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Abstract

Objective—To determine the effect of excisional tubal sterilization on subsequent development
of serous epithelial ovarian cancer (EOC) or primary peritoneal cancer (PPC).

Methods—We performed a population-based, nested case-control study using the Rochester
Epidemiology Project. We identified all patients with a diagnosis of serous EOC or PPC from
1966 through 2009. Each case was age-matched to 2 controls without either diagnosis. Odds ratios
(ORs) and corresponding 95% Cls were estimated from conditional logistic regression models.
Models were adjusted for prior hysterectomy, prior salpingo-oophorectomy, oral contraceptive
use, endometriosis, infertility, gravidity, and parity.
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Results—In total, we identified 194 cases of serous EOC and PPC during the study period and
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matched them with 388 controls (mean [SD] age, 61.4 [15.2] years). Fourteen cases (7.2%) and 46

controls (11.9%) had undergone tubal sterilization. Adjusted risk of serous EOC or PPC was
slightly lower after any tubal sterilization (OR, 0.59 [95% CI, 0.29-1.17]; P=.13). The rate of
excisional tubal sterilization was lower in cases than controls (2.6% vs 6.4%). Adjusted risk of

serous EOC and PPC was decreased by 64% after excisional tubal sterilization (OR, 0.36 [95%

Cl, 0.13-1.02]; P=.054) compared with those without sterilization or with nonexcisional tubal
sterilization.

Conclusions—We present a population-based investigation of the effects of excisional tubal
sterilization on the risk of serous EOC and PPC. Excisional methods may confer greater risk

reduction than other sterilization methods.
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fimbriectomy; salpingectomy; serous ovarian cancer; serous primary peritoneal cancer; tubal
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Introduction

Epithelial ovarian cancer (EOC) will be newly diagnosed in approximately 21,980 women in
2014 and account for 14,270 deaths, making it the most lethal gynecologic cancer in the
United States [1]. Serous EOC accounts for approximately 70% to 75% of EOC subtypes
and has a high propensity to metastasize beyond the reproductive tract [2, 3]. In a recent
report, 67% of ovarian cancers among BRCA1 and BRCA2 mutation carriers were of serous
histology [4]. At least 20% of ovarian carcinomas appear to be hereditary [5], and, in high-
risk patients, risk-reducing salpingo-oophorectomy (RRSO) is recommended [6]. However,
most women with EOC have no identifiable risk factors or precursor lesions [7], and few
effective screening tools exist for early diagnosis [7].

Bilateral tubal sterilization has been associated with a decreased risk of sporadic and
hereditary EOC [8], [9]. Risk reduction theories have suggested that tubal sterilization
decreases ovarian blood supply or interrupts the pathway for environmental carcinogens
from the lower genital tract to reach the ovaries [8, 10, 11]. However, the exact mechanism
of risk reduction remains unclear, and more recent literature has suggested the fallopian tube
may be a source of serous EOC and primary peritoneal cancer (PPC). Within the BRCAL/2
population, a substantial proportion of clinically occult serous malignancies (2%-17%) have
been identified in the fallopian tube during RRSO [12-15] and histopathologic assessment
suggests the fimbriated portion of the tube is the most common site of origin [16]. In
addition, prospective assessment of the “section and extensively examine the fimbriae”
(SEE-FIM) protocol has identified up to 75% of pelvic serous carcinomas to have
endosalpinx involvement. Over 70% of these cases also have tubal intraepithelial carcinoma
(TIC) and more than 90% of TICs are identified in the distal fallopian tubes and involve the
fimbriae [17]. Kim and colleagues provided further evidence of the tube as the source of
EOC in their Dicer-Pten double knock out (DKO) mouse model. In Dicer-Pten DKO mice
that underwent bilateral oophorectomy, with fallopian tubes remaining intact, high grade
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serous cancers developed. In contrast, among mice that underwent bilateral salpingectomy,
with ovaries remaining intact, high grade serous cancers did not develop [2].

Given the increasing evidence indicating the fallopian tube as a primary site of serous EOC
carcinogenesis, we sought to determine whether excisional tubal sterilization techniques
account for the observed decrease in risk of serous EOC and PPC development among
women who have undergone tubal sterilization.

Materials and Methods

A population-based, case-control study was designed using the Rochester Epidemiology
Project (REP). The REP is a research infrastructure that links the medical records of
virtually all persons who have resided in Olmsted County, Minnesota, between January 1,
1966, and the present. As of 2010, the REP contained information on 502,820 persons and
their respective medical records from 65 different health care facilities in Olmsted County,
including Mayo Clinic, Olmsted Medical Center, and providers in private practice. Most
residents of Olmsted County receive their medical care from only a few practices in
southeastern Minnesota, making effective population-based research feasible. Most patients
receive cancer care at Mayo Clinic, which has a common medical records system of both
inpatient and outpatient data, linking its 2 affiliated hospitals (Saint Marys and Rochester
Methodist). Patients provide their consent to be part of the REP. The study was approved by
the institutional review boards of Mayo Clinic and Olmsted Medical Center, both in
Rochester, Minnesota.

Using the REP and the Mayo Clinic Cancer Registry, we searched for all cases of serous
EOC and PPC between January 1, 1966, and December 31, 2009. Cases were selected by
review of pathology reports by one investigator (C.R.L.-A.). Patients were excluded if they
did not have EOC or PPC or did not reside in Olmsted County at the time of diagnosis, if
they had fallopian tube carcinoma, or if the cancer was of non-serous histology. Each case
was matched by age within 2 years to 2 women from the general population residing in
Olmsted County and free of EOC or PPC in the index year (ie, year of EOC or PPC
diagnosis for the matched case). Data abstracted from the medical record for all patients
included date of birth, race, body mass index, personal and family history of cancer,
personal history of abdominal radiation or chemotherapy, smoking history, reproductive
history (gravidity and parity; breastfeeding; ages of menarche and menopause;
perimenopausal symptoms; oral contraceptive use and duration; other contraceptive use;
hormone therapy use and duration; Papanicolaou test results; diagnoses of pelvic
inflammatory disease, endometriosis, and infertility), BRCA status if known, gynecologic
surgery history (prior hysterectomy, tubal sterilization and type, unilateral or bilateral
salpingo-oophorectomy), and date of last follow-up. For case patients, information on
primary tumor site, histology, stage, and grade was also abstracted.

Original operative and pathology reports were reviewed to determine the type of tubal
sterilization performed. Excisional tubal sterilization was considered to be complete
salpingectomy, distal fimbriectomy, or partial salpingectomy (ie, Pomeroy or Parkland
methods). All other methods of tubal sterilization were considered nonexcisional, unless not
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Results

specified. Non-excisional sterilization was defined as the use of monopolar coagulation,
bipolar coagulation, clips, or rings. Among patients with clear documentation in their
surgical history of having a prior tubal sterilization, but for whom the operative and
pathology reports were not available to review, the tubal sterilization type was considered
“not specified.”

The aim of the study was to determine whether the proportion of any type of tubal
sterilization (primary study objective) or excisional tubal sterilization (secondary study
objective) was lower among women with (cases) than without (controls) serous EOC and
PPC. Demographic and baseline characteristics were compared between the cases and
controls using the x2 test or Fisher exact test for categorical variables, the 2-sample t test for
age, and the Wilcoxon rank sum test for all other continuous measures. The association
between development of serous EOC/PPC and tubal sterilization was evaluated by fitting
conditional logistic regression models. Associations were summarized using odds ratios
(ORs) with corresponding 95% Cls. We adjusted for potential confounders, including prior
hysterectomy, prior salpingo-oophorectomy, oral contraceptive use (yes vs no vs unknown),
endometriosis, infertility, gravidity (0 vs =1), and parity (0 vs =1). All calculated P values
were 2-sided, and P<.05 was considered statistically significant. The SAS software package
version 9.2 (SAS Institute Inc) was used for all statistical analyses. Rates of tubal
sterilization during the study period were estimated using historical and contemporary
reports [18, 19]. On the basis of prior publications, we expected 240 cases of serous EOC
and PPC among Olmsted County women during the 44-year study period [20, 21]. Based on
a sample size of 240 cases and 480 matched controls, we anticipated 80% power to detect a
difference in tubal sterilization rates of 27% (controls) [18, 19] vs 17.6% (cases), which
corresponds to an OR of 0.58. This calculation was based on a 2-sided ¥ test with a type |
error rate of .05 and assuming no correlation between the exposure of matched cases and
controls.

Demographics and Cancer Characteristics

During the study period, 194 cases of serous EOC and PPC were diagnosed in women
residing in Olmsted County; these cases were matched with 388 controls. Mean (SD) age
was 61.4 (15.2) years in both groups (Table 1). Mean body mass index was similar in cases
and controls (27.9 [7.0] vs 27.0 [5.8] kg/m2), and most patients were white (83.5% vs
87.6%). The rate of prior breastfeeding was the same for both groups (13.9%), but
breastfeeding data were available for less than half the patients. The mean age of menarche
was 13.1 years in both cases and controls. Among case patients, 75.3% had reached
menopause at the index date compared with 77.1% in control patients. According to the
medical records, only 5 patients (4 cases, 1 control) were tested for BRCA mutations; 2 of
the case patients were positive for mutations, and the control patient was negative.

Cancer histology, stage, and grade were documented for the 194 cases (Table 2). Per the
search criteria, all cases had serous histology, with 24.2% having mixed histology with a
serous component, and most were EOC (90.7%). The majority of patients had advanced-
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stage disease at diagnosis (61.3% stage Il1; 7.7% stage V). Serous borderline tumors
accounted for 13.4% of the cases.

Tubal Sterilization Incidence, Techniques, and Development of Serous EOC or PPC

The rate of any type of tubal sterilization before the index date was 7.2% (14/194) among
cases and 11.9% (46/388) among controls, and the rates of excisional tubal sterilization were
2.6% and 6.4%, respectively (Table 3). Among those who had tubal sterilization, the
procedure was excisional in 25 of 46 controls (55%) and 5 of 14 cases (36%). Notably, 13%
(6/46) of controls undergoing sterilization had a complete salpingectomy, compared with
0% of cases. Unipolar coagulation and bipolar coagulation were the only 2 methods of non-
excisional tubal sterilization utilized in this study.

In unadjusted, matched conditional logistic regression analyses, having any prior tubal
sterilization procedure before the index date conferred a 46% decreased risk of serous EOC
and PPC (OR, 0.54 [95% CI, 0.28-1.04]; P=.07), and excisional tubal sterilization alone (vs
no sterilization and nonexcisional techniques combined) conferred a 63% decreased risk of
development of serous EOC and PPC (OR 0.37 [95% CI, 0.14-1.00]; P=.051). However,
control patients had significantly more pregnancies and live births, a higher rate of oral
contraceptive pill use, and higher likelihood of prior hysterectomy and unilateral or bilateral
salpingo-oophorectomy than case patients (Table 1). These are well-recognized reproductive
factors associated with a decreased risk of ovarian cancer.

Because of the significant differences in reproductive and gynecologic surgery histories
between cases and controls, we adjusted for these potential confounders in multivariable
conditional logistic regression models. In the adjusted analyses, which accounted for prior
hysterectomy, prior salpingo-oophorectomy, oral contraceptive use (yes vs no vs unknown),
endometriosis, infertility, gravidity (0 vs =1), and parity (0 vs =1), having any prior tubal
sterilization was associated with a nonstatistically significant 41% decreased risk of serous
EOC and PPC (OR, 0.59 [95% CI, 0.29-1.17]; P=.13). There appeared to be greater risk
reduction associated with excisional tubal sterilization techniques (vs no sterilization and
nonexcisional techniques combined) of 64% (OR, 0.36 [95% Cl, 0.13-1.02]; P=.054).
Although this finding was not statistically significant, there was an additional 23% risk
reduction associated with excisional techniques.

Because tubal sterilization may not affect borderline tumor development [22], we further
excluded the 26 cases with serous borderline tumors and their matched controls. In these
analyses, the rate of any tubal sterilization before the index date was 7.7% (13/168) among
cases and 11.6% (39/336) among controls, and the rates of excisional tubal sterilization were
3.0% and 6.6%, respectively. In the adjusted conditional multivariable logistic regression
analyses, having any prior tubal sterilization was associated with a 38% decrease in the risk
of serous EOC and PPC (adjusted OR, 0.62 [95% CI, 0.30-1.28]; P=.20). The risk reduction
associated with an excisional tubal sterilization technique (vs no sterilization and
nonexcisional techniques combined) was 62% (adjusted OR, 0.38 [95% CI, 0.14-1.10]; P=.
07).
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Because the proportion of the tube removed during a partial salpingectomy is variable, and
is unlikely to remove much, if any, of the fimbria, we performed additional analyses
excluding partial salpingectomy as an excisional sterilization technique. In this analysis, we
only considered distal fimbriectomy and complete salpingectomy as excisional techniques,
leaving only 1 of 194 cases (0.5%) and 9 of 388 controls (2.3%) with an excisional tubal
sterilization technique. In this adjusted analysis, the decrease in risk associated with
complete salpingectomy or distal fimbriectomy (vs no sterilization, the previously defined
nonexcisional techniques, and partial salpingectomy combined) was 78% (OR, 0.22 [95%
Cl, 0.03-1.87]; P=.17). When serous borderline tumors were removed from this analysis,
the results were similar, with a 77% decrease in risk (OR, 0.23 [95% CI, 0.03-2.02]; P=.19).

Discussion

Existing epidemiologic literature on the effect of reproductive factors on EOC development
have described 34% to 67% decreases in risk after tubal sterilization [8-11, 23-25].
However, the specific tubal sterilization techniques and their impact on EOC development
have not been previously detailed. Given the increasing evidence that a large proportion of
serous cancers arise from the distal fallopian tube [26-28], sterilization procedures that
remove a portion or all of the tube may account for the EOC risk reduction previously
reported to be associated with tubal sterilization.

In our present study, excisional tubal sterilization techniques conferred a greater decrease in
the risk of serous EOC and PPC (64%) than did all tubal sterilization techniques combined
(41%), even when controlling for other factors previously shown to be associated with
decreased risk of EOC. The decrease in risk was even greater when only distal fimbriectomy
and complete salpingectomy were considered (78%). This suggests that excision of the
fimbriae may confer the greatest serous EOC and PPC risk reduction from tubal sterilization
in the general female population.

Strengths of this study include the use of a population-based cohort over a 44-year period.
The results are applicable to the general female population, and the time period covered
many changes in tubal sterilization techniques. Additionally, we controlled for multiple
potential reproductive and surgical confounders. Although it was not possible to pre-select
controls matched on reproductive history, such as parity and OCP use, these factors were
controlled for in the analysis. Serous borderline tumors were included in the primary
analyses given the potential for these cases, as we relied on pathology reports for diagnoses,
to truly represent invasive serous cancers. Additional analyses excluding the 26 borderline
tumors revealed essentially the same findings, suggesting that tubal sterilization has a larger
effect on invasive disease.

Limitations of this study include the statistical power. We estimated 240 cases of serous
EOC and PPC during the time period to detect an OR of 0.58 [17,18]; although the observed
adjusted OR of 0.59 was similar, we were limited to 194 cases. Given the 44-year time span,
we relied on pathology reports to confirm serous histology, and central pathology review
was not performed. Data on family history were missing for a substantial proportion of
patients, which prevented a meaningful analysis of familial cancers. Retrospective collection
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of the reproductive histories of our cases and controls was limited by data available in the
medical record, and there was missing data in this area (Table 1). Also, given that
formulations and doses of OCPs changed over the time period studied, detailed data
regarding the impact of specific hormones and doses could not be elucidated. Operative
reports were not available to determine the tubal sterilization technique for 6 cases and 13
controls; although this did not influence our primary analysis, the specific sterilization
technique data would have allowed a more comprehensive secondary analysis. Also, when
partial salpingectomy was excluded from the analysis as a non-excisional sterilization
technique, this further limited the numbers in our statistical analysis.

Evidence on the effect of salpingectomy on EOC development is emerging. Salpingectomy
in the Dicer-Pten DKO mouse model prevents high-grade serous EOC development, but
oophorectomy does not [2]. While this in vivo model supports the fallopian tube as the
source of serous carcinogenesis, the effects of salpingectomy may not be readily translated
from an animal model to humans. Additionally, serous cancers in Dicer-Pten DKO mice
appear to arise within the tubal stroma [2], whereas the site of serous carcinogenesis
identified in human fallopian tubes is the tubal epithelium [3, 29]. In humans, more than
70% of invasive serous cancers are associated with a TIC [17] and among women with
BRCA mutations who undergo RRSO, clinically occult tubal cancers are discovered in 2% to
17% [12, 13, 15]. The collective data suggests the fallopian tube as a potential site of serous
carcinogenesis and the results of this current population-based study demonstrate a trend
that provides further support to consider the fallopian tube as a site of pelvic serous
carcinogenesis.

While tubal sterilization clearly reduces the risk of EOC (8-11, 23-25), there may be more
than one mechanism through which this occurs. The risk of endometriosis-associated EOCs
may be reduced by interrupting retrograde menstruation; and as mucinous and transitional
cell EOC may originate in paratubal epithelial nests, tubal sterilization methods may also
contribute to reducing the risk of these cancers (30). Given the growing evidence that the
tube is a site of serous carcinogenesis, the clinical question of whether total salpingectomy
or fimbriectomy provide the greatest risk reduction among the surgical techniques and truly
decrease serous EOC and PPC risk in the general female population warrants prospective
study. The implications of EOC risk reduction conferred by excisional tubal sterilization
could ultimately influence the choice of tubal sterilization approach and technique. Reports
identifying tubal sterilization as a risk-reducing factor for EOC existed before some
contemporary sterilization techniques (eg, hysteroscopic) were developed; the effects of
these newer techniques on EOC development are unknown. In addition, the practice of tubal
excision during benign hysterectomy has been increasing and deserves further exploration
[31]. Early reports of coincidental salpingectomy and hysterectomy suggest that it is safe
and does not appear to affect ovarian function [32-35]. Such an alternative to bilateral
salpingo-oophorectomy may provide some cancer risk reduction while avoiding the
detrimental effects of oophorectomy [36].

Although an effective screening tool for EOC does not exist, methods to decrease EOC risk
have been the mainstay of management in the high-risk population (BRCA mutation carriers
and hereditary breast and ovarian cancer syndrome). In the general female population, the
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risks associated with oophorectomy may outweigh the benefit of RRSO; thus,
salpingectomy may provide a risk-reduction compromise that spares ovarian function. Our
findings raise several questions: 1) Should women undergoing permanent sterilization,
regardless of EOC risk status, be counseled to have an excisional technique performed? 2) Is
interval salpingectomy a reasonable bridge to complete adnexectomy for young, high-risk
patients? 3) Should coincidental salpingectomy be offered at the time of benign
hysterectomy in low-risk women? Larger scale prospective population-based trials are
needed to better determine the impact of salpingectomy and/or fimbriectomy for tubal
sterilization and intentional risk reduction on the development of serous EOC.
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Demographics and Baseline Characteristics

Table 1

Page 12

Characteristic

Study Group@

Cases (n=194)

Controls (n=388)

P valueP

Age at index date, y
BMI, kg/m?

Race

White
Other
Not specified

Ever breastfeeding

No
Yes
Unk
Age at menarche, y

Menopausal status at index date

Premenopausal
Postmenopausal
Unk

OCP use

Never
<5y
5-10y
>10y
Duration unk
Unk

HRT use

Never
<5y
5-10y
>10y
Duration unk
Unk
Gravidity
Parity
Hx of abnormal Pap result
No
Yes
Unk

Hx of pelvic inflammatory disease

61.4 (15.2)
26.5 (22.9-30.5)
(n=185)

162 (83.5)
6(3.1)
26 (13.4)

66 (34.0)

27 (13.9)

101 (52.1)
13.1 (1.3) (n=79)

38 (19.6)
146 (75.3)
10 (5.1)

74 (38.1)
10 (5.2)
2(1.0)
2(1.0)

23 (11.9)

83 (42.8)

41(21.1)
11(5.7)
10 (5.2)
7(3.6)
15(7.7)
110 (56.7)
2 (1-4) (n=192)
2 (0-3) (n=193)

157 (80.9)
16 (8.3)
21 (10.8)
4(2.2)

61.4 (15.2)
25.9 (22.8-30.3)
(n=372)

340 (87.6)
12 (3.1)
36 (9.3)

82 (21.1)

54 (13.9)

252 (65.0)
13.1 (1.4) (n=232)

75 (19.3)
299 (77.1)
14 (3.6)

119 (30.7)
23(5.9)
13 (3.4)

6 (1.5)

47 (12.1)

180 (46.4)

92 (23.7)
34(8.8)
17 (4.4)
34(8.8)
33(8.5)
178 (45.9)
3 (2-5) (n=384)
3 (1-4) (n=384)

322 (83.0)
30 (7.7)
36 (9.3)
8(2.1)

97
.38

.92C

.10¢

.87¢

10d

44d

.003
.007

.78¢

.99
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Study Group@
Characteristic Cases (n=194) Controls (n=388) P valueP
Hx of polycystic ovary syndrome 2(1.0 3(0.8) .99
Hx of infertility 10 (5.2) 15 (3.9) A7
Hx of endometriosis 9(4.6) 13(3.4) 44
Prior hysterectomy 30 (15.5) 125 (32.2) <.001
Prior salpingo-oophorectomy 9 (4.6) 69 (17.8) <.001

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy; Hx, history; OCP, oral contraceptive pill; Pap, Papanicolaou test; Unk,
unknown.

a\/alues are No. (%), unless otherwise stated.

b . . . - .
The XZ or Fisher exact test was used for categorical variables, 2-sample t test for age, and Wilcoxon rank sum test for all other continuous
measures.

c . . . ] . .
Comparisons based on ignoring those with unknown information.

d . . . . . .
Comparisons based on ever vs never usage, ignoring those with unknown information.
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Table 2

Oncologic Characteristics Among Cases (n=194)

Characteristic

No. of Cases (%0)

Primary site

Ovarian

Primary peritoneal

FIGO grade

Borderline

1

2

3

Not documented
FIGO stage

|

1l

i

v

Not documented
Histology

Serous

Mixed serous

Not documented

176 (90.7)
18 (9.3)

26 (13.4)
15(7.7)

20 (10.3)

131 (67.5)
2(1.0)

40 (20.6)
19 (9.8)
119 (61.3)
15(7.7)
1(0.5)

146 (75.3)
47 (24.2)
1(0.5)

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.
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Tubal Sterilization T

etal.

Table 3

echniques

Tubal sterilization

Study Group@

Cases (n=194)  Controls (n=388)

No 180 (92.8) 342 (88.1)
Yes 14 (7.2) 46 (11.9)
Excisional
Complete salpingectomy 0 6
Partial salpingectomy 4 16
Distal fimbriectomy 1 3
Nonexcisional
Unipolar coagulation 2 0
Bipolar coagulation 1 8
Type not specified 6 13

a\/alues are No. or No. (%)
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