women with endometriosis is crucial for several reasons. This field 172 

has important public health implications for women in terms of cancer screening and 173 

prevention, and for clinicians in terms of the long-term management of women with 174 

endometriosis (Lippman et al., 2018). Given the currently limited knowledge on 175 

endometriosis, having a clear answer as to its link with cancer, which is more deeply 176 

investigated and understood, will help enhance our understanding of endometriosis 177 

pathophysiology. Considering micro- and macro-patient characteristics will also help to 178 

identify informative biological and prognostic subgroups of the disease that will ultimately 179 

advance endometriosis treatment development.  180 

 181 

Several studies reported a higher cancer risk among women with endometriosis. Two early 182 

meta-analyses were published on the relationships between endometriosis and ovarian cancer. 183 

Reviewing studies published in 1990-2012, Kim et al. estimated a summary relative risk 184 

(SRR) of 1.27 (95% confidence interval (CI)=1.21-1.32), based on 21 case-control or cohort 185 

studies, and of 1.80 (CI=1.28-2.53) based on five studies including women with 186 

endometriosis only (Kim et al., 2014). Wang et al. then reported a summary odds-ratio of 1.42 187 

(CI=1.28-1.57), based on 12 case-control studies published between 1995 and 2016 (Wang et 188 

al., 2016a). Thereafter, meta-analyses reported on the associations between endometriosis and 189 

ovarian, endometrial, and cervical cancers (Li et al., 2019a) and between endometriosis and 190 

extra-ovarian malignancies (Gandini et al., 2019), based on 25 studies published over 1997-191 



2017, and based on 32 studies published in 1989-2018, respectively. Li et al. summarized a 192 

relative risk of 1.96 (CI=1.69-2.29) for the relationship between endometriosis and ovarian 193 

cancer, a modest (RR=1.18, CI=0.88-1.58) and not statistically significant association with 194 

endometrial cancer, and an inverse association with cervical cancer (Li et al., 2019a). While 195 

Gandini et al. also reported an inverse association with cervical cancer, endometriosis was 196 

positively associated with endometrial cancer in their meta-analysis, with a SRR of 1.38 197 

(CI=1.10-1.74) (Gandini et al., 2019). They also reported a higher risk of thyroid cancer in 198 

women with endometriosis, but no apparent association with breast cancer or cutaneous 199 

melanoma. 200 

 201 

However, the previous meta-analyses did not explore and account for the impact of 202 

methodologic characteristics among the included studies (e.g. temporality, population 203 

sampling, confounding, publication bias), which are critical to consider due to high risk of 204 

selection and diagnostic biases among studies published to date (Kvaskoff et al., 2015). 205 

Another essential point to improve our understanding and identify high-risk groups is the 206 

exploration of disease heterogeneity, which continues to be limited in previous research and 207 

needs to be addressed – both in terms of cancer subtypes and of endometriosis subtypes. 208 

 209 

In this study, we performed a systematic review and meta-analysis of published studies on the 210 

associations between endometriosis and cancer risk, and analysed the results by endometriosis 211 

and cancer subtypes and according to the methodologic characteristics of the studies. In 212 

addition, we discuss the reliability of the evidence in light of these important methodologic 213 

considerations. We also discuss the implications of the findings and offer practical and 214 

pragmatic recommendations to clinicians for the long-term management of women with 215 

endometriosis with regards to their cancer risk. 216 



 217 

METHODS 218 

Search strategy and inclusion criteria 219 

This systematic review was registered with PROSPERO in June 2019 and accepted for 220 

inclusion in January 2020 (Registration ID Number CRD42020139497). We searched the 221 

PubMed and Embase databases for eligible studies from inception to October 24th, 2019. The 222 

search terms and algorithm that we used are detailed in Appendix S1. We followed standard 223 

criteria for reporting meta-analyses of observational studies (Stroup et al., 2000). We also 224 

searched the reference lists of the selected publications to retrieve additional studies that were 225 

not identified through electronic searches.  226 

 227 

Study selection 228 

We included cohort and case-control studies examining the associations between 229 

endometriosis and cancer risk, overall and/or by cancer or endometriosis subtype. Cross-230 

sectional studies and case reports or series were excluded. Risk estimates (relative risk (RR), 231 

hazard ratio (HR), standardized incidence ratio (SIR), or odds-ratio (OR)) had to be reported 232 

with 95% confidence intervals (CIs) in the publication. The flow chart of study selection is 233 

presented in Figure 1. All identified studies were imported into Reference Manager for 234 

screening. Two reviewers (M.K., Y.M.S.) performed screening separately by reviewing titles, 235 

abstracts, and keywords for relevance to endometriosis and cancer. The full-text of the 236 

selected articles was then retrieved to assess their eligibility. Any discrepancies were resolved 237 

by discussion.  238 

 239 

Data extraction 240 



We extracted the following data from each study: first author’s last name, publication year, 241 

country where the research was conducted, study design and population type (population-242 

based or selected sample), study period, sample size (number of endometriosis and cancer 243 

cases, number of controls (where applicable), and source population), ascertainment of 244 

endometriosis and cancer cases, ability to evaluate temporality of the association (i.e., ability 245 

of the study to ensure that endometriosis occurred prior to cancer in a time-varying analysis 246 

and not diagnosed concurrently), risk estimate and 95% CIs (including by subgroup when 247 

available), and variables adjusted for in the analysis. Data were extracted by Y.M.S. and 248 

extractions were checked for accuracy by M.K. Any discrepancies were resolved by 249 

discussion.  250 

 251 

Quality assessment and risk of bias 252 

We assessed the quality of the included studies and their potential risk of bias using the risk of 253 

bias in non-randomized studies of interventions (ROBINS-I) tool (Sterne et al., 2016). This 254 

tool encompasses seven domains: (1) bias due to confounding, (2) bias in selection of study 255 

participants, (3) bias in exposure measurement, (4) bias due to misclassification of exposure 256 

during follow-up, (5) bias due to missing data, (6) bias in measurement of outcomes, and (7) 257 

bias in selection of reported results. In this approach, a study is considered at low risk of bias 258 

if it has been rated ‘low’ in all domains; low-to-moderate risk of bias if it has been rated as 259 

‘probably at risk’ for one domain; serious risk of bias if rated as ‘high risk’ for more than one 260 

domain, and critical risk of bias if rated as ‘critical risk’ in at least one domain. If information 261 

is missing in at least two domains, the study is classified as having ‘no information’. 262 

Evaluation was performed by two reviewers independently (Y.M.S. and M.K.). Any 263 

discordance during the assessment of the quality of evidence was discussed with a third 264 

reviewer (S.A.M.) to reach consensus.  265 



 266 

Data synthesis and meta-analysis 267 

We calculated summary relative risks (SRR) and 95% CIs for the relation between 268 

endometriosis and cancer risk. The average of the natural logarithm of the RRs was estimated 269 

and the RR from each study was weighted using random effects weights (DerSimonian and 270 

Laird, 1986). When studies reported results only separately for specific subgroups (e.g. type I 271 

and type II ovarian cancer (Merritt et al., 2013; Ruiz et al., 2016), for colon and rectal cancers 272 

(Melin et al., 2006; Saavalainen et al., 2018a), small and large intestine cancers (Melin et al., 273 

2006; Saavalainen et al., 2018a), or by endometriosis case ascertainment (self-report or 274 

medical records / registries) (Chang et al., 2014; Poole et al., 2017)), we combined the results 275 

using the Hamling procedure to obtain an overall estimate to be used in the meta-analysis 276 

(Hamling et al., 2008). Heterogeneity between studies was quantitatively assessed by the Q 277 

test and I² statistics (Higgins and Thompson, 2002). Whenever possible, subgroup analyses 278 

were conducted to investigate potential sources of heterogeneity, including study 279 

characteristics such as type of population (e.g. limited to women with infertility), study design 280 

(cohort versus case-control studies), geographic location, definition of endometriosis case 281 

ascertainment (self-report versus medical records / registries), histologic type of cancer, 282 

macro-phenotypic type of endometriosis (i.e. endometrioma, deep endometriosis, superficial 283 

peritoneal endometriosis), and requirement of temporality (yes versus no).  For all analyses, 284 

the impact of study sample size is accounted for in the statistical modeling and represented by 285 

the width of 95% confidence intervals. 286 

 287 

Several studies, for which the primary analysis did not take into account temporality, repeated 288 

their analyses after exclusion of endometriosis cases occurring within 12 months of cancer 289 

diagnosis, and thus in a sensitivity analysis, we considered these studies as meeting the 290 



temporality criteria. In additional sensitivity analyses, we also explored potential differences 291 

by quality of the study per the ROBINS-I risk of bias tool: ‘low’ or ‘moderate’ versus 292 

‘serious’ or ‘critical.’  293 

 294 

Study effects, such as publication bias, were visually assessed by examining funnel plots for 295 

asymmetry, and with Egger’s (Egger et al., 1997) and Begg’s tests (Begg and Mazumdar, 296 

1994). Sensitivity analyses excluding one study at a time were conducted to clarify whether 297 

the results were driven by one large study or a study with an extreme result. Stata version 16 298 

software (Stata Corp, College Station, TX) was used for all statistical analyses. 299 

 300 

RESULTS 301 

Study selection 302 

The initial search identified 17,878 records, including 6310 from MEDLINE and 11,568 from 303 

Embase (Figure 1). A total of 17,242 publications were excluded after first-stage screening 304 

by reviewing titles and abstracts; 636 full-text articles were retrieved and assessed for 305 

inclusion. Of these, 432 were excluded based on irrelevant outcome, data, exposure, or 306 

publication type (abstract, letter, note, commentary, review, or meta-analysis). Out of the 204 307 

remaining publications, 155 records were further excluded because of study design (cross-308 

sectional studies, case report or case series populations), duplicates, or because no risk 309 

estimate was provided. In total, we identified 49 publications (38 studies – 19 cohort and 19 310 

case-control) on the associations between endometriosis and cancer that met all the inclusion 311 

criteria for the meta-analysis.  Samples sizes varied widely among studies (Supplementary 312 

Table S1).  313 

 314 



When more than one article was published using the same study population (Brinton et al., 315 

1997, 2004, 2005a; Melin et al., 2006, 2007, 2013; Pearce et al., 2012, 2013, 2015; Stewart et 316 

al., 2013, 2018; Chang et al., 2014; Wang et al., 2014; Kok et al., 2015; Lee et al., 2015), we 317 

selected the one that included the largest number of cases. Since both the Nurses’ Health 318 

Study II (Poole et al., 2017) and the Iowa Women’s Health Study (Olson et al., 2002) cohorts 319 

were included in the analysis from the Ovarian Cancer Cohort Consortium (Wentzensen et al., 320 

2016), we did not also include them as individual studies in the analysis for ovarian cancer. 321 

Similarly, the Australian Cancer Study (Merritt et al., 2008, 2013; Nagle et al., 2008) and the 322 

Diseases of the Ovary and their Evaluation Study (Rossing et al., 2008) were included in an 323 

earlier pooled analysis of the OCAC (Pearce et al., 2012), and the study by Modugno et al 324 

(Modugno et al., 2004) was included in the pooled analysis published by Ness (Ness et al., 325 

2002), thus, we also did not included them as individual studies. Characteristics of the 326 

included studies are detailed in Supplementary Table S1. Compared with previously 327 

published meta-analyses, we included an additional six studies on ovarian cancer (Bodmer et 328 

al., 2011; Buis et al., 2013; Stewart et al., 2013; Ruiz et al., 2016; Wentzensen et al., 2016; 329 

Koushik et al., 2017), four on breast cancer (Baron et al., 2001; Borgfeldt and Andolf, 2004; 330 

Bertelsen et al., 2007; Brinton et al., 2014), and three on endometrial cancer (Borgfeldt and 331 

Andolf, 2004; Brinton et al., 2005a (b)) that were not identified in previous searches. The 332 

present meta-analysis additionally includes eight studies published after the most recent 333 

previous review (Park et al., 2018; Saavalainen et al., 2018a, 2018b; Saraswat et al., 2018; 334 

Surrey et al., 2018; Williams et al., 2018; Hsu et al., 2019; Lundberg et al., 2019; Vassard et 335 

al., 2019). In the present work, we did not include the study by Yeh et al. (Yeh et al., 2018), 336 

which reported results on cancer survival rather than cancer risk. 337 

 338 

Quality of evidence 339 



Based on the ROBINS-I tool (Sterne et al., 2016), we identified 11 studies with low risk of 340 

bias (Brinton et al., 2005b; Bertelsen et al., 2007; Chang et al., 2014; Chuang et al., 2015; 341 

Kok et al., 2015; Farland et al., 2016a, 2017; Mogensen et al., 2016; Poole et al., 2017; 342 

Guenego et al., 2018; Stewart et al., 2018), 12 with moderate risk of bias (Brinton et al., 343 

2005a, 2014; Buis et al., 2013; Stewart et al., 2013; Wentzensen et al., 2016; Park et al., 344 

2018; Saraswat et al., 2018; Surrey et al., 2018; Hsu et al., 2019; Lundberg et al., 2019; 345 

Vassard et al., 2019), 20 with serious risk of bias (Moseson et al., 1993; Holly et al., 1995; 346 

Venn et al., 1999; Weiss et al., 1999; Baron et al., 2001; Young et al., 2001; Ness et al., 347 

2002; Olson et al., 2002; Kobayashi et al., 2007; Melin et al., 2007; Fortuny et al., 2009; 348 

Zucchetto et al., 2009; Bodmer et al., 2011; Nichols et al., 2011; Rowlands et al., 2011; 349 

Pearce et al., 2012; Morales et al., 2013; Braganza et al., 2014; Ruiz et al., 2016; Koushik et 350 

al., 2017), and 6 with critical risk of bias (Borgfeldt and Andolf, 2004; Brinton et al., 2004; 351 

Melin et al., 2006; Saavalainen et al., 2018a, 2018b; Williams et al., 2018) (Table 1). 352 

 353 

Overall cancer 354 

A total of five studies were included that quantified the association between endometriosis 355 

and overall cancer risk (Olson et al., 2002; Melin et al., 2007; Kok et al., 2015; Saavalainen et 356 

al., 2018a; Saraswat et al., 2018) (Table 2). The SRR was 1.07 (CI=0.98-1.16), suggesting a 357 

very small and not statistically significant positive association. However, there was substantial 358 

heterogeneity among studies (I²=88%, p-value<0.0001). Variation by geographic location was 359 

evident (North America: RR=0.90, CI=0.77-1.05; Europe: SRR=1.03, CI=0.97-1.11; Asia: 360 

HR=1.80, CI=1.37-2.36), although the number of studies from each continent was very small 361 

and the test for heterogeneity among the continents was not statistically significant 362 

(Pheterogeneity=0.20). There was suggestion of heterogeneity by ROBINS-I risk of bias (low or 363 

moderate: SRR=1.45, CI=0.98-2.13, I²=86%, P=0.008; serious or critical: SRR=0.99, 364 



CI=0.96-1.02, I²=37%, P=0.21; Pheterogeneity=0.08), but interpretation is complicated by the 365 

high heterogeneity within the low/moderate group, while the studies with serious/critical bias 366 

appear to be uniformly biased toward the null. There was no indication of publication bias, 367 

with Egger’s test (p-value=0.29) or with Begg’s test (p-value=0.22).  368 

 369 

Ovarian cancer 370 

The meta-analysis included 28 studies evaluating the association between endometriosis and 371 

ovarian cancer (Venn et al., 1999; Ness et al., 2002; Borgfeldt and Andolf, 2004; Brinton et 372 

al., 2004, 2005a; Kobayashi et al., 2007; Melin et al., 2007; Bodmer et al., 2011; Pearce et 373 

al., 2012; Buis et al., 2013; Stewart et al., 2013; Chang et al., 2014; Mogensen et al., 2016; 374 

Ruiz et al., 2016; Wentzensen et al., 2016; Koushik et al., 2017; Park et al., 2018; 375 

Saavalainen et al., 2018b; Saraswat et al., 2018; Surrey et al., 2018; Williams et al., 2018; 376 

Hsu et al., 2019; Lundberg et al., 2019; Vassard et al., 2019). The SRR was 1.93 (CI=1.68-377 

2.22) (Figure 2, Table 2) but there was high heterogeneity among studies (I²=78%, 378 

P<0.0001). There was a high level of heterogeneity within categories of study design (case-379 

control studies: SRR=1.49, CI=1.35-1.63, I²=0%, P=0.62; retrospective cohorts: SRR=2.03, 380 

CI=1.69-2.45, I²=77%, P<0.0001; prospective cohorts: SRR=2.83, CI=1.32-6.07, I²=94%, 381 

P<0.0001) and also among the studies within the cohort designs (Pheterogeneity=0.17 for case-382 

control versus cohort studies). Geographic location also contributed to between- and within-383 

continent heterogeneity (North America: SRR=2.14, CI=1.38-3.32, I²=74%, P=0.004; Europe: 384 

SRR=1.81, CI=1.55-2.10, I²=75%, P<0.0001; Asia: SRR=4.22, CI=1.70-10.46, I²=69%, 385 

P=0.04; Australia: SRR=1.99, CI=1.02-3.88, I²=0%, P=0.53CI; multiple locations: SRR=1.44, 386 

CI=1.31-1.59, I²=0%, P=0.83; Pheterogeneity=0.09) (Table 2).  387 

 388 



The positive association between endometriosis and ovarian cancer was also stronger in 389 

studies that required temporarily (i.e. endometriosis must have been diagnosed at least 12 390 

months prior to the diagnosis of endometrial cancer) (n=11, SRR=2.19, CI=1.64-2.92, 391 

I²=85%, P<0.0001) versus studies that did not (n=13, SRR=1.79, 9% CI=1.55-2.05, I²=64%) 392 

or in studies with low or moderate risk of bias (n=13, SRR=2.09, CI=1.69-2.59, I²=78%, 393 

P<0.0001) versus studies with serious or critical risk of bias (n=11, SRR=1.80, CI=1.49-2.17, 394 

I²=77%CI, P<0.0001), albeit again with high heterogeneity within these categories and also 395 

with no statistically significant heterogeneity between these groups (Pheterogeneity=0.46 and 396 

0.50, respectively) (Table 2). Three studies (Chang et al., 2014; Mogensen et al., 2016; 397 

Williams et al., 2018) additionally reported estimates after excluding endometriosis cases 398 

diagnosed less than 12 months prior to ovarian cancer diagnosis; including these estimates 399 

within the meta-analysis instead of the primary estimates from these studies prior to exclusion 400 

did not change the overall meta-analysis SRR for ovarian cancer (SRR=1.90, CI=1.67-2.15, 401 

I²=72%CI, P<0.0001). When now including these three studies among the group restricted to 402 

those that required temporality, the results still were not substantially modified (studies 403 

requiring temporality: n=14, SRR=2.12, CI=1.71-2.63, I²=83%CI, P<0.0001; studies not 404 

requiring temporality: n=10, SRR=1.75, CI=1.48-2.07, I²=62%, P=0.005CI), with 405 

heterogeneity among within group studies remaining high.      406 

 407 

The influence analysis excluding the most influential studies suggested stable summary 408 

estimates (Supplementary Figure S1). However, there was strong evidence of publication 409 

bias towards an overestimation of the association, whether evaluated graphically 410 

(Supplementary Figure S2) by Egger’s test (P=0.01) or by Begg’s test (P=0.009).  411 

 412 

Ovarian cancer heterogeneity 413 



Several studies provided risk estimates by ovarian cancer histotype, and an analysis by 414 

histotype mostly eliminated the observed heterogeneity for all ovarian cancer studies (Table 415 

2). The strongest association was observed with the clear-cell (SRR=3.44, CI=2.82-4.20, n=5 416 

CI studies (Brinton et al., 2005b; Pearce et al., 2012; Mogensen et al., 2016; Wentzensen et 417 

al., 2016; Saavalainen et al., 2018b) and endometrioid histotypes (SRR=2.33, CI=1.82-2.98, 418 

n=5 CI studies (Brinton et al., 2005b; Pearce et al., 2012; Mogensen et al., 2016; Wentzensen 419 

et al., 2016; Saavalainen et al., 2018b), while there was no association detected with 420 

mucinous tumours (SRR=0.98, CI=0.74-1.29, n=5CI studies (Brinton et al., 2005b; Pearce et 421 

al., 2012; Mogensen et al., 2016; Wentzensen et al., 2016; Saavalainen et al., 2018b). Within 422 

serous tumours, a meta-analysis of the three studies that provided separate estimates showed 423 

that the association was restricted to low-grade serous tumours (SRR=2.33, CI=1.64-3.31; 424 

versus high-grade serous tumours: SRR=1.08, CI=0.88-1.32; Pheterogeneity<0.0001). 425 

Interestingly, there was no evidence of publication bias in studies reporting endometriosis 426 

associations by ovarian cancer histotypes (all Egger’s or Begg’s tests P-values>0.13); 427 

however, this could be due to a lack of power given the small number of studies in each 428 

group.  429 

 430 

Endometriosis heterogeneity 431 

Only four studies provided estimates of the association between endometriosis and ovarian 432 

cancer risk by endometriosis pelvic macro-phenotypic subtype (Kobayashi et al., 2007; Buis 433 

et al., 2013; Kok et al., 2015; Saavalainen et al., 2018b); three of these focused on ovarian 434 

endometrioma only, irrespectively of other subtypes (Kobayashi et al., 2007; Buis et al., 435 

2013; Kok et al., 2015). Based on these studies, the SRR for the association between 436 

endometrioma and ovarian cancer was 5.41 (CI=2.25-13.00) (Supplementary Figure S3), 437 

but with a very high level of heterogeneity between studies (I²=82%, P=0.001) albeit with no 438 



evidence of publication bias (Egger’s test: P=0.24; Begg’s test: P=0.99). This heterogeneity 439 

may exist because these studies quantified the association for endometriosis cases with any 440 

visualization of endometrioma regardless of the presence of the other macro-phenotypes 441 

(superficial peritoneal and deep endometriosis), thus prohibiting attribution of risk to 442 

endometriomas independently. Only one study reported estimates for all three macro-443 

phenotypes: endometrioma (RR=2.56, CI=1.98-3.27), superficial peritoneal (RR=1.32, 444 

CI=0.99-1.72), and deep endometriosis (RR=1.41, CI=0.29-4.10) (Saavalainen et al., 2018b). 445 

The association with endometrioma was significantly stronger than that for other 446 

endometriosis subtypes (P=0.03), but again, these groups were not mutually exclusive making 447 

the estimates difficult to interpret relative to each other. 448 

 449 

Endometriosis and ovarian cancer heterogeneity 450 

Only one study has produced risk estimates cross-tabulated by both histotype of ovarian 451 

cancer and macro-phenotypic type of endometriosis (Saavalainen et al., 2018b). Saavalainen 452 

et al. found that endometrioma was positively associated with the clear-cell (SIR=10.1), 453 

endometrioid (SIR=4.7), and serous (SIR=1.62) histotypes; superficial peritoneal 454 

endometriosis was also associated with these ovarian cancer histotypes, but with a lower 455 

magnitude of effect (SIRs=2.67, 2.03, and 1.32, respectively); while deep endometriosis was 456 

neither clinically nor statistically associated with ovarian cancer risk (SIRs=0.00, 3.35, and 457 

1.41, respectively, although confidence intervals were very wide due to lack of power given 458 

the small number of cases with deep endometriosis). Again, a limitation of this important 459 

contribution was that the histotypes were not mutually exclusive.  460 

 461 

Breast cancer 462 



A total of 20 studies were included in the analysis of the association between endometriosis 463 

and breast cancer risk (Moseson et al., 1993; Venn et al., 1999; Weiss et al., 1999; Baron et 464 

al., 2001; Olson et al., 2002; Borgfeldt and Andolf, 2004; Bertelsen et al., 2007; Melin et al., 465 

2007; Nichols et al., 2011; Morales et al., 2013; Brinton et al., 2014; Chuang et al., 2015; 466 

Farland et al., 2016a; Mogensen et al., 2016; Saavalainen et al., 2018a; Saraswat et al., 2018; 467 

Surrey et al., 2018; Williams et al., 2018; Hsu et al., 2019; Lundberg et al., 2019), yielding a 468 

very small and borderline-statistically significant SRR of 1.04 (CI=1.00-1.09) 469 

(Supplementary Figure S4, Table 2), although with no evidence of publication bias (Egger’s 470 

test: P=0.53; Begg’s test: P=0.81). We detected a moderate level of heterogeneity among 471 

studies (I²=59%, P=0.001), but the magnitude of difference was small when stratified by 472 

study design, geographic location (although studies from Asia were an outlier (SRR=1.41, 473 

CI=1.14-1.75, I²=0%, P=0.54)), endometriosis case ascertainment or ROBINS-I risk of bias 474 

(Table 2). The SRR for breast cancer was also similar among studies that included only 475 

populations of women with infertility (SRR=1.02, CI=0.97-1.07, I²=0%, P=0.72; data not 476 

shown). The influence analysis showed no substantial influence of any of the included studies 477 

on the global estimate (Supplementary Figure S8-A).  478 

 479 

Despite the well-established difference in risk factor profile, cancer characteristics, and 480 

prognosis by breast cancer tumour subtypes (Rosner et al., 2013; Farland et al., 2016a), only 481 

two studies assessed associations by breast cancer subtype. Farland et al. reported a positive 482 

association between endometriosis and oestrogen receptor-positive (ER+)/progesterone 483 

receptor-negative (PR-) breast cancer (ER+/PR-: HR=1.90, CI=1.44-2.50), but no association 484 

with ER+/PR+ or ER-/PR- tumours (Pheterogeneity=0.001). Results were also similar for 485 

premenopausal (HR=1.05, CI=0.89–1.23) and postmenopausal breast cancer (HR=0.93, 486 

CI=0.80–1.07), and among postmenopausal women results did not change by type of 487 



menopause (natural menopause HR=1.06, CI=0.80–1.36; surgical menopause HR=0.90, 488 

CI=0.75–1.09) (Farland et al., 2016a). Mogensen et al. reported no difference in association 489 

with ductal (SIR=1.04, CI=0.97-1.10) versus lobular tumours (SIR=1.10, CI=0.98-1.33), with 490 

both effect estimates of a magnitude similar to that observed for breast cancer risk overall 491 

(Mogensen et al., 2016). No study has evaluated the association with breast cancer by 492 

endometriosis subtypes.  493 

 494 

Endometrial cancer 495 

Based on 17 studies (Venn et al., 1999; Olson et al., 2002; Borgfeldt and Andolf, 2004; 496 

Brinton et al., 2005b, 2005a; Melin et al., 2007; Fortuny et al., 2009; Zucchetto et al., 2009; 497 

Rowlands et al., 2011; Kok et al., 2015; Mogensen et al., 2016; Poole et al., 2017; 498 

Saavalainen et al., 2018b; Saraswat et al., 2018; Surrey et al., 2018; Williams et al., 2018; 499 

Lundberg et al., 2019), the association between endometriosis and endometrial cancer yielded 500 

a non-statistically significant SRR of 1.23 (CI=0.97-1.57), with a high level of heterogeneity 501 

among studies (I²=81%, P<0.0001) (Table 2, Supplementary Figure S5). This heterogeneity 502 

was not explained by cohort (SRR=1.25, CI=0.96-1.62, I²=79%, P<0.0001) versus case-503 

control study design (SRR=1.29, CI=0.65-2.54, I²=85%, P<0.0001; Pheterogeneity=0.89) – 504 

although the within design heterogeneity was high. We observed that the association was 505 

consistently null among prospective cohort studies that rigorously required temporality (i.e. 506 

endometriosis must have been diagnosed at least 12 months prior to the diagnosis of 507 

endometrial cancer), among which there was no longer any heterogeneity (n=5 studies, 508 

SRR=0.99, CI=0.72-1.37, I²=0%, P=0.51) (Table 2) (Olson et al., 2002; Brinton et al., 2005b; 509 

Poole et al., 2017; Saraswat et al., 2018; Williams et al., 2018). This is in contrast to the 510 

retrospective cohort studies (Venn et al., 1999; Brinton et al., 2005a; Melin et al., 2007; Kok 511 

et al., 2015; Mogensen et al., 2016; Saavalainen et al., 2018b; Surrey et al., 2018; Lundberg 512 



et al., 2019) (n=8 studies, SRR=1.40, CI=1.00-1.96, I²=86.8%, P<0.0001) (Table 2) and a 513 

stronger attenuation than when the meta-analysis was restricted to the studies that, regardless 514 

of design, required temporality (Venn et al., 1999; Olson et al., 2002; Brinton et al., 2005b, 515 

2005a; Melin et al., 2007; Kok et al., 2015; Poole et al., 2017; Saavalainen et al., 2018b; 516 

Saraswat et al., 2018) (n=9 studies, SRR=1.11, CI=0.96-1.27, I²=0%, P=0.56) (Figure 3). 517 

Three studies (Rowlands et al., 2011; Mogensen et al., 2016; Williams et al., 2018) presented 518 

sensitivity analyses that reported estimates of the endometriosis and endometrial cancer 519 

association after restricting analyses to women whose endometriosis was diagnosed more than 520 

12 months before her endometrial cancer diagnosis. When shifting these three studies from 521 

the strata of studies that did not require temporality to the strata that required temporality and 522 

including these revised study-specific estimates in the temporality-specific meta-analysis, the 523 

SRR was almost halved – reducing from the original SRR of 1.23 to SRR=1.16 (CI=1.02-524 

1.31, I²=6%, P=0.39) (data not shown), similar to the original estimate among the studies 525 

requiring temporality (SRR=1.11)(Figure 3). 526 

  527 

In sensitivity analyses excluding the most influential studies, the SRR ranged from 1.15 528 

(CI=0.93-1.41) when excluding the Mogensen et al. study (Mogensen et al., 2016) to 1.31 529 

(CI=1.05-1.65) when excluding the Borgfeldt and Andolf study (Borgfeldt and Andolf, 2004) 530 

(Supplementary Figure S8-B). There was no evidence of publication bias (Egger’s test: 531 

P=0.85; Begg’s test: P=0.25).  532 

 533 

Two studies have attempted to evaluate the relationships between endometriosis and 534 

endometrial cancer subtypes. Mogensen et al. reported a stronger association for type I 535 

(SIR=1.54, CI=1.20-1.96) versus type II (SIR=1.06, CI=0.28-2.71) tumours, although 536 

confidence intervals were wide for type II tumours and included the SIR and full confidence 537 



interval range observed for type I tumours (Mogensen et al., 2016). Brinton et al. reported a 538 

similar difference in association for both common indolent types (RR=1.14) and uterine 539 

sarcomas (RR=2.72); cases of carcinosarcoma and aggressive types of endometrial cancer 540 

were too few to quantify an association with endometriosis) (Brinton et al., 2005b). 541 

 542 

Skin cancer 543 

Cutaneous melanoma 544 

A total of seven studies were included in the analysis for cutaneous melanoma (Holly et al., 545 

1995; Young et al., 2001; Olson et al., 2002; Brinton et al., 2005a; Melin et al., 2007; Farland 546 

et al., 2017; Saavalainen et al., 2018a), for which the summary association with endometriosis 547 

was a modest borderline-significant SRR=1.17 (CI=0.97-1.41) (Supplementary Figure S6, 548 

Table 2) and no evidence of publication bias was found (Egger’s and Begg’s tests: P=0.88). 549 

There was a moderate level of heterogeneity among studies (I²=51%, P=0.05). There were 550 

slightly higher levels of heterogeneity when comparing studies conducted in Europe 551 

(SRR=1.21, CI=0.99-1.48, I²=69%, P=0.04) versus North America (SRR=1.07, CI=0.57-2.01, 552 

I²=57%, P=0.09). However, here again, the heterogeneity appeared to be attributed to 553 

ROBINS-I risk of bias (low or moderate: SRR=1.71, CI=1.24-2.36, I²=0%, P=0.59; serious or 554 

critical: SRR=1.08, CI=0.87-1.26, I²=32%, P=0.21), with the statistically significant 555 

association observed among those with low/moderate bias. The test for heterogeneity 556 

comparing the endometriosis to melanoma association between the two risk of bias categories 557 

was of borderline statistical significance (Pheterogeneity=0.07). Only one study provided 558 

estimates by tumour characteristics and reported no statistically significant differences 559 

according to melanoma subtype or primary tumour body site (Farland et al., 2017).  560 

 561 

Basal-cell carcinoma 562 



Only two studies have assessed the association between endometriosis and the risk of basal-563 

cell carcinoma (Farland et al., 2017; Saavalainen et al., 2018a). The analysis yielded a SRR of 564 

1.18 (CI=1.11-1.25), with no detected heterogeneity (I²=0%, P=0.89; data not shown) 565 

(Supplementary Table S2). 566 

 567 

Thyroid cancer 568 

The analysis of the association between endometriosis and thyroid cancer included five 569 

studies (Brinton et al., 2005b, 2005a; Melin et al., 2007; Braganza et al., 2014; Guenego et 570 

al., 2018), producing a SRR of 1.39 (CI=1.24-1.57) (Figure 4, Table 2). This was the most 571 

robust positive cancer association, with no evidence of heterogeneity (I²=0%, P=0.69) or 572 

publication bias (Egger’s test: P=0.69; Begg’s test: P=0.49), and most studies considering 573 

temporality (n=4 studies). 574 

 575 

Colorectal cancer 576 

Based on five studies (Olson et al., 2002; Brinton et al., 2005a; Melin et al., 2006; Kok et al., 577 

2015; Saavalainen et al., 2018a), our analysis yielded a SRR of 1.00 (CI=0.87-1.16) for the 578 

association between endometriosis and colorectal cancer risk, with no evidence of publication 579 

bias (Egger’s test: P=0.49; Begg’s test: P=0.21) and low heterogeneity among studies 580 

(I²=40%, P=0.16) (Supplementary Figure S7). However, the association was positive 581 

(SRR=2.29) and of borderline statistical significance (CI=1.00-5.26) when the analysis was 582 

restricted to studies with low or moderate risk of bias (Table 2). 583 

 584 

Cervical cancer 585 

Four studies were included in the analysis of endometriosis in relation to cervical cancer 586 

(Borgfeldt and Andolf, 2004; Melin et al., 2007; Saavalainen et al., 2018b; Saraswat et al., 587 



2018), which yielded a robust statistically significant SRR of 0.68 (CI=0.56-0.82) (Figure 5). 588 

We detected no heterogeneity among studies (I²=0%, P=0.76) nor publication bias (Egger-s 589 

test: P=0.37; Begg’s test: P=0.50). Of note, all studies were conducted in European countries 590 

and all ascertained endometriosis case definition based on self-report (Table 2). 591 

 592 

Other cancer types 593 

The risk of several other cancer types was assessed in relation to endometriosis but in three or 594 

fewer studies: lymphatic and haematopoietic cancers (SRR=1.09, CI=1.00-1.19; I²=86%, 595 

P=0.007; n=2 studies (Melin et al., 2007; Saavalainen et al., 2018a)); non-Hodgkin 596 

lymphoma (SRR=1.18, CI=1.00-1.41; I²=41%, P=0.18; n=3 studies (Olson et al., 2002; Melin 597 

et al., 2006; Saavalainen et al., 2018a)); leukaemia (SRR=1.07, CI=0.88-1.31; I²=14%, 598 

P=0.28; n=2 studies (Melin et al., 2006; Saavalainen et al., 2018a)); lung cancer (SRR=0.94, 599 

CI=0.84-1.04; I²=0%, P=0.64; n=3 studies (Olson et al., 2002; Melin et al., 2006; Saavalainen 600 

et al., 2018a)); gastric cancer (SRR=0.97, CI=0.81-1.18; I²=0%, P=0.52; n=2 studies (Melin 601 

et al., 2007; Saavalainen et al., 2018a)); liver cancer (SRR=1.05, CI=0.77-1.44; I²=0%, 602 

P=0.34; n=2 studies (Melin et al., 2006; Saavalainen et al., 2018a); pancreatic cancer 603 

(SRR=0.96, CI=0.61-1.50; I²=86%, P=0.008; n=2 studies (Melin et al., 2007; Saavalainen et 604 

al., 2018a)); urinary cancer (SRR=0.99, CI=0.83-1.18; I²=0%, P=0.60; n=2 studies (Olson et 605 

al., 2002; Saavalainen et al., 2018b)); bladder cancer (SRR=0.94, CI=0.76-1.14; I²=0%, 606 

P=0.84; n=2 studies (Melin et al., 2007; Saavalainen et al., 2018b)); buccal cancer 607 

(SRR=0.83, CI=0.45-1.55; I²=86%, P=0.007; n=2 studies (Melin et al., 2007; Saavalainen et 608 

al., 2018b)); brain cancer (SRR=1.18, CI=1.02-1.36; I²=49%, P=0.16; n=2 studies (Melin et 609 

al., 2007; Saavalainen et al., 2018a); and renal cancer (SRR=1.20, CI=0.93-1.55; I²=66%, 610 

P=0.09; n=2 studies (Melin et al., 2007; Saavalainen et al., 2018a)) (Supplementary Table 611 

S2). 612 



 613 

DISCUSSION 614 

The present meta-analysis reviewed 49 cohort or case-control studies on endometriosis and 615 

cancer risk published through October 2019. While prior research has focused primarily on 616 

gynaecologic cancers (ovarian cancer: n=24 studies; breast cancer: n=20 studies; endometrial 617 

cancer: n=17 studies), investigation of other cancer sites has been limited (n=2-7 studies). The 618 

included studies in this meta-analysis varied by type of population and source of the 619 

unexposed group, and most were subject to bias; based on the ROBINS-I tool, only 23/49 620 

studies had low/moderate risk of bias, while 26/49 studies had serious or critical risk of bias. 621 

Sensitivity analyses stratified by sample population and study design characteristics yielded 622 

some markedly different summary relative risk effect estimate magnitudes, however, given 623 

the small number of papers contributing to most subgroup analyses power to detect 624 

statistically significant heterogeneity among categories was often low. 625 

 626 

Associations between endometriosis and cancer 627 

In the present meta-analysis, we confirmed that endometriosis was associated with a 1.9-fold 628 

greater risk of ovarian cancer compared with women without endometriosis, with greater 629 

magnitudes and consistency of risk for clear-cell (3.4-fold) and endometrioid (2.3-fold) 630 

subtypes of ovarian cancer. Unfortunately, study heterogeneity was high and publication bias 631 

was evident. Risk was potentially driven by those with an endometrioma, although exclusion 632 

of risk for other endometriosis macro-phenotypes could not be determined. 633 

 634 

Endometriosis was also associated with a very small (4%) but borderline statistically 635 

significant greater risk of breast cancer. Although derived from a much smaller body of 636 

literature (n=5 studies), endometriosis was associated with a 39% greater risk of thyroid 637 



cancer with little heterogeneity identified among studies. The relationship with endometrial 638 

cancer, although reported as statistically significantly positive in previous meta-analyses, was 639 

strongly attenuated in this analysis and not statistically significantly associated with 640 

endometriosis when temporality was rigorously addressed to reduce the high risk of 641 

diagnostic bias. The most robust association observed was a highly significant 30% lower risk 642 

of cervical cancer for women with endometriosis compared with those without. 643 

 644 

Ovarian cancer 645 

The present meta-analysis calculated an 93% greater risk of ovarian cancer among women 646 

with endometriosis compared to those without, which is a higher magnitude than those 647 

yielded in two earlier meta-analyses (Kim et al., 2014: SRRs=1.27 to 1.80; Wang et al., 2016: 648 

OR=1.42) (Kim et al., 2014; Wang et al., 2016), but similar to that in Li et al.’s (Li et al., 649 

2019: SRR=1.96) (Li et al., 2019b). However, compared to our meta-analysis, these earlier 650 

works either considered some study samples twice (where we restricted the most recent 651 

publication from the same study population), included cross-sectional studies, and/or 652 

considered a single study several times when including risk estimates presented for multiple 653 

subgroups. Of note, an analysis by geographic location showed a 4-fold increased ovarian 654 

cancer risk in women with endometriosis in Asia. However, this result is likely driven by the 655 

known higher prevalence of clear cell ovarian cancers in Asian women (Coburn et al., 2017; 656 

Lee et al., 2019), which unfortunately could not be verified in our analysis as estimates by 657 

ovarian cancer histotype were not available in the Asian studies. 658 

 659 

Of critical importance to translation of these results to women with endometriosis, the 660 

clinicians who provide care, scientists considering future studies – and perhaps a warning for 661 

journal editors, is that there was strong evidence for publication bias. This suggests an 662 



overestimation of the magnitude of the association between endometriosis and ovarian cancer. 663 

This may be driven by a belief by reviewers and editors that any study that does not 664 

demonstrate this positive association is incorrect, but it may also reflect that as ovarian cancer 665 

is very rare, extremely large cohort sample sizes or multi-site case-control studies are needed 666 

to yield power to quantify statistical significance that is too often the focus (Farland et al., 667 

2016b; Greenland et al., 2016; Rothman, 2016; Wasserstein and Lazar, 2016; Amrhein et al., 668 

2019). Publication bias is a threat to future studies of endometriosis and other cancer types as 669 

well if assumptions about their relationship with endometriosis also becomes engrained as it 670 

may have for ovarian cancer. 671 

 672 

We also detected a high level of heterogeneity among studies that was in part driven by 673 

ovarian cancer histotype – reinforcing that the higher risk of ovarian cancer in women with 674 

endometriosis is restricted to the clear-cell and endometrioid histotypes, and future studies 675 

should focus on these histotypes rather than on ovarian cancer overall. While we found no 676 

evidence of publication bias in analyses by ovarian cancer histotype, it is important to note 677 

that the tests are likely to be underpowered among the small number of publications that 678 

included these histotypes; we thus cannot rule out publication bias in associations by 679 

subgroup also.  680 

 681 

Some have posited that the endometrioma macro-phenotypic subtype of endometriosis is the 682 

primary pathway for neoplastic transformation (Lac et al., 2019a, 2019b). However, only four 683 

studies quantified endometrioma-specific risk of ovarian cancer, all of which were 684 

underpowered. Furthermore, the estimates included endometrioma regardless of the co-685 

occurrence of other endometriosis macro-phenotypes (i.e. superficial peritoneal or deep 686 

endometriosis); none of the studies were able to restrict risk estimation to presence of 687 



endometrioma exclusively. Superficial peritoneal and deep endometriosis are also associated 688 

with a peritoneal environment (e.g. hyper-inflammatory) (Zondervan et al., 2020) amenable 689 

for malignant transformation and needs to be considered in light of the non-ovarian origin for 690 

many ovarian cancers (Vaughan et al., 2011). Equally importantly, since endometrioma is 691 

more likely to be visualized at diagnostic imaging than other endometriosis subtypes 692 

(Dunselman et al., 2014), a diagnostic bias specific to endometrioma is likely in this 693 

association, which may further bias the results. Moreover, endometriosis is presumably more 694 

likely to be identified and the ovary visualized in women with ovarian cancer than in those 695 

without (which also further reinforces the importance of taking temporality into account). 696 

This diagnostic bias critically needs to be explored in future research in order to determine 697 

whether the association between endometriosis and ovarian cancer is restricted to a specific 698 

endometriosis subtype.  699 

 700 

Some pathologists have argued that endometrioma should be considered a pre-cancerous 701 

lesion. Endometrioma and ovarian cancer share common molecular alterations and somatic 702 

mutations (Ruderman and Pavone, 2017). However, the prevalence of cancer driver mutations 703 

in deep endometriosis lesions is suggested to be identical to that of endometrioma (Anglesio 704 

et al., 2017), and since deep endometriosis is not linked to ovarian cancer (Saavalainen et al., 705 

2018b), we would have expected a significantly higher prevalence of these mutations in 706 

endometriomas to attribute causality. Further, it must be considered that cancer driver 707 

mutations are also observed at high proportions in eutopic endometrium from healthy women  708 

(Lac et al., 2019a). More targeted research that focuses on both endometriosis macro-709 

phenotypic subtypes and restricts to the ovarian cancer histotypes with evidence of 710 

association with endometriosis is needed. It is possible that all endometriosis phenotypes arise 711 

from or catalyse local and systemic changes that increase the risk of clear-cell or 712 



endometrioid ovarian cancer, but endometriomas have a unique (Yland et al., 2019) additional 713 

neoplastic transformation pathway with the highest magnitude of risk. 714 

 715 

Endometrial cancer 716 

In our study, the association with endometrial cancer varied greatly in sensitivity analyses, 717 

with high between-study heterogeneity and evidence of impact by methodologic 718 

considerations among the included studies. While the overall estimate suggested a 23% 719 

greater risk of endometrial cancer in women with endometriosis, the relationship was not 720 

statistically significant – similar to that reported in a recent meta-analysis (17% (Li et al., 721 

2019a)), but not in another in which the magnitude of the relation was higher and statistically 722 

significant (38% (Gandini et al., 2019)). One source of heterogeneity among the meta-723 

analyses may be differing approaches to inclusion/exclusion of studies without adjustment for 724 

potential confounders.  Body mass index in particular is a known risk factor for both 725 

endometriosis (higher risk for those with lean body size) (Shafrir et al., 2018) and endometrial 726 

cancer (higher risk for those with overweight or obese body size) (Renehan et al., 2008)and 727 

must be accounted for to generate valid risk estimates.  728 

 729 

More clearly, in the present meta-analysis, the association remained of similar magnitude and 730 

borderline statistical significance when restricting to retrospective studies. However, the 731 

positive association disappeared entirely in further subgroup analyses; there was a ~10% to 732 

~25% decrease in the summary relative risk estimation when carefully considering 733 

temporality, i.e. endometriosis must be diagnosed prior to the endometrial cancer diagnosis to 734 

invoke risk or causal inference. These differences suggest that, while endometriosis may be 735 

present at the time of endometrial cancer diagnosis over a woman’s lifetime, heightened 736 

detection of endometriosis during the evaluation for endometrial cancer (compared to women 737 



who are not undergoing an evaluation for endometrial cancer) may be driving this association. 738 

These conflicting results remain an intriguing area for future study of both endometriosis and 739 

endometrial cancer physiology. 740 

 741 

Cervical cancer 742 

Our analysis yielded a 32% lower risk of cervical cancer in women with endometriosis, which 743 

is consistent with the findings from previous meta-analyses (33% (Li et al., 2019a) and 22% 744 

(Gandini et al., 2019)). However, the association between endometriosis and cervical cancer 745 

needs careful interpretation as there is an obvious sociologic mechanism. Women successfully 746 

diagnosed with endometriosis by definition have better than typical access to health care 747 

(Shafrir et al., 2018) and are more likely than women without endometriosis to be exposed to 748 

frequent gynaecologist visits. They therefore are also more likely to receive routine screening 749 

for and detection and treatment of cervical hyperplasia. Therefore, we hypothesize that this 750 

inverse association most likely does not reflect causality but implies diagnostic and treatment 751 

bias. This shows the importance of taking into account the impact of the healthcare system 752 

and access to care when assessing the associations between endometriosis and cancer. 753 

However, there are other feasible pathways that should be the target of future studies 754 

including if women with endometriosis have a lower prevalence of HPV infection potentially 755 

due to the negative impact of dyspareunia and chronic pelvic pain on sexual relationships, or 756 

if there is altered cervical or vaginal physiology or local environmental milieu that could 757 

protect against distal neoplastic transformation. 758 

 759 

Other cancers 760 

Our results suggest that endometriosis is associated with breast cancer at a very low 761 

magnitude (4% greater risk compared to women without endometriosis). This estimate is 762 



consistent with that reported by Gandini et al. (Gandini et al., 2019). However, the majority of 763 

risk factors of breast cancer have clear subtype associations with emerging physiologic 764 

patterns and therefore breast cancer can definitively not be treated as one entity (Glynn et al., 765 

2019; Mavaddat et al., 2019; Vallvé-Juanico et al., 2019). Unfortunately, only one study has 766 

reported on the association with endometriosis by breast cancer subtypes; Farland et al. 767 

reported a 90% greater risk of ER+/PR- tumours in women with endometriosis (Farland et al., 768 

2017), but a null association with other tumour subtypes. Future studies, similar to the 769 

emerging evidence for ovarian cancer, must attempt to identify variation in risk by breast 770 

cancer subtypes.  Further, we found a 39% greater risk of thyroid cancer in women with 771 

endometriosis compared to women without endometriosis. The association with 772 

endometriosis may be another example of diagnostic bias as in the US, there has been a large 773 

increase in diagnosis of early stage thyroid cancer that reflects overdiagnosis among those 774 

with high access to care (Jegerlehner et al., 2017).  775 

 776 

Regarding cutaneous melanoma, although the risk estimate was close to statistical 777 

significance, our results suggest no association between endometriosis and the risk of this 778 

cancer, consistent with those from Gandini et al. (Gandini et al., 2019). However, more than 779 

for any other cancer, the magnitude of the summary risk ratio and statistical significance was 780 

considerably greater when the meta-analysis was restricted to studies with low / moderate risk 781 

of bias. This suggests that compared to the other cancers explored, biases may more strongly 782 

be masking a true association between endometriosis and cutaneous melanoma and warrants 783 

continued high quality future study. In contrast, in the present meta-analysis, there was also 784 

no evidence of an association with colorectal cancer, which had never been reported in 785 

previous meta-analyses, in the main or any sensitivity analysis. Our results also suggest no 786 

statistically significant association with haematopoietic, lung, gastric, liver, pancreatic, 787 



urinary tract, buccal, or renal cancers, and a modest increased risk of brain cancer. However, 788 

the number of studies reporting risk estimates for these associations is very low; therefore, 789 

further research needs to be undertaken before any conclusion can be made. 790 

 791 

Critical methodologic complexities to consider in the field  792 

Using the ROBINS-I tool, the risk of bias was severe or critical for 69% of the 42 included 793 

studies investigating the association between endometriosis and cancer risk. Therefore, 794 

determination of the true magnitude of risk and precise statistical associations, and thus causal 795 

inference, is premature. Future studies attempting to yield valid estimates must incorporate 796 

these key methodologic issues to advance this field. 797 

 798 

Temporality 799 

If endometriosis is a causal factor contributing to the aetiology of cancer, then endometriosis 800 

must occur before the cancer. To require this temporality, the use of a prospective cohort 801 

design is recommended, allowing for time-varying covariate analysis with a duration of 802 

follow-up sufficiently long to allow for post-endometriosis cancer initiation and promotion.  803 

Nevertheless, retrospective designs (case-control or retrospective cohort studies) can validly 804 

require temporality by strictly defining the exposure to include only endometriosis diagnosed 805 

at least one year prior to cancer diagnosis.  A longer window would be more conservative 806 

with respect to a biologically sound window for causal contribution to cancer development, 807 

while this window is more conservative with respect to retaining study sample size. Our meta-808 

analytic findings indeed illustrate that taking temporality into account can dramatically 809 

change conclusions, as shown for the purported association between endometriosis and 810 

endometrial cancer. Documentation and incorporation of dates of diagnosis are thus essential 811 

and cross-sectional diagnosis is invalid for causal inference. Nonetheless, causal inference 812 



remains complex given our lack of knowledge regarding the natural history of endometriosis 813 

initiation and progression, together with long delays to surgically or radiologically visualized 814 

diagnosis and more well understood, but imprecise timing for onset of cancer. Ideally, given 815 

the current delay from symptom onset to diagnosis for endometriosis (Nnoaham et al., 2011), 816 

we would further wish to explore the impact of a latency window relative to symptom onset; 817 

however, no study has yet included analysis by symptom timing. Accounting for time-varying 818 

potential confounders and consideration of effect modifiers associated with likelihood of and 819 

time to diagnosis will help to better elucidate the potential true associations. 820 

 821 

Misclassification and population sampling 822 

Endometriosis has a high potential to be misclassified, either by being over-reported (in 823 

hospital/clinical-based studies) or under-reported (in population-based studies) (Ghiasi et al., 824 

2020). Indeed, investigations are able to document only those women who successfully 825 

achieved evaluation and diagnosis (Shafrir et al., 2018). Because of the lack of a non-invasive 826 

diagnostic tool, diagnostic biases are likely driven by the characteristics of women who are 827 

able to access surgical or imaging diagnosis, or by the clinical symptoms characteristic of 828 

different endometriosis subphenotypic populations  (Zondervan et al., 2020). In addition, the 829 

potential for diagnostic bias is likely to change over time due to the beneficial evolution of 830 

diagnostic methods and definitions, changing awareness of endometriosis in the population, 831 

and improved access to care. 832 

 833 

Given these detection biases, with current barriers to diagnosis, regardless of study design, 834 

there will always be undiagnosed cases of endometriosis included within the unexposed group 835 

of women, which will attenuate the quantified associations. This may be particularly 836 

impactful for studies of endometriosis and cancer as the proportion of undiagnosed cases will 837 



be larger as we move earlier in calendar time, and yet we need prospective studies of long 838 

duration to allow for the post-endometriosis window of cancer initiation, promotion, and 839 

detection.  840 

 841 

In addition, specific issues relate to the selection of the comparison/unexposed group in 842 

endometriosis studies (Missmer, 2019). While population-based studies are estimated to have 843 

a low risk of bias (Zondervan et al., 2002), those basing the comparison group on a selected 844 

sample (women with infertility or who have undergone hysterectomy) have even lower levels 845 

of endometriosis misclassification.  However, this selection introduces impactful biases that 846 

force comparison of endometriosis pathology to the other pathologies that brought the women 847 

into the restricted population (i.e. other causes of infertility) that also may be associated with 848 

cancer risk and thus drive the association to the null (Missmer, 2019).   849 

       850 

Confounding and mediation 851 

As described in more detail below, it is important to evaluate if the associations under study 852 

are driven by common risk factors, should they precede both endometriosis and cancer 853 

(confounding) (Correia et al. in press HR 2020 if ePub in time) or be along the causal 854 

pathway between endometriosis and cancer (mediation) (Farland et al. in press HR 2020 if 855 

ePub in time). 856 

   857 

Study robustness and study heterogeneity 858 

Statistically significant heterogeneity was observed among the endometriosis-associated 859 

literature for a large portion of cancer types (overall cancer risk and risk of ovarian, breast, 860 

and endometrial cancers, with possible heterogeneity of borderline statistical significance for 861 

cutaneous melanoma risk). Heterogeneity was in part driven by important limitations of many 862 



of the studies that resulted in high risk of bias (e.g. misclassification of endometriosis or 863 

cancer, temporality, confounding, missing data, population selection) and thus likely effect 864 

estimates that were at best inaccurate and at worst invalid. Heterogeneity was also contributed 865 

to by internally valid but comparatively different characteristics of the study-specific 866 

populations. From one population to another we would expect true differences in the 867 

prevalence of endometriosis and in the incidence and distributions of different cancer types.  868 

For overall cancer risk in particular, the relative risk would be skewed to an inverse 869 

association if the population over-selected for cervical cancers, but skewed to a direct 870 

association if the population over-selected for ovarian cancers. Differences in other 871 

population characteristics may include confounding or mediating environmental exposures on 872 

one continent compared with another, the age distribution of the population, or access to care 873 

differences among populations that could be driven by different calendar time windows or by 874 

health care infrastructure differences during comparable time periods. It is also important to 875 

highlight that the studies are skewed toward populations within Europe or of European 876 

descent, and thus if risk heterogeneity by race/ethnicity or region exist, they are wholly absent 877 

or underpowered for discovery via meta-analysis of the current literature. 878 

 879 

Endometriosis and cancer disease heterogeneity 880 

Very few studies were sufficiently powered to evaluate risk heterogeneity attributable to 881 

endometriosis phenotypes or to cancer subtypes. A large impediment is the lack of routine, 882 

harmonized documentation of endometriosis characteristics, whether macro-phenotype 883 

(endometrioma, superficial peritoneal, or deep endometriosis) or rASRM stage (Becker et al., 884 

2014) and its absence from ICD coding (Whitaker et al., 2019). Recording (Becker et al., 885 

2014; Vitonis et al., 2014) and using such data is critical however, as identifying associations 886 

with the different forms of endometriosis may lead to new insights into the aetiology of the 887 



disease (Zondervan et al., 2018, 2020) (Zondervan et al., 2018). Our subgroup meta-analyses 888 

reinforced that the association between endometriosis and ovarian cancer was restricted to 889 

specific cancer subtypes (clear-cell and endometrioid). However, only four studies examined 890 

the association with ovarian cancer according to endometriosis macro-phenotype, and none 891 

were able to provide estimates for any type exclusively. 892 

 893 

Despite the well-established distinct highly informative cancer subtypes, few studies have 894 

quantified the association between endometriosis and cancer subtypes. For example – only 895 

two studies examined breast cancer subtype, one categorizing breast cancer cases by ER/PR 896 

tumour receptor status (Farland et al., 2016a) and one by histologic type (Mogensen et al., 897 

2016)). Two studies examined heterogeneity in the association with endometrial cancer – one 898 

by endometrial cancer histotype  (Brinton et al., 2005a) and one by type I/II tumour type 899 

(Mogensen et al., 2016)). One study has quantified the relation between endometriosis and 900 

melanoma subtypes (Farland et al., 2017). Only Kok et al. attempted to explore cancer risk 901 

(endometrial cancer) by endometriosis macro-phenotype (Kok et al., 2015).  No study has 902 

evaluated cancer risk among women with extra-pelvic endometriosis. 903 

 904 

One study produced cross-categorized risk estimates by macro-phenotype of endometriosis 905 

and ovarian cancer subtype (Saavalainen et al., 2018b). An approach that includes estimates 906 

by different endometriosis and cancer types must become the seminal approach whenever 907 

possible going forward in order to fully explore disease heterogeneity. Until this specific body 908 

of literature expands, we will not have a clear understanding of the link between 909 

endometriosis and cancer risk. The difficulty is: from where will these required data come? 910 

Future research needs to focus on identifying heterogeneity that reflects informative effect 911 

modification or true endometriosis phenotypic or cancer type variation. The emerging ovarian 912 



cancer data provides early evidence of the latter, as study heterogeneity was no longer present 913 

in analyses stratified by ovarian cancer subtype.  914 

 915 

Publication bias 916 

Our meta-analysis demonstrated strong evidence for publication bias in the association 917 

between endometriosis and ovarian cancer, which likely distorted the meta-analytic result by 918 

overestimating this association. This suggests that while the body of literature focused on the 919 

relation between endometriosis and ovarian cancer is largest by far among all cancer type-920 

specific exploration, it is skewed toward successful acceptance of studies showing a positive 921 

association.  In order to obtain a true quantification of cancer risk in women with 922 

endometriosis, high-quality studies need to be published regardless of the direction or 923 

magnitude of their result (whether null, positive, or inverse), so as to not mislead 924 

interpretation and mask truth. 925 

 926 

Potential underlying mechanisms 927 

Focusing where robust associations between endometriosis and cancers are observed that 928 

allow for generation of hypotheses regarding causal physiologic mechanisms, we first must 929 

consider if shared risk factors (e.g. genetic susceptibility or an associated patient characteristic 930 

or environmental exposure) is driving the association between endometriosis and cancer 931 

rather than a direct causal pathway. Cross-disease genetic correlation analyses, which use 932 

genome-wide association studies datasets, have reported loci common to endometriosis and 933 

ovarian cancer, again particularly with the clear-cell, endometrioid, and serous histotypes (Lu 934 

et al., 2015; Lee et al., 2016), and between endometriosis and endometrial cancer, with 13 935 

loci identified as implicated in both diseases (Painter et al., 2018). However, it is important to 936 

note that these studies did not explore variation in loci associations by method of 937 



endometriosis case ascertainment nor did they consider the potential influence of diagnostic 938 

biases. 939 

 940 

Known shared risk factors between endometriosis and cancer include demographics, 941 

anthropometry, menstrual cycle characteristics, lifestyle, and environmental toxins, which 942 

may confer classic confounding of the quantified association between the conditions if not 943 

accounted for in study design or statistical analyses. Too few studies adjusted for any 944 

potential confounders beyond age, let alone comparable confounding adjustment among the 945 

studies, to compare meta-analytic results stratified by the confounders considered in the 946 

study-specific multivariable analyses.  However, when we restricted the analysis to those 947 

studies with low or moderate risk of bias, which were required by the ROBINS-I tool to 948 

consider potential confounders, the magnitude of associations was often strengthened, 949 

suggesting an overall negative confounding effect of such factors. 950 

 951 

As noted above, the inverse association between endometriosis and cervical cancer may be 952 

unique in this footprint as it could be modified by selection bias toward a population with 953 

high access to care (women who were successfully diagnosed with endometriosis also have 954 

access to routine screening) or be mediated by the detrimental impact of endometriosis-955 

specific symptoms on sexual health that may unintentionally lower risk of HPV infection 956 

(Johnson et al., 2019).   957 

 958 

It may be that independent of overlapping risk factors and their resulting neoplastic pathways, 959 

endometriosis has a causal effect on malignancy.  Quantifying mediation between 960 

endometriosis and cancer risk would lend insight into the pathways to which these 961 

associations are attributable.  Mediators  – factors occurring after endometriosis but before the 962 



cancer that are along the potential causal pathways (Farland et al. in press HR 2020 if ePub in 963 

time), may include infertility, depression, anxiety, chronic stress, or endometriosis symptom-964 

related lifestyle adaptations such as decreased physical activity (Sotelo et al., 2014; Brinton, 965 

2017; Tanbo and Fedorcsak, 2017; Shafrir et al., 2018; Brasil et al., 2019; McTiernan et al., 966 

2019) – all of which are more common in women with endometriosis compared to women 967 

without and are also cancer risk factors. 968 

 969 

Similarly, mediators may include treatment for endometriosis or endometriosis-associated 970 

symptoms (analgesics, oral contraceptives, progestins, GnRH agonists, lesion 971 

excision/ablation, hysterectomy, bilateral salpingo-oophorectomy) that have been associated 972 

with risk of specific cancer types  (Luo et al., 2016; Iversen et al., 2017; Barnard et al., 2018; 973 

Vercellini et al., 2018). NSAID use is a potential mediator given that women with 974 

endometriosis more frequently use NSAIDs on a long-term basis compared to women without 975 

endometriosis, and  NSAID use at high doses for durations over 10 years has been associated 976 

with ovarian cancer risk (Trabert et al., 2019). These data may simply suggest that high dose 977 

long duration NSAID use is actually proxy for endometriosis, and thus formal mediation 978 

analyses would be beneficial.  An example of the potential for quantifying mediation is the 979 

determination that while women with endometriosis are more likely to undergo 980 

hysterectomy/oophorectomy compared to premenopausal women without endometriosis, 981 

these surgeries have also been associated with a higher risk of coronary heart disease (Howard 982 

et al., 2005). Thus, a mediation analysis within the Nurses’ Health Study II, quantified that 983 

while endometriosis was associated with a 1.62-fold higher risk of coronary heart disease, 984 

42% of this association was mediated by (attributed to) hysterectomy/oophorectomy (Mu et 985 

al., 2016). 986 

 987 



Through these mediators or through other direct pathways, endometriosis may induce 988 

systemic changes that initiate or promote cancer or create a hospitable milieu, including 989 

chronic inflammation, aberrant immune response, or aberrant hormonal milieu (Zondervan et 990 

al., 2018).  These pathways may underlie the greater risk of distal cancers, such as thyroid 991 

cancer or cutaneous melanoma, and also may underlie the greater risk of clear-cell and 992 

endometrioid ovarian cancer if one exists for women with superficial peritoneal endometriosis 993 

only.  Most pathology-focused discovery supports that  endometriomas, particularly 994 

“atypical” endometriomas, have the potential for neoplastic transformation to clear-cell and 995 

endometrioid ovarian cancers that may be catalysed by interactive alterations in the ovarian 996 

microenvironment (Vercellini et al., 2018). 997 

 998 

The mechanisms underlying the differential associations observed between endometriosis and 999 

the risk of certain cancers (ovarian, breast, thyroid cancers) and not others need to be 1000 

explored. To elucidate the pathways by which women with endometriosis appear to be at 1001 

higher risk of some cancer types and not of others, cancer type-specific studies with low risk 1002 

of bias must be added to the current body of literature, and emerging fundamental discoveries 1003 

of -omic driven pathways must be associated with endometriosis-specific pathophysiologic 1004 

patterns. 1005 

 1006 

Informing women with endometriosis about their cancer risk 1007 

The reported link between endometriosis and cancer has, understandably, raised concerns in 1008 

women with endometriosis. It is our responsibility to accurately inform and, where 1009 

appropriate, reassure them with regards to their long-term cancer risk in context relative to 1010 

women without endometriosis. For clinicians, these concerns raise practical issues for long-1011 



term management of endometriosis patients through adulthood and past the menopausal 1012 

transition. 1013 

 1014 

Recently, in an attempt to provide clinicians with tools to communicate accurately and 1015 

effectively with patients about their risk of ovarian cancer, we argued that ovarian cancer is 1016 

rare regardless of women’s endometriosis status: the absolute risk to develop this neoplasm in 1017 

the general population is 1.3% according to the National Cancer Institute Surveillance, 1018 

Epidemiology, and End Results Program (National Cancer Institute, 2017). Translating the 1019 

highest quantified relative risk from the meta-analyses conducted on ovarian cancer at the 1020 

time of that commentary (SRR=1.42) the absolute risk for women with endometriosis was 1021 

1.8% -- just 0.5% difference from women without endometriosis and still very low (Kvaskoff 1022 

et al., 2017). Updating this absolute estimate with quantified risk estimate from the present 1023 

meta-analysis (SRR=1.93), this absolute risk increased to 2.5%, which is 1.2% greater than 1024 

the absolute risk for women without endometriosis and still very low. Moreover, it is 1025 

important to remind once again that the observed significant publication bias for the 1026 

association between endometriosis and ovarian cancer, suggests that this risk is likely 1027 

overestimated and thus the true absolute risk is likely smaller.  As discussed above, data are 1028 

needed to support the next critical calculations needed by women and clinicians -- the 1029 

endometrioma-specific absolute risk of clear cell or endometrioid ovarian cancer. 1030 

 1031 

Further, the absolute risk of developing breast cancer in any woman’s lifetime is 12.8% 1032 

(National Cancer Institute, 2017); applying the current study’s meta-analytic result for 1033 

endometriosis-associated risk of breast cancer (SRR=1.04), this lifetime breast cancer risk 1034 

translates to 13.3% for women with endometriosis. Finally, for thyroid cancer, the NCI stated 1035 

lifetime absolute risk of 1.3% translates (SRR=1.39) to 1.8% for women with endometriosis. 1036 



Therefore, while a statistically significant relative risk between endometriosis and these three 1037 

types of cancer were confirmed in this meta-analysis, it is important to stress that based on the 1038 

currently available evidence, the increase for women with endometriosis in terms of absolute 1039 

cancer risk is very small. 1040 

 1041 

Cancer screening and monitoring recommendations for clinicians 1042 

The report of a higher cancer risk in women with endometriosis could lead clinicians to offer 1043 

more regular cancer screening to women with endometriosis.  However, the results of this 1044 

meta-analysis, which show 1% or smaller increases in the lifetime risks of ovarian, breast, and 1045 

thyroid cancers in women with endometriosis compared to those without, suggest that 1046 

currently no resource utilizing cancer screening guideline should be made due to the presence 1047 

of endometriosis alone. Screening guidelines are not only based on the incidence of disease, 1048 

but also on whether increased screening improves outcomes of patients (decreases morbidity 1049 

and mortality).  So even if the incidence was higher, unless there is documented benefit, we 1050 

should not be screening 1051 

 1052 

The same recommendations for women in the general population apply to women with 1053 

endometriosis, with heightened screening only for those with known non-endometriosis 1054 

specific risk factors, (e.g. family history of cancer, germline mutation predisposing to cancer 1055 

risk). The American Cancer Society recommends regular screening for breast, cervical, and 1056 

colorectal cancers based on scientific evidence that shows these screenings save lives 1057 

(American Cancer Society, 2018). Regular screening for ovarian cancer through serum CA-1058 

125 measurements or trans-vaginal ultrasound is not recommended, since randomized-1059 

controlled trials have shown no benefit of these measures on early detection of ovarian cancer 1060 

or mortality reduction (Buys et al., 2011; Jacobs et al., 2016). Significant harms have been 1061 



documented for women receiving false-positive test results for ovarian cancer, such as 1062 

unnecessary surgery, surgical complications, infections, and cardiovascular or pulmonary 1063 

complications (Buys et al., 2011). 1064 

 1065 

In the case of ovarian cancer, some have called for radical preventive measures to reduce risk, 1066 

such as bilateral salpingo-oophorectomy (BSO). BSO is not recommended systematically to 1067 

prevent ovarian cancer in women with endometriosis (Mallen et al., 2018) and should be 1068 

approached with caution. While BSO is recommended as an effective approach to reduce risk 1069 

of ovarian cancer in high-risk women (i.e. those with a family history of ovarian or breast 1070 

cancer or with known germline mutation) (Berek et al., 2010), BSO is associated with 1071 

important long-term health risks (Parker et al., 2009) of markedly higher incidence than the 1072 

risk of ovarian cancer in women with average lifetime absolute risk. Premenopausal women 1073 

undergoing BSO have a 162% increased risk of cardiovascular disease  (Atsma et al., 2006) 1074 

and are at significantly higher risk not just of cardiologic sequelae (hyperlipidemia, cardiac 1075 

arrhythmias, coronary heart disease) but also of depression, arthritis, asthma, chronic 1076 

obstructive pulmonary disease, and osteoporosis (Rocca et al., 2016). In postmenopausal 1077 

women, BSO is also associated cardiovascular diseases as well as adverse effects on anxiety 1078 

and sexual function (Chen et al., 2013), fracture risk (Melton et al., 2003), neurologic 1079 

disorders, and cognitive impairment (Parker, 2010). While the gynaecologic specialists caring 1080 

for women with endometriosis are also on the front line for the diagnosis of – and all too often 1081 

– tragic care for women with of ovarian cancer, potentially obscuring its rarity, wome 1082 

gynaecologists might not be aware of the adverse non-reproductive health outcomes of 1083 

women with endometriosis, and thus will often not be aware of the impact of BSO on the 1084 

cardiovascular and other health consequences for their patients in the long-term. 1085 

 1086 



Further, BSO does not save Quality-Adjusted Life Years (QALYs) and is not cost-effective in 1087 

low-risk postmenopausal women (Manchanda et al., 2015), which does not support 1088 

recommending BSO in endometriosis patients given their lifetime absolute risk in exactly this 1089 

range. We also cannot ignore this updated evidence that there is significant publication and 1090 

diagnostic bias within the current body of endometriosis and ovarian cancer literature that 1091 

may be influential.  Indeed, the strong, consistent protective effect of endometriosis on 1092 

cervical cancer risk – the most preventable form of cancer because of screening and early 1093 

action when dysplasia is discovered – should give us pause when interpreting these 1094 

associations in the context of endometriosis diagnosis that cannot yet be disentangled from 1095 

access to health care. 1096 

 1097 

Alternatively, if it is confirmed that subtypes of endometriomas such as endometriomas with 1098 

“atypical” characteristics (Vercellini et al., 2018)) are associated with relative risk of clear 1099 

cell or endometrioid ovarian cancer that is multiples higher than the current “overall” 1100 

endometriosis and ovarian cancer estimates, this may alter these conservative 1101 

recommendations and suggest that those women with some endometriosis subtypes constitute 1102 

a unique high risk group markedly different in absolute risk from other women with and 1103 

without endometriosis.  Most of the studies referring to “atypical” endometriosis come from 1104 

pathologic studies of ovarian cancer cases showing ‘atypical’ endometrioma in the same 1105 

woman. It remains untested whether these “atypical” endometriomas are actual precursor 1106 

lesions or if they are field effects of the proximal ovarian cancer tumor. Thus, care and long-1107 

term management decisions, of course, must vary according to the woman’s personal and 1108 

medical history, characteristics and other risk factors, and preferences after she is fully 1109 

informed of the current evidence, balanced with known benefits and potential risks. 1110 

 1111 



Conclusion 1112 

This meta-analysis quantified positive associations between endometriosis and ovarian, breast 1113 

and thyroid cancers, but no association with colorectal cancers, while associations with other 1114 

cancer types remain too sparsely documented. The association with endometrial cancer was 1115 

null with evidence of diagnostic bias. Overall, we conclude that the current evidence is 1116 

influenced by high risk of bias in the majority of included studies.  1117 

 1118 

Given their low absolute risk of ovarian, breast, and thyroid cancers and the uncertainty with 1119 

regards to their risk of other cancer types, general prevention messages may be delivered to 1120 

endometriosis patients: to be aware of well demonstrated cancer risk factors and to focus on 1121 

aspects of wellness demonstrated to reduce cancer risk 1122 

(https://siteman.wustl.edu/prevention/ydr/); all women will benefit from recommendations to 1123 

avoid smoking, maintain a healthy weight, exercise regularly, have a balanced diet with high 1124 

intakes of fruits and vegetables, low intake of alcohol, and use sun protection. 1125 

 1126 

There are important public health and prevalent clinical care implications of the potential link 1127 

between endometriosis and cancer, thus additional rigorous investigations are high priority to 1128 

advance knowledge for women with endometriosis. Future research on the association 1129 

between endometriosis and ovarian cancer must eliminate publication bias and determine 1130 

whether risk is restricted to the endometrioma macro-phenotype. Indeed, for all 1131 

endometriosis-associated cancer discovery, future research must target endometriosis macro-1132 

phenotypic subtypes and known cancer subtypes. That the association with cutaneous 1133 

melanoma was only evident when studies were restricted to those with low risk of bias 1134 

suggests that the definitive association has not yet been determined and warrants additional 1135 

investigation. The lack of association with endometrial cancer is an intriguing area for future 1136 

https://siteman.wustl.edu/prevention/ydr/


study of both endometriosis and endometrial cancer physiology, given the eutopic 1137 

endometrial markers found in women with endometriosis that have been hypothesized to 1138 

drive retrograde menstruation-related ectopic endometrial implantation and survival. That 1139 

endometriosis has multiple neoplastic hallmarks and yet is not subject to uncontrolled growth 1140 

may be elucidated through better understanding of the lack of an endometriosis and 1141 

endometrial cancer association.  Finally, the robust ‘protective’ association quantified 1142 

between endometriosis and cervical cancer also warrants investigation to determine if it is a 1143 

consequence of bias driven by access to care or if there is a true relationship with underlying 1144 

protective physiologic mechanisms within women with endometriosis. 1145 

  1146 
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Table 1.  Risk of bias for the 49 publications (1993-2019) from 38 studies , based on the ROBINS-I tool (low, moderate, serious, critical) 

Author, Year, Location 

Type of bias 
Overall  
rating  

Bias due to 
confounding 

Bias due to 
selection of 
participants 

Bias due to 
exposure 
assessment 

Bias due to 
misclassification 
during follow-up 

Bias due to 
missing data 

Bias due to 
measurement of 
the outcome 

Bias due to 
selective reporting 
of the results 

Moseson et al., 1993, USA Low Moderate Serious Moderate Low Moderate Moderate Serious 
Holly et al., 1995, USA Serious Moderate Serious Moderate No information Low Moderate Serious 
Venn et al., 1999, Australia Serious Moderate Low Moderate Moderate Low Moderate Serious 
Weiss et al., 1999, USA Low Moderate Serious Moderate No information Moderate Low Serious 
Baron et al., 2001, USA Low Moderate Serious Moderate Moderate Moderate Moderate Serious 
Young et al., 2001, Australia Serious Moderate Low Moderate No information Moderate Moderate Serious 
Ness et al., 2002, Multiple 
locations  

Low Moderate Serious  Moderate Moderate Moderate Low Serious 

Olson et al., 2002, USA Low Moderate Serious Low Moderate Moderate Low Serious 
Borgfeldt et al., 2004, Sweden Critical Moderate Low Moderate Moderate Moderate Moderate Critical 
Brinton et al., 2004, USA Critical Moderate Low Moderate Low Low Moderate Critical 
Brinton et al., 2005, Denmark Low Low Low Low Low Low Low Low 
Brinton et al., 2005, USA Moderate Moderate Low Low Low Low Low Moderate 
Melin et al., 2006, Sweden Critical  Moderate Low Low No information Low Moderate Critical  
Bertelsen et al., 2007, Denmark Low Low Low Low No information Low Low Low 
Kobayashi et al., 2007, Japan Serious Low Low  Moderate Low Low Low Serious 
Melin et al., 2007, Sweden Serious Moderate Low Low No information Low Low Serious 
Fortuny et al., 2009, USA Moderate Moderate Serious Moderate No information Moderate Low Serious 
Zucchetto et al., 2009, Italy  Low Moderate Serious Moderate Moderate Moderate Low Serious 
Bodmer et al., 2011, UK Serious Moderate Low Moderate Moderate Moderate Low Serious 
Nichols et al., 2011, USA Low Moderate  Serious Moderate Moderate Moderate Low Serious 
Rowlands et al., 2011, Australia Low Moderate Serious Moderate Moderate Moderate  Low Serious 
Pearce et al., 2012 
Multiple locations  

Moderate Moderate Serious Moderate Low Moderate Low Serious 

Stewart et al., 2012, Australia Low Moderate Low Low Low Low Low Moderate 
Buis et al., 2013, The 
Netherlands 

Low Moderate Low Low Moderate Low Low Moderate 

Morales et al., 2013, Puerto Rico Low Moderate Serious  Moderate Moderate Low Moderate Serious 
Stewart et al., 2013, Australia Low Moderate Low Low No information Low Low Moderate 
Braganza et al., 2014, USA Low Low Serious Low Low Low Low Serious 
Brinton et al., 2014, USA Moderate Moderate Low Low Low Low Low Moderate 
Chang et al. 2014, Taiwan Low Low Low Low No information Low Low Low 



  

Chuang et al., 2015, Taiwan Low Low Low Low No information Low Low Low 
Kok et al., 2015, Taiwan Low Low Low Low No information Low Low Low 
Farland et al., 2016, USA Low Low Low Low No information Low Low Low 
Mogensen et al., 2016, Denmark  Low Low Low Low No information Low Low Low 
Ruiz et al., 2016, USA No information Moderate Serious  Moderate No information Moderate Moderate Serious 
Wentzensen et al., 2016 
Multiple locations  

Low Low Moderate Low Low Low  Low Moderate 

Farland et al., 2017, France                       Low Low Low Low Low Low Low Low 
Koushik et al., 2017, Canada Low Moderate Serious  Moderate Low Moderate Low Serious 
Poole et al., 2017, USA    Low Low Low Low Low  Low Low Low 
Saavalainen et al., 2018, Finland Critical Low Low Low No information Low Low Critical 
Saavalainen et al., 2018, Finland Critical Low Low Low No information Low Low Critical 
Saraswat et al., 2018, Scotland Moderate Low Low Low Low Low Low Moderate 
Stewart et al., 2018, Australia Low Low Low Low No information Low Low Low 
Surrey et al., 2018, USA Moderate Low Low Low No information Low Low Moderate 
Williams et al., 2018, UK Critical Low Low Low Low Low Low Critical 
Guenego et al., 2018, France Low Low Low Low Low Low Low Low 
Park et al., 2018, USA Low Moderate Low Moderate Low Moderate Low Moderate 
Vassard et al., 2019, Denmark  Low Moderate  Low Low Low Low Moderate  Moderate 
Hsu et al., 2019, Taiwan Moderate Low Low Low No information Low Low Moderate 
Lundberg et al., 2019, Sweden Low Moderate Low Low Low Low Low Moderate 



Table 2. Summary relative risks (SRR) and 95% confidence intervals (CI) for the associations between 
endometriosis and cancer risk, overall and by cancer type for those cancer types with at least 4 studies published 
through 2019 
 Number of studies SRR (95% CI) I² (%) Pa

within Pb
between 

Overall cancer      
All Studies 5 1.07 (0.98-1.16) 87.9 <0.0001  
By Study Design      

Case-Control 0 -- -- --  
Cohort 5 1.07 (0.98-1.16) 87.9 <0.0001  

Retrospective cohort 4 1.10 (1.00-1.21) 90.4 <0.0001 0.33  
Prospective cohort 1 0.90 (0.77-1.05) -- --  

By Geographical Location      
North America 1 0.90 (0.77-1.05) -- -- 0.20 

Europe 3 1.03 (0.97-1.11) 84.8 0.001  
Asia 1 1.80 (1.37-2.36) -- --   

Australia 0 -- -- --  
Multiple Locations 0 -- -- --  

By Assessment of Endometriosis      
Self-reported 1 0.90 (0.77-1.05) -- -- 0.33 

Medical Records / Registry 4 1.10 (1.00-1.21) 90.4 <0.0001  
Required Temporalityc      

No 0 -- -- --  
Yes 5 1.07 (0.98-1.16) 87.9 <0.0001  

ROBINS-I Risk of Bias      
Low/moderate 2 1.45 (0.98-2.13) 86.0 0.008 0.08 
Serious/critical 3 0.99 (0.96-1.02) 36.6 0.21  

      
Ovarian cancer      
All Studies 24 1.93 (1.68-2.22) 77.5 <0.0001  
By Study Design      
            Case-Control 7 1.49 (1.35-1.63) 0.0 0.62 0.17 

Cohort 17 2.14 (1.78-2.58) 82.1 <0.0001  
Retrospective cohort 14 2.03 (1.69-2.45) 77.2 <0.0001 0.42 

Prospective cohort 3 2.83 (1.32-6.07) 93.7 <0.0001  
By Geographical Location      

North America 5 2.14 (1.38-3.32) 74.0 0.004 0.09 
Europe 11 1.81 (1.55-2.10) 74.7 <0.0001  

Asia 3 4.22 (1.70-10.46) 68.7 0.04  
Australia 2 1.99 (1.02-3.88) 0.0 0.53  

Multiple locations 3 1.44 (1.31-1.59) 0.0 0.83  
By Assessment of Endometriosis      

Self-reported 7 1.50 (1.34-1.67) 0.0 0.61 0.35 
Medical Records / Registry 19 2.07 (1.75-2.44) 76.8 <0.0001  

Required Temporalityc      
No 13 1.79 (1.55-2.05) 63.8 0.001 0.46 

Yes 11 2.19 (1.64-2.92) 85.3 <0.0001  
      



Table 2. Summary relative risks (SRR) and 95% confidence intervals (CI) for the associations between 
endometriosis and cancer risk, overall and by cancer type for those cancer types with at least 4 studies published 
through 2019 
 Number of studies SRR (95% CI) I² (%) Pa

within Pb
between 

ROBINS-I Risk of Bias      
Low/moderate 13 2.09 (1.69-2.59) 77.8 <0.0001 0.50 
Serious/critical 11 1.80 (1.49-2.17) 77.3 <0.0001  

Ovarian Cancer Subtypes      
Clear-cell 5 3.44 (2.82-4.20) 13.5 0.33 <0.0001 

Endometrioid 5 2.33 (1.82-2.98) 54.0 0.07  
Serous 6 1.17 (1.03-1.32) 0.0 0.75  

Mucinous 5 0.98 (0.74-1.29) 0.0 0.79  
Borderline 7 1.46 (1.00-2.15) 58.3 0.04  

Grade of Serous Tumours      
High 3 1.08 (0.88-1.32) 24.5 0.27 0.03 
Low 2 2.33 (1.64-3.31) 0.0 0.39  

Macro-phenotype of 
Endometriosisd 

     

Endometrioma 4 5.41 (2.25-13.00) 81.5 0.001 0.03 
Superficial peritoneal 1 1.32 (0.99-1.72) -- --  

Deep 1 1.41 (0.29-4.10) -- --  
      

Breast cancer      
All Studies 20 1.04 (1.00-1.09) 58.7 0.001  
By Study Design      
            Case-Control 6 0.96 (0.81-1.15) 60.2 0.03 0.25 

Cohort 14 1.05 (1.01-1.10) 60.3 0.0002  
Retrospective cohort 10 1.06 (1.01-1.12) 62.7 0.004 0.40 

Prospective cohort 4 1.03 (0.91-1.16) 60.7 0.05  
By Geographical Location      

North America 9 1.01 (0.89-1.15) 62.3 0.007 0.22 
Europe 8 1.04 (1.00-1.08) 51.7 0.04  

Asia 2 1.41 (1.14-1.75) 0.0 0.54  
Australia 0 -- -- --  

Multiple Locations 0 -- -- --  
By Assessment of Endometriosis      

Self-reported 7 1.01 (0.81-1.24) 70.2 0.003 0.55 
Medical Records / Registry 13 1.04 (1.00-1.08) 45.6 0.04  

Required Temporalityc      
No 8 0.99 (0.90-1.09) 45.4 0.08 0.25 

Yes 12 1.06 (1.01-1.12) 66.0 0.001  
ROBINS-I Risk of Bias      

Low/moderate 9 1.09 (1.01-1.17) 68.1 0.001 0.12 
Serious/critical 11 1.01 (0.95-1.07) 49.5 0.03  

      
Endometrial cancer      
All Studies 17 1.23 (0.97-1.57) 81.1 <0.0001  



Table 2. Summary relative risks (SRR) and 95% confidence intervals (CI) for the associations between 
endometriosis and cancer risk, overall and by cancer type for those cancer types with at least 4 studies published 
through 2019 
 Number of studies SRR (95% CI) I² (%) Pa

within Pb
between 

By Study Design      
            Case-control 4 1.29 (0.65-2.54) 85.2 <0.0001 0.89 

Cohort 13 1.25 (0.96-1.62) 79.5 <0.0001  
Retrospective cohort 8 1.40 (1.00-1.96) 86.8 <0.0001 0.49 

Prospective cohort 5 0.99 (0.72-1.37) 0.0 0.70  
By Geographical Location      

North America 5 1.30 (0.81-2.10) 60.2 0.04 0.39 
Europe 9 1.12 (0.81-1.55) 88.2 <0.0001  

Asia 1 4.05 (1.20-13.66)    
Australia 2 1.44 (0.99-2.11) 0.0 0.64  

Multiple Locations 0 -- -- --  
By Assessment of Endometriosis      

Self-reported 5 1.33 (0.93-1.90) 35.9 0.18 0.23 
Medical Records / Registry 12 1.14 (0.85-1.53) 84.3 <0.0001  

Required Temporalityc      
No 8 1.35 (0.89-2.04) 90.0 <0.0001 0.18 

Yes 9 1.11 (0.96-1.27) 0.0 0.56  
ROBINS-I Risk of Bias      

Low/moderate 8 1.39 (0.93-2.08) 84.6 <0.0001 0.31 
Serious/critical 9 1.08 (0.83-1.39) 64.2 <0.0001  

      
Cutaneous melanoma      
All Studies 7 1.17 (0.97-1.41) 51.3 0.05  
By Study Design      
            Case-control 1 0.86 (0.53-1.40) -- -- 0.25 

Cohort 6 1.21 (0.99-1.48) 53.7 0.06  
Retrospective cohort 3 1.17 (0.96-1.44) 61.8 0.07 0.40 

Prospective cohort 2 1.16 (0.52-2.16) 53.5 0.12  
By Geographical Location       

North America 3 1.07 (0.57-2.01) 56.7 0.09 0.59 
Europe 3 1.21 (0.99-1.48) 69.3 0.04  

Asia 0 -- -- --  
Australia 1 0.62 (0.16-2.41) -- --  

Multiple Locations 0 -- -- --  
By Assessment of Endometriosis      

Self-reported 3 0.82 (0.53-1.27) 0.0 0.66 0.18 
Medical Records / Registry 4 1.24 (1.01-1.52) 58.2 0.05  

Required Temporalityc      
No 3 1.11 (0.63-1.96) 63.7 0.06 0.87 

Yes 4 1.15 (0.94-1.40) 53.1 0.09  
ROBINS-I Risk of Bias      

Low/moderate 2 1.71 (1.24-2.36) 0.0 0.59 0.07 
Serious/critical 5 1.08 (0.93-1.26) 31.9 0.21  

      
Thyroid cancer      
All Studies 5 1.39 (1.24-1.57) 0.0 0.69  



Table 2. Summary relative risks (SRR) and 95% confidence intervals (CI) for the associations between 
endometriosis and cancer risk, overall and by cancer type for those cancer types with at least 4 studies published 
through 2019 
 Number of studies SRR (95% CI) I² (%) Pa

within Pb
between 

By Study Design      
            Case-Control 0 -- -- -- -- 
            Cohort 5 1.39 (1.24-1.57) 0.0 0.69  

Retrospective cohort 3 1.42 (1.25-1.60) 0.0 0.41 0.53 
Prospective cohort 2 1.26 (0.91-1.74) 0.0 0.98  

By Geographical Location       
North America 3 1.65 (0.73-3.76) 40.6 0.19 0.86 

Europe 3 1.39 (1.23-1.57) 0.0 0.77  
Asia 0 -- -- --  

Australia 0 -- -- --  
Multiple Locations 0 -- -- --  

By Assessment of Endometriosis      
Self-reported 2 1.26 (0.94-1.70) 0.0 0.96 0.56 

Medical Records / Registry 4 1.40 (1.24-1.58) 0.0 0.55  
Required Temporalityc      

No 1 1.26 (0.85-1.86) -- -- 0.52 
Yes 4 1.41 (1.25-1.59) 0.0 0.58  

ROBINS-I Risk of Bias      
Low/moderate 2 1.62 (0.74-3.55) 45.5 0.18 0.82 
Serious/critical 3 1.40 (1.24-1.58) 0.0 0.82  

      
Colorectal cancer      
All Studies 5 1.00 (0.87-1.16) 39.8 0.15  
By Study Design      

Case-control 0 -- -- --  
                  Cohort 5 1.00 (0.87-1.16) 39.8   

                     Retrospective cohort 4 1.03 (0.91-1.16) 29.1 0.24 0.28 
         Prospective cohort 1 0.73 (0.48-1.11) -- --  

By Geographical Location       
North America 2 1.08 (0.41-2.83) 68.9 0.07 0.53 

Europe 2 1.01 (0.93-1.10) 0.0 0.55  
Asia 1 2.99 (0.72-12.46) -- --  

Australia 0 -- -- --  
Multiple Locations 0 -- -- --  

By Assessment of Endometriosis      
Self-reported 4 1.03 (0.91-1.16) 29.1 0.24 0.28 

Medical Records / Registry 1 0.73 (0.48-1.11) -- --  
Required Temporalityc      

No 5 1.00 (0.87-1.16) 39.8 0.15  
Yes 0 -- -- --  

ROBINS-I Risk of Bias      
Low/moderate 2 2.29 (1.00-5.26) 0.0 0.65 0.15 
Serious/critical 3 1.00 (0.90-1.10) 24.6 0.26  

      
      
      



Table 2. Summary relative risks (SRR) and 95% confidence intervals (CI) for the associations between 
endometriosis and cancer risk, overall and by cancer type for those cancer types with at least 4 studies published 
through 2019 
 Number of studies SRR (95% CI) I² (%) Pa

within Pb
between 

Colorectal cancer subtypes      
Colon 3 0.96 (0.86-1.07) 0.9 0.37 0.48 

Small intestine 2 1.19 (0.82-1.73) 0.0 0.57  
Rectal 2 1.09 (0.96-1.25) 0.0 0.54  

      
Cervical cancer      
All Studies 4 0.68 (0.56-0.82) 0.0 0.76  
By Study Design      
            Case-control 1 0.57 (0.37-0.89) -- -- 0.39 

Cohort 3 0.71 (0.57-0.88) 0.0 0.80  
Retrospective cohort 2 0.73 (0.58-0.92) 0.0 0.78 0.42 

Prospective cohort 1 0.60 (0.34-1.07) -- --  
By Geographical Location       

North America 0 -- -- -- -- 
Europe 4 0.68 (0.56-0.82) 0.0 0.76  

Asia 0 -- -- --  
Australia 0 -- -- --  

Multiple Locations 0 -- -- --  
By Assessment of Endometriosis       

Self-reported 0 -- -- -- -- 
Medical Records / Registry 4 0.68 (0.56-0.82) 0.0 0.76  

Required Temporalityc       
No 1 0.57 (0.37-0.89) -- -- 0.39 

Yes 3 0.71 (0.57-0.88) 0.0 0.80  
ROBINS-I Risk of Bias      

Low/moderate 1 0.60 (0.34-1.08) -- -- 0.69 
Serious/critical 3 0.69 (0.56-0.85) 0.0 0.61  

Footnote: SRR summary relative risk; CI confidence interval 
I2 (%) is a measure of the proportion of the heterogeneity attributed to between study variation rather than 
due to chance. I2-valuesof 25%, 50% and 75% indicates low, moderate and high between study 
heterogeneity, respectively. 
a P-value testing for heterogeneity among the studies within each cancer type 
b P-value testing for between subgroup or category heterogeneity generated from meta-regression analysis 
c Studies were considered to have required temporality (i.e. ‘yes’) if the endometriosis diagnosis had to 
precede the cancer diagnosis (i.e. they were not diagnosed at the same time) within the analyses 
d Studies quantified associations with cancers stratifying endometriosis by any documented visualization of 
the macro-phenotype 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow-chart of study selection  

 

636 full-text articles retrieved 
and assessed for inclusion 

204 publications reporting on 
endometriosis and cancer risk 

432 excluded based on the 
following criteria: 
- irrelevant outcome 
- abstract, letter, note or 
commentary 
- irrelevant data 
- irrelevant exposure 
- meta-analysis or review 
- cancer survival not risk 
 

49 publications (38 studies) 
included: 

19 case-control studies 
19 cohort studies 

17,878 records identified: 
 - 6310 in PubMed 

   - 11,568 in Embase 
 

155 records excluded based on 
the following criteria: 
- case series studies 
- cross-sectional studies 
- duplicates 
- no risk estimate calculated 

17,242 excluded based on title 
and abstract 



 

Figure 2. Association between endometriosis and ovarian cancer risk among 24 studies published 
through 2019. 

* Note: Brinton (a) conducted in the US and Brinton (b) conducted in Denmark.  Since the Nurses’ Health Study II (Poole et al., 2017) 
and the Iowa Women’s Health Study (Olson et al., 2002) cohorts were included in the analysis from the Ovarian Cancer Cohort 
Consortium (Wentzensen et al., 2016), we did not also include them as individual studies in analyses for ovarian cancer.  RR=relative 
risk, CI=confidence interval, p=p-value, test for between study heterogeneity 

 

 

 

 

 

 



 

Figure 3. Evaluation of the association between endometriosis and endometrial cancer risk among 
17 studies published through 2019; 8 that did not require temporality in the analyses, and 9 that 
did (i.e. endometriosis diagnosis had to precede the endometrial cancer diagnosis, not diagnosed 
concurrently) 

* Note: Brinton (a) conducted in the US and Brinton (b) conducted in Denmark.  RR=relative risk, CI=confidence interval, p=p-value, 
test for between study heterogeneity  



 

Figure 4. Evaluation of the association between endometriosis and thyroid cancer risk among 5 
studies published through 2019. 

*RR=relative risk, CI=confidence interval, p=p-value, test for between study heterogeneity 

 

 

Figure 5. Evaluation of the association between endometriosis and cervical cancer risk among 4 
studies published through 2019. 

*RR=relative risk, CI=confidence interval, p=p-value, test for between study-heterogeneity 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Moseson et 
al., 1993 

USA 

Case-control,  
population-

based 

1977–
1981 20 Self-reported 354 BC 

Medical 
records, 

histologically-
confirmed  

747; random sample 
of women screened 
at the same institute 

who were not 
diagnosed with BC 
by the end of 1981 

Cross-sectional: Comparison  
of endometriosis in BC 
 cases and controls; no 

information on years of dx  

BC: OR=1.7 (0.6-5.1) 
Risk estimates by 

menopausal status 

Age, family history 
of breast cancer, 
age at first full-term 
birth, nulliparity, 
height, menopausal 
status, screening 
variables, Jewish 
religion, and Latin 
American birthplace  

Holly et al., 
1995  
USA 

Case-control,  
population-

based 

1981-
1986 _ Self-reported 452 MM 

Medical 
records, 

histologically-
confirmed  

930; identified 
through random-

digit dialing, 
matched on age  

and county of 
residence 

Cross-sectional: Comparison 
of endometriosis in MM 
 cases and controls; no 

information on years of dx 

 MM: 0.86 (0.53-1.4) Age 

Venn et al., 
1999 

Australia 

Retrospectiv
e cohort of 

women with 
infertility 

1981–
1996 4809 

Medical 
records (10 

Australian IVF 
clinics) 

143 BC 
13 OvCa 
12 EndCa 

Medical 
records 

(population-
based cancer 
registries and 

National Death 
Index) 

Comparison to 
population rates 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis dx; 
information on years of dx 

BC: SIR=1.04 (0.71–
1.54) 

OvCa: SIR=1.48 
(0.48–4.59) 

EndCa: SIR=0.91 
(0.13–6.49) 

Age, calendar time 

Weiss et al., 
1999 
USA 

Case-control,  
population-

based 

1990–
1992 96 Self-reported 2173 BC 

Medical 
records (cancer 

registries 
(Altanta, 

Seattle/Puget  
and 5 counties 
in central New 

jersey)) 

1990 controls; 
selected through 

random-digit dialing 

Cross-sectional: Comparison  
of endometriosis in BC 
 cases and controls; no 

information on years of dx  

BC: OR=1.14 (0.7-1.8) 
Risk estimates by 

years since surgery 
and menopausal 

status 

Age at diagnosis, 
race, site, 
menopausal status, 
age at first birth, 
number of births, 
family history, 
previous breast 
biopsy, alcohol 
consumption, BMI, 
and number of 
mammograms 
within the 5-year 
period prior to one 
year before 
diagnosis 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Baron et al., 
2001 
USA 

Case-control,  
population-

based 

1990–
1994 11,366 Self-reported 5659 BC 

Medical 
records (cancer 

registries 
(Wisconsin,  

Massachusetts, 
and New 

Hampshire)) 

 5928; randomly 
selected  from 

license drivers and 
Medicare lists, 

matched on age 

Cross-sectional: Comparison  
of endometriosis in BC cases 
and controls; no information 

on years of dx 

BC: OR=0.8 (0.7–1.0) 

Age, state, age at 
first birth, BMI, 
family history of 
breast cancer, HRT 
use, menopausal 
status, age at 
menopause, OC 
use, parity, and 
alcohol use 

Young et al., 
2001 

Australia 

Case-control 
study of 

women with 
infertility, 
hospital-

based 

1980–
1990 32 

Medical 
records (large 

fertility clinic in 
Queensland) 

 14 MM 

Medical 
records (QLD, 
NSW, and VIC 

Cancer 
registries) 

93; randomly 
selected from the 

total cohort (women 
attending a large 
fertility clinic in 

Queesland), based 
on age strata 

Cross-sectional: 
Retrospective evaluation of 
endometriosis and MM dx; 
no information on years of 

dx  

MM: OR=0.62 (0.16-
2.41) 

Cohort entry year 
and entry age 

Ness et al., 
2002 

Multiple 
locations 

(USA, 
Denmark, 

Canada, and 
Australia) 

Pooled 
analysis of 8 
population-
based case-

control 
studies 

1989–
1999 90 Self-reported  5207 OvCa 

Medical 
records 

(treatment 
centers; 
national 

and cancer 
registries; 
hospitals) 

7705; Random digit 
dialing, 

town lists,  
population registers 

Cross-sectional: 
Retrospective evaluation of 
cancer and endometriosis 

dx; no information on years 
of dx 

OvCa: OR=1.52 (0.81-
2.83) 

Age, gravidity, race, 
education, family 
history of ovarian 
cancer, tubal 
ligation, duration of 
oral contraceptive 
use, and research 
site plus other 
infertility types 

Olson et al., 
2002 
USA 

Prospective 
cohort of 

post-
menopausal 

women 

1986–
1998 1392 Self-reported 

1795 BC 
188 OvCa 
243 NHL 

Medical 
records (State 

Health 
Registry of 

Iowa) 

36,042; women 
from the cohort 
without cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of cancer and 
endometriosis dx; exclusion 
of women with a prevalent 

cancer at baseline or 
bilateral 

oophorectomy/hysterectom
y/mastectomy/chemothera

py (for 
OvCa/EndCa/BC/NHL) 

TotCa: RR=0.90 
(0.77–1.05) 

BC: RR=0.96 (0.75–
1.23) 

CRC: RR=0.73 (0.48–
1.10) 

EndCa: RR=1.20 
(0.57–2.53) 

Lung cancer: RR=1.11 
(0.74–1.66) 

MM: RR=0.67 (0.25–
1.80) 

Any cancer: 
smoking, pack-
years, age at first 
live birth/parity, 
alcohol intake, 
hormone 
replacement, body 
mass index. Breast 
cancer: age at first 
live birth/parity, 
education, alcohol 
intake, hormone 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

NHL: RR=1.67 (0.97–
2.87) 

OvCa: RR=0.78 
(0.25–2.44) 

Urinary tract cancer: 
RR=0.81 (0.38–1.73) 

replacement, body 
mass index. Lung 
cancer: smoking 
history, pack-years, 
body mass index. 
NHL: transfusion 
history, marital 
status, and alcohol 
intake. CRC, EndCa, 
melanoma, OvCa, 
urinary tract cancer: 
age 

Borgfeldt et 
al., 2004 
Sweden 

Case-control,  
hospital-

based 

1969–
1997 28,163 

Medical 
records 

(Swedish 
Hospital 

Discharge 
Registry) 

81 OvCa 
427 BC 

 39 EndCa 
 22 CervCa 

Medical 
records 

(Swedish 
Hospital 

Discharge 
Register) 

81,073; Swedish 
Population Register, 
3 controls per case 
matched on date of 

birth 

Cross-sectional: 
Retrospective evaluation of 
cancer and endometriosis; 
cancer dx was considered 
starting from 1 year after 

hospital discharge for 
endometriosis; information 
on years of dx but no time-

varying analysis 

OvCa: OR=1.34 
(1.03–1.75) 

BC: OR=1.10 (0.98–
1.23) 

EndCa: OR=0.58 
(0.42–0.81) 

CervCa: OR=0.57 
(0.37–0.90) 

None 

Brinton et 
al., 2004 

USA 

Retrospectiv
e cohort of 

women with 
infertility 

1965–
1999 1919 

Medical 
records (large 
reproductive 

endocrinology 
and infertility 
practices in 5 

areas in the US) 

45 OvCa 

Self-reported 
(n=13), medical 
records/cancer 

registries 
(n=21), or 

National Death 
Index (n=10) 

Comparison to 
population rates 

(SEER data) 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 
endometriosis at 5 large 
practices; information on 
years of dx; exclusion of 

women with bilateral 
oophorectomy or OvCa 

within 1 year of inclusion 

OvCa: SIR=2.48 (1.3–
4.2) None 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Brinton et 
al., 2005 
Denmark 

Retrospectiv
e cohort 

1978-
1998 

71 occurring 
prior to cancer 

Medical 
records 

(Hospital 
Discharge 
Register) 

2491 OvCa                
(860 BOT,                 

932 serous,              
344 

mucinous,           
300 

endometrioi
d, 123 clear-

cell) 
1389 EndCa            
(1178 CIT,                

137 
sarcomas) 

Medical 
records (Danish 

Cancer 
Register) 

99,421 / 99,172; 
Central Population 

Register 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis dx; 
information on years of dx; 

exclusion of prevalent 
hysterectomy, bilateral 

oophorectomy, and OvCa or 
EndCa 

OvCa: RR=1.69 (1.27-
2.25)                                                   

BOT: RR=1.22 (0.69-
2.17)                     

Serous: RR=1.20 
(0.70-2.04)                        

Mucinous: RR=1.01 
(0.38-2.71)                           

Endometrioid: 
RR=3.37 (1.92-5.91)                                              
Clear-cell: RR=3.03 

(1.23-7.44)                                                                            
EndCa: RR=1.23 

(0.63-2.38)                        
CIT: RR=1.14 (0.54-

2.42)                       
Sarcomas: RR=2.72 

(0.66-11.12)                                                                
-                                                                                 

Risk estimates by 
years since 

endometriosis dx 

Calendar time, 
parity, number of 
births, and age at 
first birth as time-
dependent 
variables 

Brinton et 
al., 2005 

USA 

Retrospectiv
e cohort of 

women with 
infertility 

1965–
1999 - 

Medical 
records (large 
reproductive 

endocrinology 
and infertility 
practices in 5 

areas in the US) 

45 OvCa 
39 EndCa 

292 BC 
28 Colon 
42 MM 

18 ThyrCa 

Self-reported, 
medical 

records, and 
cancer 

registries 

 women from the 
cohort who did not 
develop any cancer 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 
endometriosis at 5 large 
practices; information on 

years of dx; exclusion of the 
1st year of follow-up 

OvCa: RR=1.25 (0.6–
2.6) 

EndCa: RR=0.82 (0.3–
1.9) 

BC: RR=0.78 (0.6-1.1) 
Colon: RR=2.00 (0.7-

5.4) 
MM: RR=2.06 (1.0–

4.4)  
ThyrCa: RR=3.09 

(0.9-10.7) 

Age at follow-up, 
calendar time, study 
sites, gravidity at 
entry, and all causes 
of infertility 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Melin et al., 
2006 

Sweden 

Retrospectiv
e cohort 

1969–
2000 64,492 

Medical 
records 

(Swedish 
Hospital 

Discharge 
Register) 

3,349 TotCa 
51 

Buccal/phar
ynx 

54 Gastric 
81 

Pancreatic                        
181 Lung 

64 Bladder 
75 NMSC 

214 
Haematopoe

tic 
113 NHL 
23 Liver 

188 Large 
intestine 

118 Rectal 

Medical 
records 

(National 
Swedish 
Cancer 

Register) 

Comparison to 
population rates 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis in a national 
patient register; information 
on years of dx; exclusion of 

the 1st year of follow-up 

TotCa: SIR=1.04 
(1.00–1.07) 

Buccal: SIR=1.13 
(0.84–1.49) 

Gastric: SIR=0.91 
(0.68–1.19) 

Pancreatic: SIR=1.20 
(0.95–1.49)             

Lung: SIR=0.94 (0.81-
1.09) 

Bladder: SIR=0.95 
(0.74–1.22) 

NMSC: SIR=1.05 (0. 
82–1.31) 

Haematopoetic: 
SIR=1.12 (0.98–1.28) 
NHL: SIR=1.24 (1.02–

1.49) 
Liver: SIR=1.21 

(0.77–1.82) 
Large intestine: 

SIR=0.95 (0.82–1.10) 
Rectal: SIR=1.05 

(0.87–1.25) 

None 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Bertelsen et 
al., 2007 
Denmark 

Case–cohort 
study 

1978–
1998 1978  

Medical 
records (Danish 

Hospital 
Discharge 
Register) 

16,983 BC 

Medical 
records (Danish 

Cancer 
Registry) 

97,344 women in 
the remaining  

sub-cohort 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and BC; information on 

years of dx; exclusion of BC 
cases occurring prior to 
baseline; time-varying 
analysis (women with 

endometriosis occurring 
after BC were considered 
unexposed); latency of 1 

year between endometriosis 
and BC dx 

BC: RR=0.97 (0.85-
1.11)                                                                  

-                                                                               
OMA: RR=0.92 (0.73-

1.14)                                                     
Uterus: RR=1.04 

(0.83-1.30)                                                      
Pelvis: RR=0.89 

(0.62-1.17)                                     
-                                                                        

Follow-up >=1 year 
afer endo dx            

BC: RR=0.91 (0.79–
1.06)                                                 

- 
OMA: RR=0.84 (0.67-

1.07)                   
Uterus: RR=0.96 

(0.76-1.22)                                
Pelvis: RR=0.87 

(0.63-1.20)                                              
-                                                                           

Risk estimates by 
year of and age at 
endometriosis dx 

Parity, parental 
status, age at birth 
of first child, benign 
breast disease, 
bilateral 
oophorectomy, and 
calendar year 

Kobayashi et 
al., 2007 

Japan 

Prospective 
cohort 

1985–
2002 6398 OMA 

Medical 
records of a 

positive 
ultrasound 

(registration at 
the local 

hospitals) 

46 OvCa 

Medical 
records 

(Shizuoka 
Cancer 

Registry) 

Comparison of OvCa 
rates in the 

endometriosis 
cohort and the 
cancer registry 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of OvCa and 

OMA in a cancer registry; 
information on years of dx 

OvCa: SIR=8.95 
(4.12–15.3)                                    

Risk estimates by 
years of follow-up 
and age at OMA dx 

Age and calendar 
year 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Melin et al., 
2007 

Sweden 

Retrospectiv
e cohort 

1958-
2002 63,630 

Medical 
records 

(Swedish 
Hospital 

Discharge 
Register) 

3822 TotCa               
134 OvCa 
1465 BC 

64 ThyrCa 
186 BrainCa   

217 MM 
104 

KidneyCa 
 97 EndCa 
 49 CervCa 

Medical 
records 

(National 
Swedish 
Cancer 

Register) 

Comparison to 
population rates 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx in a national 

patient register; information 
on years of dx; follow-up for 
cancer started 1 year after 

endometriosis dx to exclude 
prevalent cancers  

TotCa: SIR=1.01 
(0.98-1.05)                        

OvCa: SIR=1.37 
(1.14–1.62) 

BC: SIR=1.08 (1.02–
1.13) 

ThyrCa: SIR=1.33 
(1.02–1.70) 

BrainCa: SIR=1.27 
(1.09–1.46) 

MM: SIR=1.23 (1.07–
1.40) 

KidneyCa: SIR=1.36 
(1.11–1.64) 

EndCa: SIR=1.14 
(0.93–1.39) 

CervCa: SIR=0.71 
(0.53–0.94) 

None 

Fortuny et 
al., 2009  

USA 

Case-control,  
population-

based 

2001-
2005 59 Self-reported 469 EndCa 

Medical 
records 

(histologically-
confirmed) 

467; selected 
through random-

digit dialing (n=175), 
Centers for 

Medicare and 
Medicaid lists 

(n=68), and area 
sampling (n=224) 

Cross-sectional: Comparison 
of endometriosis in EndCa 

cases and controls; no 
information on years of dx  

EndCa: OR=1.5 (0.8-
2.6) Age and BMI 

Zucchetto et 
al., 2009 

Italy  

Case-control,  
hospital-

based 

1992–
2006 11 Self-reported 454 EndCa 

Medical 
records 

(histologically-
confirmed) 

 908; women 
admitted to the 

same hospital with 
non-neoplastic 
conditions; 2 

controls per case 
matched on study 

center and age 

Cross-sectional: Comparison  
of endometriosis in EndCa 

cases and controls; no 
information on years of dx 

EndCa: OR=4.03 
(1.04-15.52) 

Stratified on center 
and age, and 
adjusted for period 
of interview, BMI, 
age at menarche, 
age at menopause, 
parity, and OC use 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Bodmer et 
al., 2011 
United 

Kingdom 

Case-control,  
hospital-

based 

1995–
2009 88 

Medical 
records (UK-

based General 
Practice 

Research 
Database) 

1611 OvCa 

Medical 
records (UK-

based General 
Practice  

Research 
Database) 

9170; up to 6 
controls per case, 

women without any 
evidence for OvCa 

matched on 
calendar time, age, 

sex, general 
practice, and 

number of years of 
active history in the 
GPRD prior to the 

index date 

Cross-sectional: Comparison 
of endometriosis in OvCa 

 cases and controls, with no 
information on years of dx; 
exclusion of women with a 
history of ovarian disease 

prior to the index date 

OvCa: OR=1.55 
(0.93–2.57) None 

Nichols et 
al., 2011 

USA 

Case-control 
study of 

postmenopa
usal women, 
population-

based 

1992–
1995 426 Self-reported 4935 BC 

Medical 
records (cancer 

registries 
(Wisconsin,  

Massachusetts, 
and New 

Hampshire)) 

 5111; randomly 
selected  from 

license drivers and 
Medicare lists, 

matched on age 

Cross-sectional: Comparison  
of endometriosis in BC 
 cases and controls; no 

information on years of dx; 
exclusion of exposures 
occurring prior to the 

reference date 

BC: OR=0.99 (0.80-
1.21) 

Age, US state, age 
at menarche, 
duration of oral 
contraceptive use, 
parity, age at first 
birth, age at 
menopause, 
postmenopausal 
hormone use, BMI, 
mammography 
screening, and 
family history of 
breast cancer 

Rowlands et 
al., 2011 
Australia 

Case-control,  
population-

based 

2003-
2007 119 Self-reported 

1399 EndCa                    
(1077 type I 
322 type II)                   

  

Medical 
records (cancer 

registries) 

1539; selected from 
the national 

electoral roll, 
matched on state of 
residence and age 

Endometriosis dx preceded 
cancer dx: Comparison of 
endometriosis in EndCa 

cases and controls; 
information on age at 

endometriosis dx; exclusion 
of women diagnosed in the 
12 months prior to cancer 
dx (cases) or first approach 

(controls) 

EndCa: OR=1.41 
(1.00-2.17) 

Type I: OR=1.48 
(0.98-2.23)                                 

Type II: OR=1.44 
(0.80-2.59)                                   

-                                                                 
Excluding last 12 

months                                                
EndCa: OR=1.04 

(0.69-1.56) 
Type I: OR=1.10 

Age, age at 
menarche, parity, 
duration of OC use, 
HRT use, smoking, 
and BMI 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

(0.71-1.70)                                 
Type II: OR=0.82 

(0.41-1.66) 

Pearce et al., 
2012 

Multiple 
locations 

(USA, 
Europe, and 

Australia) 

Pooled 
analysis of 

case-control 
studies 

1993–
2010 _ Self-reported 7911 OvCa _ 

13,226; multiple 
sources: population, 

hospital, clinic 

Cross-sectional: Comparison 
of endometriosis in OvCa 

cases and controls, with no 
information on years of dx 

OvCa: OR=1.46 
(1.31–1.63)                 

                                                                             
Serous: OR=1.20 

(0.95-1.52)                           
Mucinous: OR=1.02 

(0.69-1.50)                                  
Endometrioid: 

OR=2.04 (1.67-2.48)                                       
Clear-cell: OR=3.05 

(2.43-3.84)                  

Conditioned on age 
and race/ethnicity 

Stewart et 
al., 2012 
Australia 

Retrospectiv
e cohort of 

women with 
infertility 

1982–
2002 

2978 in women 
with IVF 

treatment 

Medical 
records 

(Western 
Australia Data 

Linkage 
System) 

38 OvCa 
Medical 

records (cancer 
registry)  

21,646 women in 
the total cohort; 
women seeking 
hospital care for 
infertility at all 

hospitals in Western 
Australia 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis dx; 
information on years of 
diagnosis; time-varying 

analysis 

OvCa: HR=2.33 (1.02-
5.53) 

IVF, socio-economic 
status, age, and 
calendar year at the 
first infertility 
admission 

Buis et al., 
2013 
The 

Netherlands 

Retrospectiv
e cohort of 

women with 
subfertility 
problems 

1989–
2007 3657 

Histo/cytopath
ology records 
(968); medical 
records (1883); 

self-report 
(806) 

31 OvCa 
(19 invasive, 

15 BOT) 

Medical 
records (Dutch 

Pathology 
Database 

and 
Netherlands 

Cancer 
Registry) 

5247; women with 
subfertility problems 

without 
endometriosis 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx; information 
on years of dx; inclusion of 

events in women diagnosed 
with OvCa after the date of 

1st dx of endometriosis only 

OvCa: HR=8.4 (3.2–
22.1)                                                                                                                                                                                                                                                                                   

Invasive OvCa: 
HR=12.7 (2.9-55.5)                                                 
Borderline: HR=5.5 

(1.5-20.4)                                                                                                            
OMA: OvCa: HR=11.3 

(4.0-31.8)                                                        
Non-OMA: OvCa: 
HR=7.7 (2.1-28.7)                                                                         

Age, oral 
contraceptive use, 
parity 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Morales et 
al., 2013 

Puerto Rico 

Case-control, 
hospital-

based 

2006–
2012 94 Self-reported 465 BC 

Medical 
records 

(histologically-
confirmed)  

 661; women 
recruited in 

collaborating private 
clinical practices 
with a negative 
mammogram in 

previous 6 months, 
who had undergone 

a clinical 
 breast examination, 

and who had not 
received blood 

transfusion within 
previous 5 years 

Cross-sectional: Comparison  
of endometriosis in BC 

 cases and controls, with no 
information on years of dx 

BC: OR=0.61 (0.3-1.0)  

Age, BMI, family 
history of breast 
cancer, menopause, 
number of children, 
alcohol use, 
smoking, and 
vitamin use 

Stewart et 
al., 2013 
Australia 

Retrospectiv
e cohort of 

women with 
infertility 

1982–
2002 

2978 in women 
with IVF 

treatment 

Medical 
records 

(Western 
Australia Data 

Linkage 
System) 

31 BOT 
Medical 

records (cancer 
registry)  

21,639 women in 
the total cohort; 
women seeking 
hospital care for 
infertility at all 

hospitals in Western 
Australia 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis dx; 
information on years of 
diagnosis; time-varying 

analysis 

BOT: HR=0.31 (0.04-
2.29) 

IVF, socio-economic 
status, age, and 
calendar year at the 
first infertility 
admission 

Braganza et 
al., 2014 

USA 

Prospective 
cohort 

1993–
2009  5549  Self-reported 

127 ThyrCa                    
(99 papillary 
20 follicular)                   

  

Medical 
records 

(histologically-
confirmed) 

women from the 
cohort who did not 
report any cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of endometriosis 
and ThyrCa dx; time-varying 

analysis 

ThyrCa: HR=1.25 
(0.70–2.23) 

Papillary: HR=1.52 
(0.83-2.79) 

Age, education, 
race, marital status, 
family history of 
thyroid cancer, 
baseline BMI status, 
and smoking status 

Brinton et 
al., 2014 

USA 

Retrospectiv
e cohort of 

women with 
infertility 

1965–
2010 

189 
endometriosis 

among BC 
cases 

Medical 
records (large 
reproductive 

endocrinology 
and infertility 
practices in 5 

areas in the US) 

749 BC 

Medical 
records (cancer 

registries 
(n=607), 
medical 

records (n=61), 
death 

certificates 
(n=28)) or self-
rported (n=53) 

9143 women who 
sought infertility 

advice at 5 
reproductive 

endocrinology 
practices 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis dx; 
information on years of dx 
and time-varying analysis 

BC: HR: 1.12 (0.93–
1.35) 

Study site and 
calendar year of 
first infertility 
evaluation 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Chang et al. 
2014, 

Taiwan 

Retrospectiv
e cohort 

2000-
2010 5468 

Medical 
records 
(Taiwan 

National Health 
Insurance 
Research 
Database) 

22 OvCa 

Medical 
records 
(Taiwan 

National Health 
Insurance  
Research 

Database; at 
least 3 medical 

records) 

15,074; comparison 
cohort: 2 non-
endometriosis 

controls from the 
same database and 

matched by age, 
index year, obstetric 

history, 
socioeconomic 
status, work, 
urbanization  

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx in a national 
health insurance database; 
exclusion of women with 
OvCa, endometriosis, or 

total hysterectomy before 
endometriosis dx; exclusion 
of women with synchronous 
endometriosis and OvCa and 
of those with OvCa dx within 

1 year after endometriosis 
dx in a sensitivity analysis 

OvCa: HR=3.28 (1.37-
7.85)                                

Follow-up>=1 yr 
after 1st endo dx     

OvCa: HR=3.87 (1.58-
9.47) 

Age, socioeconomic 
status, work, 
urbanization, pelvic 
inflammatory 
disease, infertility 
status, 
cardiovascular 
disease, diabetes 
mellitus, chronic 
liver disease, 
rheumatic disease, 
and Charlson 
Comorbidity Index 

Chuang et 
al., 2015 
Taiwan 

Nested case-
control 

2002-
2010 507  

Medical 
records 
(Taiwan 

National Health 
Insurance 
Research 
Database) 

4884 BC 

Medical 
records 
(Taiwan 

National Health 
Insurance 
Research 
Database) 

19,536; 4 controls 
per case selected 
from the health 

insurance database; 
matched to cases on 
year and month of 
birth, and year of 

Longitudinal 
Health Insurance 

Database  

Cross-sectional: 
Retrospective evaluation of 

endometriosis and cancer dx 
in a national health 
insurance database; 

information on years of dx 
but no time-varying analysis 

BC: OR=1.44 (1.15-
1.80) 

Occupation, 
number of 
screening tests 
before index date, 
and  average 
outpatient visits 6 
months before 
index date 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Kok et al., 
2015 

Taiwan 

Retrospectiv
e cohort 

2003-
2008 

2266 
(768 

adenomyosis,     
165 OMA,            

1333 
other/mixed) 

Medical 
records 
(Taiwan 

National Health 
Insurance 
Research 
Database) 

248 TotCa 
22 OvCa 
17 EndCa 

69 BC 
10 CRC 

Medical 
records 
(Taiwan 

National Health 
Insurance  
Research 
Database) 

9064; comparison 
cohort: 4 non-
endometriosis 

controls sampled 
from the same 
database and 

matched on age and 
index date 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx in a national 
health insurance database; 
exclusion of women with 

prevalent cancer, 
hysterectomy or 
oophorectomy 

TotCa: HR=1.8 (1.4-
2.4) 

OvCa: HR=4.56 (1.72-
12.11) 

EndCa: HR=4.05 
(1.20-13.66) 

BC: HR=1.15 (0.61-
2.15) 

CRC: HR=2.99 (0.72-
12.51)  

                                                                                
OMA:                                                              

OvCa: HR=4.37 (1.07-
17.83)                      

EndCa: HR=3.23 
(0.54-19.27)                                      

BC: HR=0.54 (0.12-
2.40)                                                                

                                                                                                 
Adenomyosis:                                           

OvCa: HR=5.50 (1.95-
15.50)                                  

EndCa: HR=4.38 
(1.22-15.72)                     

BC: HR=1.24 (0.62-
2.48)                                        

CRC: HR=3.51 (0.75-
16.47) 

Age group, diabetes 
mellitus, chronic 
kidney disease, liver 
cirrhosis, 
rheumatoid 
arthritis, and (for 
specific cancer 
types) use of 
medroxyprogestero
ne acetate, 
norethindrone 
acetate, danazol, 
and GnRH agonist 

Farland et 
al., 2016 

USA 

Prospective 
cohort 

1989-
2013  5389  

Medical 
records 

(reported as 
laparoscopicall
y-confirmed, 

validation 
study 

confirmation 
rate=97.4%) 

4979 BC 

Medical 
records 

(histologically-
confirmed) 

Women from the 
cohort 

 who did not report 
any cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of endometriosis 
and cancer dx; time-varying 

analysis; exclusion of 
prevalent BC and 

endometriosis 

BC: HR=0.96 (0.88–
1.06) 

Premenopausal: 
HR=1.05 (0.89-1.23)              

Postmenopausal: 
HR=0.93 (0.80-1.07)             
ER+/PR+: HR=1.00 

(0.87-1.14)              
ER+/PR-: HR=1.90 

Age, calendar time, 
family history of 
breast cancer in a 
mother or sister, 
age at menarche, 
body mass index, 
body mass index at 
age 18 years, 
smoking history, 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

(1.44-2.50)                     
ER-/PR-: HR=0.90 

(0.67-1.21)                                

biopsy-confirmed 
benign breast 
disease, alcohol 
intake, recent 
health-seeking 
behavior, height, 
oral contraceptive 
use history, 
parity/age at first 
birth, total 
breastfeeding, and 
birth weight 

Mogensen 
et al., 2016 
Denmark  

Retrospectiv
e cohort 

1977–
2012 45,790 

Medical 
records (Danish 

National 
Patient 

Register) 

221 OvCa                   
(70 serous,                

10 
mucinous,           

28 
endometrioi

d,       25 
clear-cell) 
118 EndCa                 

(67 type I, 4 
type II) 

1452 BC                
(1034 

ductal, 176 
lobular) 

Medical 
records (Danish 

Cancer 
Register) 

45,356/43,784/45,7
90; women from the 

general  
population  

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx; information 
on years of dx; exclusion of 

cancer cases diagnosed 
during the 1st year after 

endometriosis dx to ensure 
temporality; for OvCa and 

EndCa, exclusion of women 
with a history of bilateral 

oophorectomy/hysterectom
y before (or on the same 

date as) endometriosis dx 

OvCa: SIR=1.55 
(1.35–1.77) 

EndCa: SIR=2.13 
(1.77–2.55) 

BC: SIR=1.05 (1.00–
1.11) 

 
Follow-up>=1 yr 
after 1st endo dx                                                                                                                                                                                                   

OvCa: SIR=1.34 
(1.16–1.55) 

EndCa: SIR=1.43 
(1.13–1.79) 

BC: SIR=1.05 (0.99–
1.10) 

 
OvCa: Serous: 

SIR=1.05 (0.82-1.32)            
Mucinous: SIR=0.75 

(0.36-1.37)          
Endometrioid: 

SIR=1.64 (1.09-2.37)         
Clear-cell: SIR=3.64 

(2.36-5.38) 
 

Age, calendar year, 
and parity 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

EndCa: Type I: 
SIR=1.54 (1.20-1.96)          

Type II: SIR=1.06 
(0.28-2.71) 

 
BC: Ductal: SIR=1.04 

(0.97-1.10)         
Lobular: SIR=1.14 

(0.98-1.33)                                     
-                                                                                        

Risk estimates by 
time since endo dx, 
calendar period of 

endo dx, and age at  
dx of endo 

Ruiz et al., 
2016 
USA 

Case control,  
hospital-

based 

2003-
2008 21 Self-reported 

 
208 OvCa 

cases                    
53 type I 

155 type II 

Medical 
records 

(hospital dx) 

224; wowen 
matched to case by 

age and selected 
from the same 

institution over the 
same time period 

Cross-sectional: Comparison 
of endometriosis in OvCa 

 cases and controls, with no 
information on years of dx  

Type I OvCa: 
OR=5.07 (2.06–

12.46) 
Type II OvCa: 

OR=1.34 (0.55–3.23) 

None 

Wentzensen 
et al., 2016 

Multiple 
locations 

(North 
America, 
Asia, and 
Europe) 

Prospective 
cohort 

1980-
2014 

1503 exposed 
OvCa cases Self-reported 

 
5584 OvCa                    

(3378 
serous, 

606 
endometrioi

d,  331 
mucinous,       
269 clear-

cell) 

Medical 
records (cancer 

registries or 
medical record 

review) 

 1,279,002; women 
from the cohort who 

did not report any 
cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of endometriosis 
and OvCa in 21 prospective 
studies; exclusion of women 

with a hx of cancer or 
bilateral oophorectomy 

before study entry 

OvCa: RR=1.35 (1.07-
1.71) 

Serous: RR=1.03 
(0.74-1.46)            

Endometrioid: 
RR=2.32 (1.36-3.95) 
Mucinous: RR=1.62 

(0.58-4.51)            
Clear-cell: RR=2.87 

(1.53-5.39)              
Phomog=0.01                                                       

-                                                                                    
Risk estimates by 

grade of 

Stratified by birth 
year and cohort; 
adjusted for age at 
study entry, parity, 
and duration of oral 
contraceptive use 
by using pooled 
analyses of all (21) 
cohorts combined 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

differentiation                                                                     
Association stronger 
in well-differentiated 

tumors (but NS 
heterog) 

Farland et 
al., 2017                            
France 

Prospective 
cohort 

1990-
2011 2967 

Medical 
records 

(reported as 
surgically-
confirmed, 
validation 

study 
confirmation 
rate=81.5%) 

535 MM                               
247 SCC                                    

1712 BCC 

Medical 
records 

(histologically-
confirmed)  

84,754; women 
from the cohort who 

did not report any 
cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of endometriosis 
and MM; exclusion of 

women with a hx of cancer 
at inclusion; time-varying 

analysis 

MM: HR=1.64 (1.15-
2.35)                                     

NMSCs: HR=1.17 
(0.93-1.46)                                              

SCC: HR=1.21 (0.62-
2.36)                           

BCC: HR=1.16 (0.91-
1.48) 

Stratified on birth 
cohort and adjusted 
for age, education, 
hair color, skin 
complexion, 
number of nævi, 
freckling, skin 
sensitivity to sun 
exposure,  family 
history of skin 
cancer, and 
quartiles of 
residential sun 
exposure in county 
of birth and at 
baseline 

Koushik et 
al., 2017  
Canada 

Case-control,  
population-

based 

2011-
2016 84 Self-reported 

496 OvCa 
(103 type I, 
261 type II, 

132 
borderline) 

Medical 
records 

(histologically-
confirmed)  

908; women from 
the electoral list 

throughout the case 
recruitment period 

and matched to 
cases on age in 5-
year groups and 
electoral district 

Cross-sectional: Comparison 
of endometriosis in OvCa 

cases and controls, with no 
information on years of dx 

OvCa: OR=1.65 
(1.08–2.54) 

 
Invasive: OR=1.70 

(1.07-2.71)                                                
Borderline: OR=1.55 

(0.77-3.13)                                
Phomog=0.81                                                                                                                                                                                                                                                                                                         

Type I: OR=2.96 
(1.54-5.67)                    

Type II: OR=1.33 
(0.76-2.32)                          

P homog: 0.04                       

Age, duration of 
oral contraceptive 
use, parity, and 
education  
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Poole et al., 
2017 
USA    

Prospective 
cohort 

1989-
2011 5910 

Medical 
records 

(reported as 
laparoscopicall
y-confirmed, 

validation 
study 

confirmation 
rate=97.4%) 

228 OvCa                 
(107 serous,              

62 
endometrioi
d or clear-

cell,                  
22 

mucinous) 
166 EndCa 

Medical 
records 

(histologically-
confirmed) 

 101,797 / 96,943; 
women from the 

cohort who did not 
report any cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of endometriosis 
and cancer dx; exclusion of 
prevalent endometriosis or 

cancer cases; sensitivity 
analyses moving dx date 

backwards to account for dx 
delays 

OvCa: HR=2.28 (1.54-
3.38) 

EndCa: HR=0.68 
(0.30-1.56) 

                                                                            
Serous OvCa: 

HR=1.69 (0.92-3.11)                                   
Non-serous OvCa: 

HR=2.44 (1.48-4.01)                                                       
Phomog: 0.36  

                                                                                  
Serous OvCa: 

HR=1.70 (0.93-3.12)    
Endometrioid/clear-
cell OvCa: HR=1.78 

(0.84-3.78) 
Mucinous OvCa: 

HR=2.90 (0.97-8.68)                               
Phomog: 0.72 

OvCa: Stratified by 
age and time 
period; adjusted for 
parity, duration of 
oral contraceptive 
use, menopausal 
status, tubal 
ligation, family 
history of ovarian 
cancer + 
additionally (except 
for analyses by 
tumor type) post-
menopausal 
hormone use, 
infertility history, 
IUD use, 
hysterectomy, and 
menstrual cycle 
irregularity                    
EnCa: Stratified by 
age and time 
period; adjusted for 
BMI, parity, 
duration of post-
menopausal 
hormones (by type), 
age at menopause, 
age at menarche, 
menstrual 
irregularity, 
infertility history, 
and duration of oral 
contraceptive use  
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Saavalainen 
et al., 2018 

Finland 

Retrospectiv
e cohort 

1987-
2014 

49,933                     
(23,210 OMA          

20,187 SPE                    
2372 DE) 

  

Medical 
records 
(Finnish 
Hospital 

Discharge 
Register) 

129 OvCa                    
46 BOT 

55 EndCa                    
28 CervCa 

  

Medical 
records 

(Finnish Cancer 
Registry) 

Comparison to 
population rates 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis in a national 
patient register; information 
on years of dx; time-varying 
analysis from endometriosis 

diagnosis 

OvCa: SIR=1.76 
(1.47–2.08) 

EndCa: SIR=1.04 
(0.80–1.32) 

CervCa: SIR=0.76 
(0.50–1.09) 

                                                                                 
OvCa                                                          

Serous: SIR=1.37 
(1.02-1.80)                                    

Mucinous: SIR=0.88 
(0.42-1.62)                                

Endometrioid: 
SIR=3.12 (2.15-4.38)                              
Clear-cell: SIR=5.17 

(3.20-7.89)                     
BOT: SIR=1.29 (0.95-

1.72)                               
Endo x OvCa                                                

OMA: SIR=2.56 (1.98-
3.27)                       

SPE: SIR=1.32 (0.99-
1.72)                                  

DE: SIR=1.41 (0.29-
4.10)                                          

EndCa                                                                              
Endometrioid: 

SIR=1.06 (0.80-1.38)                       
Endo x EndCa                                                                             

OMA: SIR=1.12 (0.77-
1.57)                                    

SPE: SIR=1.04 (0.70-
1.49)                            

DE: SIR=0.74 (0.02-
4.12)                                                                                                                               

CervCa                                  
Adenocarcinoma: 

None 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

SIR=1.06 (0.53-1.88)                           
SCC: SIR=0.46 (0.20-

0.91)                                                  
Endo x CervCa                                                          

OMA: SIR=0.96 (0.54-
1.58)                                                       

SPE: SIR=0.53 (0.24-
1.00)                             

DE: SIR=1.80 (0.37-
5.25) 

Saavalainen 
et al., 2018 

Finland 

Retrospectiv
e cohort 

1987-
2014 

49,933                     
(23,210 OMA          

20,187 SPE                    
2372 DE) 

  

Medical 
records 
(Finnish 
Hospital 

Discharge 
Register) 

3619 TotCa 
1555 BC 

31 Buccal 
62 Gastric 
267 CRC                         
16 Small 
intestine                     
20 Liver                       

62 Pancreas 
145 Lung 
156 MM 
62 NMSC                                    
904 BCC 

 80 Kidney 
36 Urinary 
 207 Brain 

179 ThyrCa 
135 NHL 

269 
Lymphoid 

and 
hematopoiet

ic 

Medical 
records 

(Finnish Cancer 
Registry) 

_ 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis in a national 
patient register; information 
on years of dx; time-varying 
analysis from endometriosis 

diagnosis 

TotCa: SIR=0.98 
(0.95-1.01) 

BC: SIR=0.99 (0.94-
1.03) 

Buccal: SIR=0.60 
(0.41-0.85) 

Gastric: SIR=1.03 
(0.79-1.32) 

Colon: SIR=0.95 
(0.80-1.10) 

Rectal: SIR=1.14 
(0.93-1.37) 

Small Intestine: 
SIR=1.32 (0.76-2.14) 
Liver: SIR=0.89 (0.54-

1.37) 
Pancreas: SIR=0.76 

(0.58-0.96) 
Lung: SIR=0.91 (0.77-

1.06) 
MM: SIR=1.03 (0.87-

1.19)                         
BCC: SIR=1.18 (1.10-

1.25) 
NMSC: SIR=1.08 

None 
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Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

(0.83-1.38) 
Kidney: SIR=1.05 

(0.83-1.30) 
Urinary: SIR=0.91 

(0.63-1.25) 
Brain: SIR=1.10 

(0.95-1.25) 
ThyrCa: SIR=1.43 

(1.23-1.64) 
NHL : SIR=1.06 (0.89-

1.25) 
Lymphoid and 
hematopoietic: 

SIR=1.07 (0.95-1.20) 
 

Risk estimates by 
tumor type and type 

of endometriosis 

Saraswat et 
al., 2018 
Scotland 

Retrospectiv
e cohort 

1981-
2010 17,834 

Medical 
records 

(laparoscopicall
y-confirmed) 

1224 TotCa 
69 OvCa 
32 EndCa 
48 CervC 
448 BC 

Medical 
records  
(cancer 
registry)  

17,384; age-
matched women 
from the general 

population 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx; information 
on years of dx; exclusion of 
women with cancer at the 

time of endometriosis 
surgery 

TotCa: HR=1.21 
(1.08-1.35) 

OvCa: HR=1.77 (1.08-
2.89) 

EndCa: HR=1.14 
(0.57-2.28) 

CervCa: HR=0.60 
(0.34-1.08) 

BC: HR=1.28 (1.06-
1.54) 

Matched by year of 
birth and time of 
entry in the study 
(univariate analyses 
only) 

Stewart et 
al., 2018  
Australia 

Retrospectiv
e cohort 

1970-
2014 34,552 

Medical 
records 

(Western 
Australia Data 

Linkage 
System) 

454 cases of 
high-grade  

serous OvCa 

Medical 
records  
(cancer 
registry)  

406,830; women 
with no cancer 

record 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx; information 
on years of dx; time-varying 
analysis of the association 

between endometriosis and 
HGSOC  

OvCa: HR=0.82 (0.55-
1.22) 

Age, infertiliy, pelvic 
inflammatory 
disease, 
hysterectomy, 
salpingectomy, 
oophorectomy, 
tubal ligation, plural 
delivery, high 
parity, breast 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

cancer, parity 

Surrey et al., 
2018 
USA 

Retrospectiv
e cohort  

2006-
2015 26,961 

Medical 
records 

(commercial 
insurance 

claims) 

_ 

Medical 
records 

(commercial 
insurance 

claims) 

107,844; 
comparison cohort: 
4 controls per case 

matched on state of 
residence, insurance 
plan type, and age 

Endometriosis dx preceded 
cancer dx: Retrospective 
evaluation of cancer and 

endometriosis; information 
on years of dx; exclusion of 

patients in whom the 
comorbidity under study 

occurred before the index 
date; time-varying analysis 
from the index date to time 

to the first comorbidity 
claim 

OvCa: HR=4.0 (2.8-
5.7) 

EndCa: HR=2.4 (1.6-
3.8) 

BC: HR=1.4 (1.1-1.7) 

15 Charlson-Deyo 
comorbidities 
measured during 
the year preceding 
the index date: 
rheumatologic 
disease, diabetes, 
diabetes with 
chronic 
complications, 
myocardial 
infarction, 
congestive heart 
failure, peripheral 
vascular disease, 
cerebrovascular 
disease, dementia, 
chronic pulmonary 
disease, peptic ulcer 
disease, mild liver 
disease, hemiplegia, 
paraplegia, renal 
disease, moderate 
or severe liver 
disease, AIDS 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Williams et 
al., 2018 
United 

Kingdom 

Prospective 
cohort of 

women who 
had assisted 
reproduction 

1991-
2011 18,630 

Medical 
records 
(Human 

Fertilisation 
and 

Embryology 
Authority 
database) 

2578 BC 
164 EndCa 
405 OvCa 

Medical 
records 

(National 
Health Service 

Central 
Registers of 

England, 
Wales, and 
Scotland) 

252,631 women 
with no cancer dx in 
the cohort; Human 

Fertilisation and 
Embryology 

Authority (HFEA) 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of cancer and 
endometriosis dx; 

information on years of dx; 
exclusion of cancer dx 

recorded in the 1st year of 
follow-up in a sensitivity 

analysis 

BC: SIR=0.98 (0.86-
1.12) 

EndCa: SIR=0.75 
(0.35-1.43) 

OvCa: SIR=2.31 
(1.74-3.01)                                                                                                 

                                                                    
Invasive BC: SIR=0.96 

(0.92-1.00)                                  
In situ BC: SIR=1.14 

(1.01-1.28)                           
Invasive OvCa: 

SIR=1.31 (1.14-1.49)                             
BOT: SIR=1.30 (1.08-

1.55)                                                                                                                                  
-                                                                                                

Follow-up>=1 yr 
after 1st endo dx                                       

BC: SIR=0.98 (0.85-
1.12)                               

EndCa: SIR=0.78 
(0.35-1.47) 

OvCa: SIR=2.19 
(1.62-2.89)                                                                                                 

                                                                    
Invasive BC: SIR=0.94 

(0.81-1.09)                                  
In situ BC: SIR=1.28 

(0.84-1.88)                           
Invasive OvCa: 

SIR=2.51 (1.77-3.47)                             
BOT: SIR=1.57 (0.81-

2.73)          

None 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Guenego et 
al., 2018 
France 

Prospective 
cohort 

1990-
2012 6606 

Medical 
records 

(reported as 
surgically-
confirmed, 
validation 

study 
confirmation 
rate=81.5%) 

412 ThyrCa 

Medical 
records 

(histologically-
confirmed) 

80,197; women 
from the cohort who 

did not report any 
cancer 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of endometriosis 
and Thyroids cancer; 

exclusion of women with a 
hx of cancer at inclusion; 

time-varying analysis 

ThyrCa 
Self-reported 

endometriosis: 
HR=1.27 (0.90-1.79)  

Medically confirmed:  
HR= 1.26 (0.85-1.86) 

Surgically 
confirmed: HR= 
1.19 (0.76; 1.88) 

Age, and stratified 
by 5‐year category 
birth cohort, 
smoking status, 
history of 
dysthyroidism, 
history of other 
benign thyroid 
disease and BMI, 
age at menarche, 
infertility 
treatment, parity 
and age at first full‐
term pregnancy, 
age at menopause 
and use of MHT  

Park et al., 
2018 
USA 

Case-control,  
population-

based  
(African-
American 
women) 

2010-
2015 82 Self-reported 600 OvCa 

Medical 
records 

(histologically-
confirmed) 

908; identified 
through random 

digit dialing 

Cross-sectional: Comparison 
of endometriosis in OvCa 

 cases and controls, with no 
information on years of dx 

OvCa:  
HR=1.78 (1.09-2.90) 

OvCa serous: 
HR=1.29 (0.71-2.35) 

 

age at diagnosis, 
study site, marital 
status, education, 
BMI, parity, tubal 
ligation, duration of 
oral contraceptive 
use, family history 
of breast or ovarian 
cancer, talc use, 
endometriosis, 
fibroid, PID, ovarian 
cyst 

Vassard et 
al., 2019 
Denmark  

Retrospectiv
e cohort of 

women who 
had assisted 
reproduction 

treatment 

1994-
2016 1734 

Medical 
records (Danish 

IVF Register) 

 
393 OvCa 

Medical 
records (cancer 

registry) 

566,858 untreated 
women with no 
cancer dx in the 
cohort; in the Danish 
National ART-couple 
II 

Endometriosis dx preceded 
cancer dx: Prospective 

evaluation of cancer and 
endometriosis dx; with no 
information on years of dx 

OvCa:  
HR= 3.78 (2.45-5.84) 
 

Educational level, 
parity, partnership 
status, treatment 
year and age 



Supplementary Table S1. Characteristics of the included 49 publications (1993-2019) from 38 studies of associations between endometriosis and cancer 

Author, 
year, 

location 
Design Study 

period 
Endometriosis: 

#cases 
Endometriosis: 
ascertainment 

Cancer: 
#cases 

Cancer: 
ascertainment 

Controls: number, 
source population Temporality RR (95% CI) Adjustment factors 

Hsu et al., 
2019 

Taiwan 

Retrospectiv
e cohort 

2000- 
2011 5586 

Medical 
records 
(Taiwan 

National Health 
Insurance 
Research 
Database) 

10 OvCa 
37 BC 

Medical 
records 
(Taiwan 

National Health 
Insurance 
Research 
Database) 

143,096; women 
without history of 
endometriosis or 

cancer from general 
female population 

frequency; matched 
to the rest of cohort  

by age 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx in a national 
health insurance database; 

with no information on 
years of dx 

OvCa: HR= 1.28 
(1.19-1.37) in nurse 

cohorts 
HR=1.64 (0.20-13.7) 

other hospital 
employees 

BC: HR= 0.62 (0.22-
1.78) in nurse 

cohorts 
HR= 1.97 (0.75-5.13) 

other hospital 
employees 

Age, and 
comorbidities 

Lundberg et 
al., 2019 
Sweden 

Retrospectiv
e cohort of 

women with 
infertility 

1942-
1992 53,687 

Medical 
records 

(Swedish 
Hospital 

Discharge 
Register) 

6435 OvCa 
6112 EndCa 
53,687 BC 

 

Medical 
records 

(National 
Swedish 
Cancer 

Register) 

Comparison to 
population rates 

Endometriosis dx preceded 
cancer dx: Retrospective 

evaluation of endometriosis 
and cancer dx in a national 

patient register with no 
information on years of dx 

OvCa:  
HR= 1.77 (1.53-2.05) 

EndCa: HR=1.02 
(0.96-1.07) 

BC: HR=0.94 (0.76-
1.17) 

 

Age, calendar time, 
education level, 
country of birth, 
parity and age at 
first birth, 
salpingectomy and 
bilatera 
oophorectomy 

 

Footnote: RR relative risk; CI confidence interval; OR odds ratio;  BC breast cancer; MM multiple myeloma; OvCA ovarian cancer; EndCA endometrial cancer MM melanoma malignant; 
ThyrCa tyroids cancer; TotCa total cancer; NMSC non melanoma skin cancer; NHL Non-Hodgkin lymphoma;  BOT Borderline ovarian tumour; CervCa cervical cancer; BrainCa Brain cancer; 
KidneyCa Kidney cancer; SCC squamous cell carcinoma; BCC Basal cell carcinoma; BMI Body mass index, OC Oral contraceptive; IVF In vitro fertilisation, MHT menopausal hormone therapy; 
PID Pelvic inflammatory disease. AIDS acquired immunodeficiency syndrome; HRT hormone replacement therapy;   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Footnote: SRR summary relative risk; CI confidence interval 
I2 (%) is a measure of the proportion of the heterogeneity attributed to between study variation rather than due to chance. I2-values of 25%, 50% and 
75% indicate low, moderate and high between study heterogeneity, respectively. 
aP-value testing for heterogeneity among the studies within each cancer type 

 

 

 

 

 

 

Supplementary Table S2. Summary relative risks (SRR) and 95% confidence intervals (CI) for the associations between endometriosis 
and cancer by cancer types with < 4 studies published as of 2019. 
 Number of studies SRR (95% CI) I2 (%) Pawithin 
Keratinocyte cancers  3 1.10 (0.96-1.26) 0.0 0.79 
   Basal-cell carcinoma 2 1.18 (1.11-1.25) 0.0 0.89 
Lymphatic/haematopoietic cancers 2 1.09 (1.00-1.19) 0.0 0.61 
   Non-Hodgkin lymphoma 3 1.18 (1.00-1.41) 40.6 0.18 
   Leukaemia 2 1.07 (0.88-1.31) 14.3 0.28 
Brain cancer 2 1.18 (1.02-1.36) 49.3 0.16 
Lung cancer 3 0.94 (0.84-1.04) 0.0 0.67 
Gastric cancer 2 0.97 (0.81-1.18) 0.0 0.52 
Liver cancer 2 1.05 (0.77-1.44) 0.0 0.34 
Pancreatic cancer 2 0.96 (0.61-1.50) 85.8 0.008 
Urinary cancer 2 0.99 (0.83-1.18) 0.0 0.60 
Bladder cancer 2 0.94 (0.76-1.15) 0.0 0.84 
Renal cancer 2 1.20 (0.93-1.55) 65.6 0.09 
Buccal cancer 2 0.83 (0.45-1.55) 86.0 0.007 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S1. Influence analysis for 24 studies evaluating the association between endometriosis and ovarian cancer risk published through 2019 

*Note Since the Nurses’ Health Study II (Poole et al., 2017) and the Iowa Women’s Health Study (Olson et al., 2002) cohorts were included in the analysis from the Ovarian Cancer Cohort Consortium 
(Wentzensen et al., 2016), we did not also include them as individual studies in this supplementary analysis for ovarian cancer. 
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 Lower CI Limit  Estimate  Upper CI Limit
 Meta-analysis estimates, given named study is omitted

 

-------------------------------------------------------------
 Combined          |   1.9322576      1.6849565    2.2158552
-------------------+-----------------------------------------
 Venn (1999)       |   1.9400594      1.6891245    2.2282732
 Ness (2002)       |   1.9481601      1.6936715    2.2408876
 Borgfeldt (2004)  |   1.978653       1.7158593    2.2816949
 Brinton (b) (2005)|   1.9528441      1.6915002    2.2545669
 Brinton (a) (2005)|   1.9539349      1.7000763    2.2457004
 Melin (2007)      |   1.9845668      1.7174559    2.293221
 Kobayashi (2007)  |   1.8279574      1.6164461    2.0671449
 Bodmer (2011)     |   1.9509244      1.6947575    2.2458117
 Stewart (2012)    |   1.9257933      1.6762004    2.2125516
 Pearce (2012)     |   1.9887435      1.7102326    2.3126099
 Buis  (2013)      |   1.8785173      1.6460669    2.1437933
 Chang (2014)      |   1.9121628      1.6662681    2.1943448
 Wentzensen (2016) |   1.9805933      1.7166094    2.2851734
 Ruiz (2016)       |   1.9157109      1.6673318    2.2010906
 Mogensen (2016)   |   1.9798468      1.7024627    2.3024256
 Koushik (2017)    |   1.9490139      1.6917695    2.2453742
 Williams (2018)   |   1.9103692      1.6601797    2.198262
 Surrey (2018)     |   1.8332846      1.6154995    2.0804293
 Saraswat (2018)   |   1.9414203      1.686263     2.2351868
 Saavalainen (2018)|   1.9564782      1.6877016    2.2680593
 Park (2018)       |   1.9410294      1.6858954    2.2347739
 Vassard (2019)    |   1.8626285      1.6313814    2.1266544
 Lundberg (2019)   |   1.9597607      1.6868342    2.2768459
 Hsu (2019)        |   1.9332196      1.6832901    2.2202578
-------------------+-----------------------------------------
 Study omitted     |   Estimate       [95%  Conf.  Interval]
-------------------------------------------------------------



 

Supplementary Figure S2. Funnel plot for 24 studies evaluating the association between endometriosis and ovarian cancer risk published through 2019 

*Note Since the Nurses’ Health Study II (Poole et al., 2017) and the Iowa Women’s Health Study (Olson et al., 2002) cohorts were included in the analysis from the Ovarian Cancer Cohort Consortium 
(Wentzensen et al., 2016), we did not also include them as individual studies in this supplementary analysis for ovarian cancer. 

 

  

Brinton (a)

Borgfeldt
Wentzensen
Melin

Pearce

Venn

Ness

Bodmer

Mogensen

Koushik

Brinton (b)

Saavalainen

Saraswat

Lundberg

Park

Hsu

Williams

Stewart

Ruiz

Chang

Vassard

Surrey

Buis

Kob

0
.2

.4
.6

s.
e.

 o
f l

og
or

-.5 0 .5 1 1.5 2
logor

Funnel plot with pseudo 95% confidence limits



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S3. Association between endometrioma (not exclusive, i.e. superficial peritoneal lesions or deep endometriosis could also have been 
present) and ovarian cancer risk 

Footnote: RR relative risk, CI confidence interval, p=p-value, test for between study heterogeneity 

 

 

 



 

Supplementary Figure S4. Association between endometriosis and breast cancer risk among 20 studies 
published through 2019. 

*RR=relative risk, CI=confidence interval, p=p-value, test for between study heterogeneity 

 



 
Supplementary Figure S5. Evaluation of the association between endometriosis and endometrial cancer 
risk among 17 studies published through 2019. 

* Note: Brinton (a) conducted in the US and Brinton (b) conducted in Denmark. RR=relative risk, CI=confidence interval, p=p-value, test for 
between study heterogeneity 

  



 

Supplementary Figure S6. Evaluation of the association between endometriosis and cutaneous 
melanoma risk among 7 studies published through 2019. 

*RR=relative risk, CI=confidence interval, p=p-value, test for between study heterogeneity 

 

Supplementary Figure S7. Evaluation of the association between endometriosis and colorectal cancer risk 
among 5 studies published through 2019. 
*RR=relative risk, CI=confidence interval, p=p-value, test for between-study heterogeneity 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S8. Influence analysis for studies evaluating the association between endometriosis and breast cancer risk (n=20 publications) (A) and 
between endometriosis and endometrial cancer risk (n=17 publications) (B)  

A. Influence analysis for endometriosis and breast cancer risk B. Influence analysis for endometriosis and endometrial cancer risk 

--------------------------------------------------------------
 Combined          |   1.2321361      .96691225    1.5701108
-------------------+------------------------------------------
 Venn (1999)       |   1.2374282      .96813816    1.5816218
 Olson (2002)      |   1.2343742      .9596985     1.5876647
 Borgfeldt (2004)  |   1.3148426      1.0467229    1.6516416
 Brinton (b) (2005)|   1.2328626      .95741194    1.5875615
 Brinton (a) (2005)|   1.2534292      .97745055    1.6073291
 Melin (2007)      |   1.2451015      .94457322    1.6412464
 Zucchetto (2009)  |   1.1968384      .93825042    1.5266949
 Fortuny (2009)    |   1.217212       .94444954    1.5687499
 Rowlands (2011)   |   1.2157387      .9383328     1.5751561
 Kok (2015)        |   1.1908191      .93384033    1.5185146
 Mogensen (2016)   |   1.1495616      .93371409    1.4153069
 Poole (2017)      |   1.2671235      .98895574    1.6235327
 Williams (2018)   |   1.2665684      .98698252    1.6253537
 Surrey (2018)     |   1.1685135      .9138689     1.4941134
 Saraswat (2018)   |   1.2381101      .96200216    1.5934649
 Saavalainen (2018)|   1.2536314      .96063733    1.6359885
 Lundberg (2019)   |   1.2654675      .97343814    1.645105
-------------------+------------------------------------------
 Study omitted     |   Estimate       [95%  Conf.  Interval]
--------------------------------------------------------------

--------------------------------------------------------------
 Combined          |   1.0419527      .99621939    1.0897854
-------------------+------------------------------------------
 Moseson (1993)    |   1.0411016      .99527645    1.0890367
 Weiss (1999)      |   1.0413368      .99498391    1.0898491
 Venn (1999)       |   1.0422194      .99563634    1.090982
 Baron (2001)      |   1.0516464      1.0081979    1.0969671
 Olson (2002)      |   1.0445044      .99756569    1.0936517
 Borgfeldt (2004)  |   1.0379018      .99008101    1.0880321
 Melin (2007)      |   1.0383459      .98820931    1.0910263
 Bertelsen  (2007) |   1.04706        .99907851    1.0973459
 Nichols (2011)    |   1.0441743      .9968968     1.0936939
 Morales (2013)    |   1.0444038      .99941623    1.0914166
 Brinton (2014)    |   1.0389574      .99203157    1.0881028
 Chuang (2015)     |   1.0307789      .98887807    1.074455
 Mogensen (2016)   |   1.0426871      .99067062    1.0974348
 Farland (2016)    |   1.0498698      1.0015166    1.1005573
 Williams (2018)   |   1.0464802      .9983663     1.0969127
 Surrey (2018)     |   1.03126        .98872292    1.0756272
 Saraswat (2018)   |   1.0325894      .98834205    1.0788177
 Saavalainen (2018)|   1.0495924      .99852318    1.1032735
 Lundberg (2019)   |   1.0461345      .99406683    1.1009294
 Hsu (2019)        |   1.0417918      .99550164    1.0902344
-------------------+------------------------------------------
 Study omitted     |   Estimate       [95%  Conf.  Interval]
--------------------------------------------------------------
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