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Abstract: This article aims to test the hypothesis that the risk of

epithelial ovarian cancer (EOC) in women with endometriosis might be

changed by enrolling different population.

A nationwide 14-year historic cohort study using the National

Health Insurance Research Database (NHIRD) of Taiwan and the

Registry for Catastrophic Illness Patients was conducted. A total of

239,385 women aged between 20 and 51 years, with at least 1 gyneco-

logic visit after 2000, were analyzed. Cases included women with a

diagnosed endometriosis, which was established along a spectrum from
sin-Yi Huang, BS, hyen Yen, MD,
ng, MD, PhD

Cox regression, and computed hazard ratios (HRs) with 95% confidence

intervals (95% CI) to determine the risk of EOC in patients.

The EOC incidence rates (IRs, per 10,000 person-years) of women

with endometriosis ranged from 1.90 in women with recalled endome-

triosis to 18.70 in women with tissue-proved ovarian endometrioma,

compared with those women without any diagnosis of endometriosis

(0.77–0.89), contributing to crude HRs ranging from 2.59 (95% CI,

2.09–3.21; P< 0.001) to 24.04 (95% CI, 17.48–33.05; P< 0.001).

After adjustment for pelvic inflammatory disease, infertility, Charlson

co-morbidity index, and age, adjusted HRs were ranged from the lowest

of 1.90 (95% CI, 1.51–2.37; P< 0.001) in recalled endometriosis to the

highest of 18.57 (95% CI, 13.37–25.79; P< 0.001) in tissue-proved

ovarian endometrioma, which was inversely related to the prevalence

rate of endometriosis (from the highest of 30.80% in recalled endome-

triosis to the lowest of 1.54% in tissue-proved ovarian endometrioma).

The risk of EOC in women with endometriosis varied greatly by

different criteria used. Women with endometriosis might have a more

apparently higher risk than those reported by systematic review and

meta-analysis.

(Medicine 94(39):e1633)

Abbreviations: CCI = Charlson co-morbidity index, CI =

confidence interval, EOC = epithelial ovarian cancer, HR =

hazard ratio, ICD9-CM = International Classification of Diseases,

Ninth Revision, and Clinical Modifications, IR = incidence rate,

LHID 2000 = Longitudinal Health Insurance Database 2000, MDs

= medical records, NHI = National Health Insurance, NHIRD =

National Health Insurance Research Database, NHRI = National

Health Research Insurance, OPD = outpatient clinics, PID = pelvic

inflammatory disease, SIR = standard incidence rate.

INTRODUCTION

D r. Sampson in 1925 proposed a possible correlation
between endometriosis and malignant transformation

(occurrence of epithelial ovarian cancer [EOC]); thereafter,
many epidemiologic studies, including recent systematic
reviews1–9 and meta-analyses,3,4,10–12 indicated that women
with endometriosis might have an increased risk of EOC.
Although epidemiologic studies have not always supported a
positive correlation between endometriosis and EOC,13–15 ot-
her studies have reported an unusually high risk of EOC in
women with diagnosed endometriosis.16,17 The question is, why
has the risk of EOC in women with endometriosis varied in
ng from no correlation in Olson study13

atio (HR) of 12.4 in Buis study.17 Our
ed that women with a tissue-proved
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endometriosis had a higher risk of EOC than those without
(adjusted HR, 5.62; 95% confidence interval [CI], 3.46–
9.14),18 which was significantly >1.80 reported by a recent
meta-analysis.11 Although many hypotheses have been put forth
to explain this observation, including the presence of many
confounding factors (Fig. 1),18–25 one of the most likely reasons
might involve the selected population for study. Dr. Buis found
that the risk of EOC-associated endometriosis was much higher,
if the data of the diagnosed endometriosis were validated by the
nationwide pathology database.17 The authors suggested that
the low-risk estimates of EOC in women with endometriosis
from previous studies might be secondary to nondifferential
misclassification bias.17 To test the hypothesis that different
classification of endometriosis might directly contribute to the
estimation of the prevalence of endometriosis and a subsequent
risk of EOC, we conducted a nationwide historic cohort study of
women between 1996 and 2010. For this analysis, we selected
all cohorts of women with any diagnosis of endometriosis
(ranging from at least 1 medical record of endometriosis to
tissue-proved ovarian endometrioma; n¼X) were compared

Lee et al
with women without any diagnosis of endometriosis

(n¼ 239,385-X) to test the impact of diagnostic criteria of
endometriosis on the risk calculation of EOC.

METHODS
The study population in this retrospective cohort study

contained nearly the entire population of Taiwan (23 million
inhabitants). The data in the current study were that of the
research database of Taiwan’s National Health Insurance (NHI)
program from 1996 to 2010, which contains 1 million randomly
sampled beneficiaries (The Longitudinal Health Insurance
Database 2000 [LHID 2000]), and the data in the LHID
2000 are representative of all beneficiaries with regard to

age, sex, and insurance cost.25–27

This study projected was approved by the Institutional
Review Board of Taipei Veterans General Hospital (VGHIRB

FIGURE 1. Confounding factors might influence the risk estimation o

2 | www.md-journal.com
Number: 2012–12–012BC). We obtained the permission to use
the data in the NHI Research Database (NHIRD) from the
National Health Research Institute (NHRI) in Taiwan and
performed this study. The final target subjects were 239,385
women aged between 20 and 51 years, with at least 1 gyneco-
logic visit after 2000 for analysis. Because no personal identi-
fication could be obtained from the data from the NHIRD
provided by the Bureau of NHI, Department of Health and
managed by NHRI, we could not identify who was who in this
study. Therefore, written informed consent was not needed.

The diagnosis of women with endometriosis was based on
13 different criteria (Table 1), ranged from presence of at least 1
medical record of endometriosis (recalled and/or self-reported
endometriosis, Fig. 2 as an example) to tissue-proved ovarian
endometriosis in the administrative dataset, and the remaining
women were classified as controls (women without any endo-
metriosis). We identified the women with endometriosis based
on medical records using International Classification of Dis-
eases, Ninth Revision, and Clinical Modifications (ICD9-CM)
code 617, which was obtained from either inpatient (hospital-
ization) or outpatient (OPD) systems. Since the patients might
have had>1 visit, especially within 1 year, or visited any doctor
or been hospitalized, the origin of the medical record of
endometriosis (ICD9-CM 617) varied.

The following strategy, which has been described before in
detail, was used to validate the tissue-proved endometriosis. We
recorded surgical treatments for endometriosis, especially lim-
ited to the ovary, tube, and peritoneal cavity.18,25 Since the
surgical interventions, including hysterectomy, bilateral sal-
pingo-oophorectomy, and bilateral oophorectomy contributed
to the decreased risk of future EOC, we excluded these subjects,
except those women with a diagnosis of invasive EOC during
the follow-up period.18,25

A total of 13 diagnostic criteria (definition) of endome-

Medicine � Volume 94, Number 39, October 2015
triosis were used in this study, and all criteria had to fulfill the
minimal requirement—having at least 1 medical record of
ICD9-CM 617.0–617.9 diagnosis (Table 1 and Figure 2).

f epithelial ovarian cancer in women with endometriosis.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



Cary, NC), and Stata Statistical Software, version 12.0

TABLE 1. Criteria Used in the Current Study

Gr. Diagnostic Criteria (ICD9-CM 617.0–9)

A At least 1 medical record of endometriosis at outpatient
clinics or during hospitalization (recalled
endometriosis and/or self-reported endometriosis)

B At least 1 medical record of endometriosis at outpatient
clinics or during hospitalization by specialists

C At least 3 medical records of endometriosis at outpatient
clinics or at least 1 medical record of endometriosis
during hospitalization

D At least 3 medical records of endometriosis at outpatient
clinics or at least 1 medical record of endometriosis
during hospitalization by specialists

E At least 3 medical records at outpatient clinics within 1
year or at least 1 medical record of endometriosis
during hospitalization

F At least medical records at outpatient clinics within 1
year or at least 1 medical record of endometriosis
during hospitalization by any doctor

G Medical record based on surgical confirmation of
endometriosis at outpatient clinics or at least 1 medical
record of endometriosis during hospitalization by
specialists

H At least 1 medical record of endometriosis during
hospitalization by specialists

I Medical record based on surgical confirmation of
endometriosis either at outpatient clinics or during
hospitalization

J Medical record based on surgically-confirmed
procedures limited by ICD9-CM 65.XX, 66.XX,
68.XX, 69.19, 54.4

K Medical record based on surgically-confirmed
procedures limited by ICD9-CM 65.XX, 68.29, 69.19,
54.4

L Medical record based on surgically-confirmed
procedures limited by ICD9-CM 65.XX

M Medical record based on surgically-confirmed
procedures limited by ICD9-CM 65.1X and 65.2X
(tissue-proved ovarian endometrioma)

Medicine � Volume 94, Number 39, October 2015
The women with endometriosis should be initially detected
between 2000 and 2010. That is to say, the index date was the
date of the first visit/admission during this period (from 2000 to
2010). For the controls (remains without endometriosis), the
index date was the date of the first visit to an obstetric/gyne-
cological provider or admission during the study period.

The diagnosis of EOC was confirmed in inpatients with

ICD9-CM 617.0–9¼ International Classification of Diseases, Ninth
Revision, and Clinical Modifications code 617.0–617.9.
tissue approval and validated using the major disease files

(ICD9-CM 183.0 from the Registry for Catastrophic Illness
Patients).18,28

Statistical Analysis
The method for analysis used in the current study has been

described before.18,25 In brief, starting from the cohort index

date, the subjects in the current study were followed until
hospitalization with EOC or death, whichever came first, or
to the end of the study (December 31, 2010) if no EOC or death

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
had occurred. The censored subjects included patients who did
not have a diagnosis of EOC or lost to the follow-up. We used
the incidence rate (IR) of EOC to compare women with and
without endometriosis, which was tested by the x2 test among
subsamples. We used the Cox proportional hazards model to
calculate the HR and 95% confidence interval (CI) to determine
whether newly diagnosed endometriosis was a risk factor for
EOC. The SAS statistical package, version 9.3 (SAS Institute,

Ovarian Cancer in Women With Endometriosis
(Stata Corporation, College Station, TX) were used to perform
statistical analyses.

RESULTS
In all, 348 of the total 239,385 study subjects had EOC

between 2001 and 2010. The total person-years of follow-up
ranged from 3,228,799 to 3,409,338, based on the different
diagnostic criteria (Table 2). The differences in the number of
women that obtained a diagnosis of endometriosis, ranging from
73,724 in recalled endometriosis (Group A) to 3782 in tissue-
proved ovarian endometrioma (Group M) (Table 2), were due to
the different criteria used to diagnose endometriosis. The EOC
IR of the women with endometriosis varied greatly, ranging
from 1.9 per 10,000 person-years in recalled endometriosis to
18.7 per 10,000 person-years in tissue-proved ovarian endome-
trioma (Table 2). However, the EOC IR of the women without
endometriosis was relatively consistent, ranging from 0.8 to 0.9
per 10,000 person-years and this EOC IR of the women was
close to the age-standard IR (age-SIR) of EOC after age
adjustment in Taiwan (0.8–0.9 per 10,000 person-years).28

Different IRs of EOC in women with endometriosis con-
tributed to the different risk estimation of EOC, with crude HRs
ranging from 2.59 (95% CI 2.09–3.21, P< 0.001) in recalled
endometriosis to 24.04 (95% CI, 17.48–33.05; P< 0.001) in
tissue-proved ovarian endometrioma. After adjustment of con-
founders, including pelvic inflammatory disease (PID), inferti-
lity and Charlson co-morbidity index (CCI), women with
endometriosis still had a higher risk of EOC than women
without, with adjusted HRs ranging from 2.83 (95% CI,
2.27–3.52; P< 0.001) and 1.81 (95% CI, 1.45–2.25;
P< 00.001) in recalled endometriosis to 26.39 (95% CI,
19.08–36.49; P< 0.001) and 16.46 (95% CI, 11.94–22.71;
P< 0.001) in tissue-proved ovarian endometrioma (Table 3).

Since median age of the women at diagnosis of endome-
triosis (34–41 vs. 29–30 years; P< .001) and at the subsequent
diagnosis of EOC (39–44 vs. 37 years; P< .001) was signifi-
cantly higher than that of the women without a diagnosis
(Supplementary Table 4, http://links.lww.com/MD/A429,
which illustrates median age of women with and without
endometriosis, based on different diagnostic criteria), we
adjusted age for the risk analysis. We then found that women
with endometriosis had a constantly higher risk of EOC than
women without (adjusted HRs of 1.90 [95% CI, 1.51–2.37;
P< 0.001) in recalled endometriosis to 18.57 [95% CI, 13.37–
25.79; P< 0.001] in tissue-proved ovarian endometrioma;
Table 3 and Fig. 3).

To investigate the role of follow-up time between enroll-
ment and the occurrence of EOC (interval), we found that the
median interval between the cohort index date and the date of
EOC for the women with endometriosis varied greatly, ranged
from 1203.5 days in recalled endometriosis to 14 days in tissue-

proved ovarian endometrioma, but the interval of women with-
out endometriosis was relatively constant, ranged from 3381 to
3469 days (Supplementary Table 5, http://links.lww.com/MD/
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A429, which illustrates the median interval between enrollment

FIGURE 2. Cohort flow chart illustrating the inclusion and exclusi
record of endometriosis at outpatient clinics or during hospitaliza
in the cohort and diagnosis of invasive EOC, based on different
diagnostic criteria). The difference between the 2 groups was
statistically significant (P< 0.001). Results suggested that

TABLE 2. Incidence Rate of Women With and Without Endometri
Endometriosis in the Current Study Population

Endom

Gr.
Diagnostic Criteria
(ICD9-CM 617.0–9) n EOC Pe

A �1 MR at OPD or during hospitalization 73,724 166 87
B �1 MR at OPD or during hospitalization by specialists 66,063 156 76
C �3 MR at OPD or �1 MR during hospitalization 30,534 104 35
D �3 MR at OPD or �1 MR during hospitalization by

specialists
28,055 101 31

E �3 MR at OPD within 1 year or �1 MR during
hospitalization

22,289 89 23

F �3 MR at OPD within 1 year or �1 MR during
hospitalization by any doctor

21,192 87 22

G MR based on surgical confirmation at OPD or �1 MR
during hospitalization by specialists

8868 55 6

H �1 MR during hospitalization by specialists 8783 55 6
I MR based on surgical confirmation either at OPD or

during hospitalization
8482 53 6

J MR based on surgically-confirmed procedures limited
by ICD9-CM 65.XX, 66.XX, 68.XX, 69.19, 54.4

8396 53 6

K MR based on surgically-confirmed procedures limited
by ICD9-CM 65.XX, 68.29, 69.19, 54.4

5205 52 3

L MR based on surgically-confirmed procedures limited
by ICD9-CM 65.XX

4499 50 3

M MR based on surgically-confirmed procedures limited
by ICD9-CM 65.1X and 65.2X

3682 47 2

Gr¼Group, ICD9-CM 617.0–9¼ International Classification of Disea
IR¼ incidence rate (per 10,000 person-years), MR¼medical records of e
number from 0 to 9. Endometriosis: women with diagnosed endometriosis
women who had a tissue-proved epithelial ovarian cancer; specialists: limi

4 | www.md-journal.com
women with endometriosis had a significantly shorter interval

riteria of participants in the study (Group A: at least one medical
(recalled endometriosis and/or self-reported endometriosis).
in which to develop EOC, compared with the longer interval of
women without endometriosis. Since the highest risk of EOC
could be identified in the first-year follow-up, the question that

osis, Based on Different Diagnostic Criteria, and Prevalence of

etriosis Controls

rson-years IR N EOC Person-years IR
Prevalence

(%)

4108.5996 1.899 165,661 182 2354690.4700 0.773 30.797

6660.2300 2.035 173,322 192 2467499.8660 0.778 27.597

5186.3984 2.928 208,851 244 2988924.3610 0.816 12.755

8477.0897 3.171 211,330 247 3025613.3390 0.816 11.720

6950.5188 3.756 217,096 259 3110799.7340 0.833 9.311

1017.4456 3.936 218,193 261 3126997.2900 0.834 8.853

4523.2663 8.524 230,517 293 3308458.6010 0.886 3.704

3896.7228 8.608 230,602 293 3309704.4850 0.885 3.669

1199.8193 8.660 230,903 295 3314080.5090 0.890 3.543

0559.8166 8.750 230,989 295 3315341.1800 0.890 3.507

8803.0144 13.400 234,180 296 3361952.8790 0.880 2.174

3914.6064 14.740 234,886 298 3372223.8600 0.884 1.879

5138.4695 18.700 235,703 301 3384200.4330 0.890 1.538

ses, Ninth Revision, and Clinical Modifications code 617.0–617.9,
ndometriosis, n¼ number OPD¼ outpatient department visit, X¼ any
; Controls: women without diagnosed endometriosis; EOC: number of
ted to gynecologists.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. The Risks of Epithelial Ovarian Cancer in Women With Endometriosis, Based on Different Diagnostic Criteria

Gr.
Diagnostic Criteria
(ICD9-CM 617.0–9)

Crude HR
(95% CI) P

Adjusted HR1
(95% CI) P

Adjusted HR2
(95% CI) P

A �1 MR at OPD or during hospitalization 2.59 (2.09–3.21) <0.0001 1.81 (1.45–2.25) <0.0001 1.90 (1.51–2.37) <0.0001
B �1 MR at OPD or during hospitalization by specialists 2.76 (2.22–3.42) <0.0001 1.98 (1.59–2.48) <0.0001 2.08 (1.66–2.60) <0.0001
C �3 MR at OPD or �1 MR during hospitalization 3.73 (2.95–4.70) <0.0001 2.34 (1.84–2.96) <0.0001 2.50 (1.96–3.19) <0.0001
D �3 MR at OPD or �1 MR during hospitalization by

specialists
4.06 (3.21–5.13) <0.0001 2.66 (2.09–3.38) <0.0001 2.83 (2.21–3.61) <0.0001

E �3 MR at OPD within 1 year or �1 MR during
hospitalization

4.70 (3.68–6.01) <0.0001 2.87 (2.24–3.67) <0.0001 3.15 (2.44–4.06) <0.0001

F �3 MR at OPD within 1 year or �1 MR during
hospitalization by any Dr.

5.00 (3.91–6.39) <0.0001 3.16 (2.46–4.06) <0.0001 3.44 (2.67–4.44) <0.0001

G MR based on surgical confirmation at OPD or �1 MR
during hospitalization by specialists

10.88 (8.07–14.67) <0.0001 6.61 (4.90–8.93) <0.0001 7.65 (5.60–10.43) <0.0001

H �1 MR during hospitalization by specialists 11.00 (8.16–14.82) <0.0001 6.64 (4.92–8.96) <0.0001 7.68 (5.63–10.48) <0.0001
I MR based on surgical confirmation either at OPD or

during hospitalization
11.04 (8.16–14.95) <0.0001 6.60 (4.87–8.95) <0.0001 7.68 (5.61–10.53) <0.0001

J MR based on surgically-confirmed procedures limited
by ICD9-CM 65.XX, 66.XX, 68.XX, 69.19, 54.4

11.17 (8.25–15.12) <0.0001 6.63 (4.89–8.98) <0.0001 7.72 (5.63–10.58) <0.0001

K MR based on surgically-confirmed procedures limited
by ICD9-CM 65.XX, 68.29, 69.19, 54.4

17.22 (12.71–23.35) <0.0001 11.86 (8.72–16.13) <0.0001 13.39 (9.77–18.35) <0.0001

L MR based on surgically-confirmed procedures limited
by ICD9-CM 65.XX

18.90 (13.88–25.74) <0.0001 12.31 (9.01–16.81) <0.0001 13.92 (10.12–19.16) <0.0001

M MR based on surgically-confirmed procedures limited
by ICD9-CM 65.1X and 65.2X

24.04 (17.48–33.05) <0.0001 16.46 (11.94–22.71) <0.0001 18.57 (13.37–25.79) <0.0001

Adjusted HR1¼HR after adjustment of pelvic inflammatory disease (PID), infertility status, and Charlson co-morbidity index, Adjust HR2¼HR
after adjustment of PID, infertility, Charlson co-morbidity index, and age, Gr¼Group, HR¼ hazard ratio, ICD9-CM 617.0–9¼ International

s co
to g
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the risk of EOC in women with endometriosis might be biased
by surveillance was raised. Therefore, we used the Nelson-
Aalen cumulative hazard estimates model to evaluate the
relationship between enrollment in this cohort and the occur-
rence of EOC to minimize the bias secondary to surveillance.
We found that women with endometriosis had a consistently
and persistently higher risk of EOC than women without
endometriosis did, regardless of what criteria were used
(Fig. 4).

Furthermore, we tested the relationship between the preva-
lence of women diagnosed with endometriosis and the risk of
EOC. Results showed that the prevalence of endometriosis was
negatively related to the risk of EOC in women with endome-
triosis (Table 2). The recalled endometriosis contributed to not
only the largest number of patient enrollments (73,724 women)
and the highest prevalence of endometriosis (30.797%) in the
general population, but also the lowest risk of EOC (IR 1.899).
By contrast, the strictest criteria of endometriosis (tissue-proved
ovarian endometrioma) not only contributed to the smallest
number of patient enrollments (3682 women) and the largest
population with the lowest prevalence of endometriosis
(1.538%), but also resulted in the highest risk of EOC (IR
18.700) in this population (Supplementary Figure 5, http://
links.lww.com/MD/A429, which illustrates a negative corre-

Classification of Diseases, Ninth Revision, and Clinical Modification
endometriosis, OPD¼ outpatient department visit, specialists¼ limited
lation between the prevalence of endometriosis the risk of EOC

in women with endometriosis, based on different diagnostic
criteria).

DISCUSSION
To date, most observational studies have not considered
the use of a reliable diagnostic test to confirm the diagnosis of
endometriosis when assessing the risk of development of EOC
in women with endometriosis. The diagnosis of endometriosis

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
in systematic reviews and meta-analyses2–11 is often based on
self-reported endometriosis, which results in a low-risk esti-
mation (HRs ranging from 1.3 to 1.9). The reported strength of
association between endometriosis and invasive EOC is well
under the level that supports causality, and this weak association
may be further reduced after accounting for biases.29

Our study showed the dramatic variation of the risk
estimation of EOC based on different diagnostic criteria. The
largest number of patients enrolling into the endometriosis
group contributed to the highest prevalence rate of women with
endometriosis and subsequently the lowest risk of EOC esti-
mation in recalled endometriosis. By contrast, the population in
ovarian endometrioma excluded those women who might have
a pelvic endometriosis, and recalled endometriosis might have
enrolled women who might not have endometriosis, but the
physicians supposed that these women might have endome-
triosis. The diagnostic criterion in Group F (at least 3 medical
records at outpatient clinics within 1 year or at least 1 medical
record of endometriosis during hospitalization by any doctor)
might be one of the frequently used criteria to diagnose women
with endometriosis. Based on this diagnostic criterion, the
prevalence rate was 8.85%, similar to a report stating that
women had a lifetime risk ranging from 4% to 9%, or 6% to
15% during reproductive age,5,30 and women with endometrio-
sis really had a higher risk of EOC than women without
(adjusted HR, 3.44; 95% CI, 2.67–4.44; P< 0.001). When
tissue-proved endometriosis was used as the diagnostic criterion
(eg, Group I: medical record based on surgical confirmation of
endometriosis either at outpatient clinics or during hospitaliz-
ation), the estimated prevalence of endometriosis declined
(3.543%), but the risk of EOC was greatly increased, with an

de 617.0–617.9, CI¼ confidence interval, MR¼medical records of
ynecologists, X¼ any number from 0 to 9.
adjusted HR of 7.68 (95% CI, 5.63–10.48; P< 0.001), com-
pared with the women without endometriosis. Furthermore, if
the diagnostic criteria were limited to tissue-proved ovarian

www.md-journal.com | 5
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endometrioma, the prevalence of ovarian endometrioma was
down to a nadir of 1.88% and 1.54%, but the risk of EOC
reached the highest levels (HRs, 13.92 and 18.57, respectively).

FIGURE 3. Forest plot assessing overall women with endometriosi
epithelial ovarian cancer.
Our findings supported the recent publication from the Nether-
lands that showed that the risk of EOC associated with endo-
metriosis was much higher in analyses that included

6 | www.md-journal.com
information on endometriosis from a nationwide pathology
database,17 and also supported Kobayashi’s findings.16

Although Melin et al19 found that 1-sided oophorectomy

ased on 13 different diagnostic criteria in this study and the risk of
(adjusted OR, 0.19; 95% CI 0.08–0.46), and radical extirpation
of all visible endometriosis (adjusted OR 0.30, 95% CI, 0.12–
0.74; P< 0.001) were protective against the later development

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. The relationship between enrollment in this cohort and the occurrence of epithelial ovarian cancer was evaluated using the
Nelson-Aalen cumulative hazard estimates model. The data are based on the different diagnostic criteria of endometriosis (from Group A:
at least one medical record of endometriosis at outpatient clinics or during hospitalization—recalled or self-reported endometriosis to
Group M: tissue-proved ovarian endometrioma). The detailed information is shown in the Table 1.
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FIGURE 4. (Continued)
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of EOC, there is no doubt that women with endometriosis,
regardless of the criteria used, indeed had a higher risk of EOC
than did women without.

Based on the above findings, risk estimates from most of
the previous studies using recalled endometriosis as an
inclusion criterion might have a high possibility of misclassi-
fication, subsequently contributing to the overestimated preva-
lence of endometriosis, and the underestimated risk of EOC in
women with endometriosis, as concluded by systematic reviews
and meta-analyses.1–12

The limitation of the study was that we did not evaluate
reproductive and hormonal-related factors, such as parity, and
the use of combined hormonal contraception or many medical
therapies, which are also important to the development of EOC
in women. For example, a recent publication by Pearce et al31

used control data from 4 US population-based studies to inves-
tigate the lifetime risk of EOC after analyzing the joint distri-
bution of risk/protective factor profiles and found that the
lifetime risk estimates ranged from 0.35% (95% CI, 0.29–
0.42) to 8.78% (95% CI, 7.10–10.9), compared with 1.37%
of the general population of US women. There is no doubt that
many uncertain confounding factors were not taken into con-
sideration in the current study. Furthermore, the cases of EOC
might be misclassified into the ‘‘endometriosis’’ or none-endo-
metriosis groups. However, the age-adjusted IR of EOC in the
control group remained constant (0.8–0.9 per 10,000 popu-
lation). In addition, the age-adjusted IR of EOC in the controls
was very similar to age-SIR in the general population in
Taiwan,28 and also consistent with the reports from the world.32

Based on relatively constant age-adjusted IR of EOC in the
control group, the calculation of HR in the current study is
acceptable. Second, the basic characteristics of the patients were
different. For example, the women with endometriosis were
significantly older than the women without. After adjustment
for age, infertility, PID, and CCI, women with endometriosis
still had a higher risk of EOC than women without, regardless of
the criteria used.

In conclusion, results of this study, using different strat-
egies to compare the risk of EOC in women with and without
endometriosis, reconfirmed a previously reported association
between endometriosis and increased risk of EOC, and that the
risk of EOC in women with endometriosis might be more

Controls Endometriosis

Log-rank Test: P-value<0.001M

FIGURE 4. (Continued)
apparent. With the use of much stricter criteria for endome-
triosis (limited to tissue-proved ovarian endometrioma), the
prevalence of endometriosis was much lower (1.54%), but

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
the risk of EOC in endometriosis was much higher (IR
18.700). The EOC risk in women with endometriosis (IR ranged
from the lowest of 1.899 to the highest of 18.700) was mean-
ingfully negatively correlated with prevalence rate of endome-
triosis (prevalence rate from the highest of 30.80% to the lowest
of 1.54%) in the study population. The findings provided a good
explanation for the only 2-fold increase in EOC in systematic
reviews and meta-analyses because these data are often
based on recalled endometriosis, which results in a low-risk
estimation.
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