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Substantial variation by histological type

Kezia Gaitskell, Jane Green, Kirstin Pirie, Gillian Reeves and Valerie Beral;
on behalf of the Million Women Study Collaborators

Cancer Epidemiology Unit, University of Oxford, Oxford, United Kingdom

Histopathological and molecular studies suggest that different histological subtypes (histotypes) of ovarian cancer have differ-
ent aetiologies. Few studies have been large enough to explore reliably the effect of tubal ligation (sterilization), which has
been associated with a reduced overall risk of ovarian cancer, on different tumour histotypes. In a prospective study of 1.1
million UK women without prior cancer or bilateral oophorectomy, 8,035 ovarian cancers occurred during mean follow-up of
13.8 years. Using a Cox proportional hazards model, we estimated adjusted relative risks of ovarian cancer associated with
tubal ligation. Overall, there was substantial heterogeneity in tumour risk associated with tubal ligation for the four main his-
totypes, serous, endometrioid, mucinous and clear cell (heterogeneity: p<0.0001). For serous tumours, the most common his-
totype (n = 3,515), risks differed significantly between high-grade (RR: 0.77, 95% Cl: 0.67-0.89) and low-grade tumours (RR:
1.13, 95% Cl: 0.89-1.42); heterogeneity: p = 0.007. Relative risks were almost halved for endometrioid (7 = 690, RR: 0.54,
95% Cl: 0.43-0.69) and clear cell tumours (n =401, RR: 0.55, 95% Cl: 0.39-0.77), but there was no association between
tubal ligation and mucinous tumours (n = 836, RR: 0.99, 95% Cl: 0.84-1.18). For the main tumour histotypes we found little
variation of risk by timing of tubal ligation. The significant differences by tumour histotype are unlikely to be due to confound-
ing and are consistent with hypotheses that high-grade and low-grade serous tumours have different origins, and that some
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endometrioid and clear cell tumours might arise from cells and/or carcinogens travelling through the fallopian tubes.

Ovarian cancer is one of the most common causes of cancer
death amongst women in high income countries." There is
increasing evidence that the different histological subtypes
(histotypes) of ovarian cancer may have different origins, and
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show different molecular signatures.””> The vast majority of
ovarian cancers are epithelial tumours, of which the four
most common histotypes are serous, mucinous, endometrioid
and clear cell tumours.® For serous tumours, it has been fur-
ther suggested that they be divided into low-grade serous
tumours (consisting of serous borderline tumours and low-
grade serous carcinoma) and high-grade serous carcinoma.

Meta-analyses of observational epidemiological studies
have consistently found that tubal ligation (also known as
sterilization, in which the fallopian tubes are clipped, cut, or
tied) is associated with an overall reduced risk of ovarian
cancer. However, published findings by tumour histotype are
inconsistent, except perhaps that most investigators have
reported a reduced risk for endometrioid tumours.””® Epide-
miological studies need to be sufficiently large to have
enough power to detect reliably heterogeneity by tumour his-
totype. We therefore report here on the association observed
between tubal ligation and incident ovarian cancer in a large
cohort study of UK women.

Material and Methods

Study design, data collection and follow-up

The Million Women Study is a prospective study of 1.3 mil-
lion UK women, recruited in 1996-2001 via the UK National
Health Service (NHS) Breast Screening Programme. At
recruitment, women completed a questionnaire on socio-
demographic, reproductive, medical and lifestyle factors. The
cohort is resurveyed approximately every 3 to 5 years. The
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Tubal ligations can reduce ovarian cancer—but possibly only certain types. This large study reports on the risk of four main
ovarian tumour histotypes following tubal ligation. They found that the procedure almost halved the risk of clear cell tumors
and endometrioid tumours, but had little effect on mucinous tumours. For serous tumours, risk varied by grade: tubal ligation
reduced the risk of high-grade, but not low-grade, serous tumours. These findings support the hypothesis that high- and low-
grade serous tumours have different causes, and that some ovarian tumours may arise from cells or carcinogens travelling

through the fallopian tubes.

study design and methods are described in detail else-
where,'”'" and questionnaires can be viewed online at http://
www.millionwomenstudy.org.

All participants have been flagged on the NHS Central
Register (NHSCR), so the study investigators are routinely
notified of cancer registrations and deaths. The information
provided includes the date of the event (cancer registration or
death), together with the cancer site (coded using the 10th
revision of the International Classification of Diseases, ICD-
10)'* and tumour morphology (coded using the second and
third editions of the International Classification of Diseases for
Oncology, ICD-0)."** The Million Women Study has also
been linked to data from the National Cancer Intelligence Net-
work (NCIN), providing additional information on diagnostic
histology codes, and on tumour grade, for cases diagnosed in
England. For this study, tumour histology and grade informa-
tion from NCIN were used where available, to supplement the
NHSCR data.

All participants gave written consent to follow-up at recruit-
ment. Ethical approval was granted by the Oxford and Anglia
Multi-Centre Research Ethics Committee (MREC 97/01).

Exposure variables

Women in the study were asked at recruitment “Have you
been sterilised (had your tubes tied)?,” and if so, their age at
sterilization (used for analyses of the timing of sterilization).

Outcome

The outcome of interest was ovarian cancer (C56 in ICD-
10)."? For histotype analyses, the outcome was split into five
histological groups: serous (ICD-O codes 8441-8442, 8451,
8460-8463, 9014), mucinous (ICD-O codes 8470-8490),
endometrioid (ICD-O codes 8380-8381, 8560, 8570, 8933,
8950), clear cell (ICD-O codes 8310, 8313) and other.

For some exploratory analyses, tumour types were ana-
lysed separately by grade (available for about 40% of all
cases). Three-tier grading systems had generally been used
(including those outlined by FIGO (International Federation
of Gynecology and Obstetrics),"> WHO (World Health Orga-
nization),'® and Silverberg17), and the few cases classified as
“grade 4” were grouped together with “grade 3” tumours.

Serous tumours were divided into low-grade tumours
[defined here as borderline (ICD-O codes 8442, 8451, 8462,
8463) or grade 1 serous tumours], and high-grade serous car-
cinoma (defined here as grade >2 serous tumours). The

assumptions we made in converting tumour grade informa-
tion from the three-tier (grade 1-3) to the two-tier (low-
grade vs. high-grade) system for serous carcinoma were in
line with those used in other publications.*'®"

Endometrioid tumours were divided into two, i.e., grade 1
or 2, and grade 3, as it has been suggested that some high-
grade (grade 3) endometrioid ovarian carcinomas might be the
same as high-grade serous carcinomas®® and should be consid-
ered with them.*

Clear cell tumours were not divided by grade, as all clear
cell ovarian cancers are high-grade/grade 3, by definition.****!

Mucinous tumours were split into mucinous borderline
tumours (ICD-O codes 8472-8473) and mucinous carcinoma
(ICD-O codes 8470-8471 and 8480-8490); the mucinous car-
cinomas were not further subdivided by tumour grade, as
numbers were small.

Statistical analysis

Women were excluded from the analyses if: (i) they had
been diagnosed with any invasive cancer other than nonme-
lanoma skin cancer (ICD-10 code C44) prior to recruitment
(n =66,221), (ii) they reported at recruitment having had
both ovaries removed (bilateral oophorectomy), or if they
were unsure whether they had or not (n=170,769), or (iii)
they had missing data on tubal ligation (n=15,712). The
remaining women (N = 1,132,914) contributed person-years
from the date of recruitment into the study until the date of
registration for ovarian cancer, the date of death, or last date
of follow-up (December 31, 2013)—whichever was soonest.
Women were censored at diagnosis of any nonovarian can-
cer. For analyses exploring effects of the timing of tubal liga-
tion, women were excluded if they had missing information
on age at tubal ligation (n = 14,684). About 1% of partici-
pants had been lost to follow-up and such women are
censored at the date when they were lost, contributing
person-years until then.

Cox (proportional hazards) regression models were used
to estimate hazard ratios [referred to as relative risks (RRs)]
of developing ovarian cancer by tubal ligation status.
Attained age was the underlying time variable. There was no
evidence of significant violation of the proportional hazards
assumption, as assessed by graphical methods and tests based
on Schoenfeld residuals.

All analyses were stratified by geographical region (10
regions corresponding to the areas covered by the cancer
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Tubal ligation and ovarian cancer risk in a large cohort

Table 1. Characteristics of the study population at recruitment, and details of follow-up, by tubal ligation status

Tubal ligation

Characteristics No Yes All women
Number of women 886,866 246,048 1,132,914
Mean (SD) age at recruitment (years) 56.3 (4.9) 55.3 (4.3) 56.1 (4.8)
Socioeconomic status, lower third, % (n) 30.5 (268,314) 38.0 (92,663) 32.1 (360,977)
Mean age at menarche (SD) 13.0 (1.6) 13.0 (1.6) 13.0 (1.6)
Nulliparous, % (1) 13.3 (117,319) 2.6 (6,352) 10.9 (123,671)

Ever use of oral contraceptive pill, % (n)
Ever use of menopausal hormones, % (n)

Hysterectomy, % (n)

57.0 (501,857)
44.5 (390,518)
14.2 (126,054)

Mean age at natural menopause (SD) 49.3 (4.2)
Family history of breast cancer, % (n) 9.8 (82,101)
Mean (SD) body mass index (kg/m?) 26.0 (4.6)

Current smoker, % (n)
Strenuous exercise >once/week, % (n)
Alcohol intake, >7 units/week, % (n)

Follow-up for incident ovarian cancer

18.4 (153,773)
39.8 (340,538)
23.6 (207,870)

Woman-years of follow-up for incidence (100,000s) 122.6
Mean follow-up time per woman (SD) 13.8 (3.4)
Number of incident ovarian cancers 6,693

70.3 (171,546)
54.9 (133,529)
19.4 (47,579)
48.7 (4.5)
10.0 (22,781)
26.6 (4.8)
26.4 (61,264)
37.7 (89,266)
25.5 (62,130)

33.9
13.8 (3.3)
1,342

59.9 (673,403)
46.7 (524,047)
15.4 (173,633)
49.1 (4.3)

9.9 (104,882)
26.1 (4.7)
20.1 (215,037)
39.3 (429,804)
24.0 (270,000)

156.5
13.8 (3.4)
8,035

Means and percentages are calculated excluding missing values for the variable of interest.

n: number of women. SD: standard deviation.

registries), and further adjusted for parity (0, 1, 2, 3+), use of
the oral contraceptive pill (never, ever), family history of breast
cancer (no, yes), hysterectomy (no, yes), use of menopausal
hormones (never, ever), body mass index (BMI) (<25 kg/m?,
25-29 kg/m?, 30+ kg m~?), smoking history (never, past, cur-
rent) and quintiles of socioeconomic status (based on the
Townsend deprivation index).* All adjustment variables were
as reported at recruitment. For adjustment variables, missing
values were assigned to a separate category. Exposure informa-
tion was either missing or reported as unknown for <6% of
women for all potential confounders. Sensitivity analyses were
conducted excluding all women with missing data on covari-
ates within the model.

Other factors (including alcohol consumption, physical
activity and age at menarche) were explored as potential con-
founders, but were not included in the final model as their
inclusion made no appreciable difference to the main estimate
of effect.

Tests of heterogeneity in the relationship between tubal
ligation and ovarian cancer risk by histotype were performed
using a competing risks approach.”’

To explore possible effect modification of the main relation-
ship between tubal ligation and ovarian cancer, multiplicative
interaction terms were modelled between tubal ligation and
each potential confounder in turn. Likelihood ratio tests were
used to compare the models with versus without the interaction
terms.

Analyses were also conducted to explore possible effects of
age and time with tubal ligation, including age at, time since
and calendar year of tubal ligation, and whether the tubal liga-
tion was in the same year as the last birth or afterward. All
analyses of the timing of tubal ligation were restricted to
parous women, as there were very few nulliparous women
who had had a tubal ligation. Where comparisons are made
between more than two exposure categories, group-specific
confidence intervals for the log risk in each group were calcu-
lated, allowing comparisons to be made between any two cate-
gories, even if neither is the reference group.** Conventional
95% confidence intervals (CI) are given in the text.

Analyses were performed in Stata-14.>> Tests of statistical
significance were two-sided. Figures were drawn in R using
Matthew Arnold and Paul Sherliker’s “Jasper” package.

Results

A total of 1,132,914 women, mean age at recruitment 56.1
[standard deviation (SD) 4.8] years, were included in the
analyses. At recruitment, 246,048 (22%) reported having had
a tubal ligation, at median age 35 [interquartile range (IQR)
31-38], and median year 1978 (IQR 1973-1982). Women
who reported a previous tubal ligation were more likely to be
parous, to have used the oral contraceptive pill and meno-
pausal hormones, to have had a hysterectomy, to be a current
smoker, and to live in areas in the lower third of
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Histological subtype Cases Relative Risk (95% CI)
Serous tumours (all) 3515 . 0.84 (0.77, 0.92)
Serous borderline & low-grade carcinoma 447 —E— 1.13(0.89, 1.42)
High-grade serous carcinoma 1593 i 0.77 (0.67, 0.89)
Heterogeneity: y2=7.2 (p=0.007)
Endometrioid carcinoma (all) 690 —— 0.54 (0.43, 0.69)
Endometrioid carcinoma, Grade 1-2 212 — 0.41 (0.24, 0.68)
Endometrioid carcinoma, Grade 3 205 *ﬁe— 0.94 (0.64, 1.36)
Heterogeneity: #°=7.1 (p=0.008)
Clear cell carcinoma 401 + 0.55 (0.39, 0.77)
Mucinous tumours (all) 836 —l— 0.99 (0.84, 1.18)
Mucinous borderline tumours 410 %— 0.98 (0.76, 1.25)
Mucinous carcinoma 426 g 1.01(0.79, 1.29)
i Heterogeneity: x12=0104 (p=0.8)
Other / Unspecified 2593 . 0.80 (0.71, 0.89)
All ovarian cancer 8035 O 0.80 (0.76, 0.85)
Heterogeneity: 33=23.2 (p=0.0001)

025 050 1.00 200 4.00

Figure 1. Relative risk of subtypes of ovarian cancer in women with versus without a history of tubal ligation. N =1,132,914. Results
show relative risks (hazard ratios) of ovarian cancer amongst women with a history of tubal ligation compared to women without a history
of tubal ligation, by histological subtype. Analyses are adjusted for age, region, parity, family history of breast cancer, hysterectomy, use of
the oral contraceptive pill and menopausal hormones, body mass index, smoking and socioeconomic status. Serous tumours have been

split into low-grade (serous borderline tumours and low-grade serous

carcinoma, here defined as grade 1) and high-grade (serous carci-

noma of grade >2). Endometrioid tumours have been split into low-grade (here defined as grade 1-2) and high-grade (grade 3); see main
text for discussion of rationale for this. Note: The numbers of grade-specific serous and endometrioid tumours do not sum to the total num-
bers of serous and endometrioid tumours, as information on tumour grade was missing for 1,475 serous carcinomas and 273 endometrioid

carcinomas.

socioeconomic status, compared to women without tubal
ligation (Table 1).

The women were followed up for incident ovarian cancer
over 15.6 million person-years, with a mean duration of
follow-up of 13.8 (SD 3.4) years per woman. During this
period, 8,035 incident ovarian cancers were registered, of
which 3,515 (44%) were serous; 836 (10%) were mucinous; 690
(9%) were endometrioid; 401 (5%) were clear cell and 2,593
(32%) were of other histological types (mostly unspecified epi-
thelial tumours). The mean age at diagnosis of ovarian cancer
was 65.1 years (SD 6.4).

The relative risk of ovarian cancer amongst women with
tubal ligation compared to those without was 0.80 (95% CI:
0.76-0.85, p < 0.001), after adjustment for age, region, parity,
family history of breast cancer, hysterectomy, socioeconomic
status, body-mass index, smoking and use of contraceptive or
menopausal hormones.

There was strong evidence of heterogeneity by histotype
(Fig. 1; heterogeneity, p = 0.0001). Tubal ligation was associ-
ated with almost a halving in the risk of endometrioid (RR:
0.54, 95% CI: 0.43-0.69) and clear cell tumours (RR: 0.55,
95% CI: 0.39-0.77), and a lesser but still significant reduction
in the risk of serous tumours (RR: 0.84, 95% CI: 0.77-0.92),

but there was no significant reduction in the risk of muci-
nous tumours (RR: 0.99, 95% CI: 0.84-1.18).

When we divided serous tumours into low-grade serous
tumours (serous borderline tumours and low-grade serous car-
cinoma) and high-grade serous carcinoma, risks differed signif-
icantly (heterogeneity, p = 0.007). There was strong evidence
that tubal ligation was associated with a reduction in the risk of
high-grade serous carcinoma (n=1,593, RR: 0.77, 95% CI:
0.67-0.89), but not of low-grade serous tumours (n = 447, RR:
1.13,95% CI: 0.89-1.42).

In view of suggestions that some tumours classified as high-
grade endometrioid tumours might have been mis-diagnosed
high-grade serous tumours,® we conducted an exploratory
analysis, splitting endometrioid tumours into low-grade carci-
noma, and high-grade carcinoma. There was again heterogene-
ity in the risks (p = 0.008), with tubal ligation associated with a
greater reduction in the risk of low-grade (n =212, RR: 0.41,
95% CI: 0.24-0.68), than of high-grade endometrioid carci-
noma (n = 205, RR: 0.94, 95% CI: 0.64-1.36).

When mucinous tumours were split into borderline and
fully malignant subtypes, there was little or no association
between tubal ligation and the risk of either mucinous bor-
derline tumours (n =410, RR: 0.98, 95% CI: 0.76-1.25) or

Int. ). Cancer: 138, 1076-1084 (2016) © 2015 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC
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Tubal ligation and ovarian cancer risk in a large cohort

ALL OVARIAN CANCER SEROUS TUMOURS ENDOMETRIOID & CLEAR CELL TUMOURS
Timing of tubal ligation Cases RR (95% g-s Cl) Cases RR (95% g-s CI) Cases RR (95% g-s Cl)
Year of tubal ligation
Never 5544 . 1.00 (0.97, 1.03) 2446 - | 1.00 (0.96, 1.05) 742 | 1.00 (0.92, 1.08)
<1974 398 - 0.77 (0.70, 0.86) 159 - 0.69 (0.59, 0.81) 40 ——— 0.66 (0.48, 0.90)
1975-1979 395 - 0.82 (0.75, 0.91) 197 - 0.92 (0.80, 1.086) SRR 0.47 (0.33, 0.67)
1980+ 407 - 0.78 (0.71, 0.86) 193 - 0.84 (0.73, 0.97) 42 —— 0.56 (0.41, 0.76)
Heterogeneity: x§=0.9 (p=0.6) Heterogeneity: x§=7.7 (p=0.02) Heterogeneity: 15!1.9 (p=0.4)
Age at tubal ligation
Never 5544 . 1.00 (0.97, 1.03) 2446 - | 1.00 (0.96, 1.05) 742 [ ] 1.00 (0.92, 1.09)
<35 576 ] 0.79 (0.73, 0.86) 262 - 0.82(0.72,0.93) 54 —— 0.54 (0.41,0.71)
35+ 624 u 0.79 (0.73, 0.86) 287 - 0.81(0.72,0.91) 58 == 0.58 (0.45, 0.74)
Heterogeneity: xf=0.006 (p=0.9) Heterogeneity: xf=D.01 (p=0.9) Heterogeneity: zf=0.1 (p=0.8)
Years since tubal ligation
Never 5544 . 1.00 (0.97, 1.03) 2446 [ - | 1.00 (0.96, 1.04) 742 = 1.00 (0.93, 1.08)
<25 366 - 0.85 (0.76, 0.94) 173 - 0.94 (0.80, 1.09) 350 —— 0.50 (0.36, 0.70)
>25 834 = 0.77 (0.72, 0.83) 376 - 0.77 (0.69, 0.85) 77 —— 0.59 (0.47, 0.74)
Heterogeneity: 1=2.0 (p=0.2) Heterogeneity: x°=4.1 (p=0.04) Heterogeneity: 2=0.7 (p=0.4)
Timing in relation to last birth
Never 5395 - 1.00 (0.97, 1.03) 2387 [ | 1.00 (0.95, 1.05) 723 " 1.00 (0.92, 1.09)
Within one year 199 - 0.84 (0.73, 0.96) 76 —_ 0.72 (0.57, 0.90) 14 0.46 (0.27, 0.78)
More than a year later 962 = 0.78 (0.73, 0.83) 457 - 0.83 (0.76, 0.91) 94 = o 0.57 (0.47, 0.70)
Heterogeneity: xf!ﬂ.& (p=0.4) Heterogeneity: xf=1.4 (p=0.2) Heterogeneity: 13:0.6 (p=0.4)

0.25 0.50 1.00 2.00

0.25 0.50 1.00 2.00

0.25 0.50 1.00 2.00

Figure 2. Relative risk of ovarian cancer in relation to the timing of tubal ligation (amongst parous women only). Results show relative

risks (hazard ratios) of ovarian cancer by the timing of tubal ligation, with 95% group-specific confidence intervals (95% g-s Cl). Each tim-
ing analysis was a separate model. For each analysis, we excluded nulliparous women, and sterilized women if their age at tubal ligation
was unknown [993,166 women (6,744 cases) included in analyses]. For the analysis of tubal ligation at versus after the last birth, women

with an unknown age at last birth were also excluded [967,166 women

(6,556 cases) included in analyses]. Analyses are adjusted for age,

region, parity, family history of breast cancer, hysterectomy, use of the oral contraceptive pill and menopausal hormones, body mass index,
smoking and socioeconomic status. Heterogeneity tests are among women with a tubal ligation only.

fully malignant mucinous carcinoma (n = 426, RR: 1.01, 95%
CI: 0.79-1.29).

A sensitivity analysis excluding all women with missing
values in any of the adjustment variables showed that the
association between tubal ligation and ovarian cancer, and
the variation by histotype, was not appreciably changed (data
not shown).

There was little or no variation in risk either by age at,
year of, or years since tubal ligation, or whether tubal ligation
was performed in the same year as the last birth or subse-
quently, for ovarian cancer overall, and for endometrioid and
clear cell tumours (Fig. 2). Compared to women without
tubal ligation, for serous tumours there was some suggestion
of a greater reduction in risk with tubal ligations performed
<1974 (RR: 0.69, 95% CI: 0.58-0.81), than with those per-
formed in 1975-1979 (RR: 0.92, 95% CI: 0.80-1.07), or those
performed in 1980 or later (RR: 0.84, 95% CI: 0.73-0.98),
heterogeneity: p = 0.02. There was also some suggestion of a
greater reduction in risk for women with a time since tubal
ligation of >25 years (RR: 0.77, 95% CI: 0.69-0.86) than for
<25 years since tubal ligation (RR: 0.94, 95% CI: 0.80-1.10),
heterogeneity: p = 0.04.

There was no significant variation in the association
between tubal ligation and ovarian cancer with parity, use of
contraceptive or menopausal hormones, hysterectomy, age at
natural menopause, family history of breast cancer, smoking,
socioeconomic status, frequency of strenuous exercise or

Int. ). Cancer: 138, 1076-1084 (2016) © 2015 The Authors International

alcohol intake (Fig. 3). There was some weak evidence of het-
erogeneity by body mass index and age at menarche,
although this may well be due to chance, as multiple statisti-
cal tests were performed.

Discussion

In a large prospective cohort study with 8,035 incident cases
of ovarian cancer, we found strong evidence that the risk of
ovarian cancer associated with tubal ligation varied by
tumour histotype. We found a modest reduction in risk of
the most common histotype, serous tumours, as had been
previously reported.”® However, when we split serous
tumours into low-grade serous tumours and high-grade
serous carcinoma, we found significant differences, with a
20% reduction in risk of high-grade serous carcinoma, but
no reduction in risk of low-grade serous tumours. This is the
first study to report a significant difference between the risks
of low-grade versus high-grade serous ovarian tumours asso-
ciated with tubal ligation.

We found about a halving of the risk of endometrioid and
of clear cell tumours associated with tubal ligation. Others
have reported similar findings for endometrioid tumours.”””
Reported findings for clear cell tumours are mixed, perhaps
because it is relatively uncommon. We found little or no
association between tubal ligation and the risk of mucinous
ovarian cancer, in keeping with some reports,”® though not
others.’

Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC
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Tubal
Subgroup ligation (%) Cases Relative Risk (95% Cl)
Socioeconomic status
Tertile 1 (least deprived) 19 2801 . 0.76 (0.69, 0.85)
Tertile 2 21 2621 - 0.82 (0.74, 0.91)
Tertile 3 (most deprived) 26 2563 - 0.82 (0.74, 0.90)
: Heterogeneity: ;«_3:1 .3 (p=0.5)
Age at menarche H
<12 23 1610 Cw 0.69 (0.61, 0.79)
1210 13 21 3342 EE 0.80 (0.73, 0.88)
14+ 22 2931 .- 0.88 (0.80, 0.97)
Heterogeneity: 15:8.2 (p=0.02)
Earhy. 5 1189
Nulliparous e 0.96 (0.72, 1.26)
Parous 24 6832 = 0.77 (0.73, 0.82)
: Heterogeneity: ﬁ=2.0 (p=0.2)
Oral contraceptive pill use !
Never 16 3906 . 0.79 (0.71, 0.87)
Ever 25 4078 - 0.82 (0.76, 0.88)
' Heterogeneity: 1f=0.4 (p=0.6)
Menopausal hormone use i
Never 18 4158 = 0.77 (0.71, 0.85)
Ever 25 3814 - 0.83 (0.77, 0.90)
1 Heterogeneity: xf=1 3 (p=0.2)
Hysterectomy i
No 21 6677 - 0.79 (0.73, 0.84)
Yes 27 1352 —a— 0.87 (0.7, 0.99)
i Heterogeneity: %%=2.0 (p=0.2)
Age at natural menopause i
<50 19 1085 . 0.78 (0.65, 0.92)
250 16 1783 —— 0.81(0.70, 0.93)
i Heterogeneity: %2=0.1 (p=0.7)
Family history of breast cancer !
No 21 6767 - 0.80 (0.75, 0.85)
Yes 22 827 e 0.83 (0.69, 1.00)
i Heterogeneity: 1?:0.2 (p=0.6)
Body mass index (kg/m?) |
<25 20 3496 re 0.87 (0.80, 0.96)
25.29 22 2774 -n- 0.73 (0.66, 0.81)
30+ 25 1374 —a 0.77 (0.67, 0.88)
i Heterogeneity: x3=7.3 (p=0.03)
Smoking |
Never 19 4061 - 0.79 (0.72, 0.86)
Past 22 2104 - 0.84 (0.75, 0.94)
Current 28 1402 e 0.81(0.71, 0.91)
i Heterogeneity: 53=0.7 (p=0.7)
Strenuous exercise i
<Oncelweek 22 4729 - 0.80 (0.74, 0.86)
Once+week 21 3027 - 0.82 (0.75, 0.91)
' Heterogeneity: xf:Cl.E (p=0.6)
Alcohol use |
<7 units/week 21 6203 - 0.81(0.75, 0.87)
7+ units/week 23 1771 - 0.80 (0.71, 0.91)
; Heterogeneity: ﬁ=0.01 (p=0.9)
All women 22 8035 & 0.80 (0.76, 0.85)

0.5 1.0 2.0

Figure 3. Relative risk of ovarian cancer in women with versus without a history of tubal ligation, by subgroup. Results show the relative
risks (hazard ratios) of ovarian cancer in women with versus without tubal ligation, by various other factors. The results for each subgroup
are from separate models, restricted to women with no missing information on that variable, and thus total numbers of participants and
cases will differ. Analyses are adjusted for age, region, parity, family history of breast cancer, hysterectomy, use of the oral contraceptive
pill or menopausal hormones, body mass index, smoking and socioeconomic status, as appropriate.

New hypotheses about the origins of ovarian cancer have
provoked a reconsideration of possible mechanisms underly-
ing the reduced risk of ovarian cancer with tubal liga-
tion.””?**” The significant heterogeneity seen here between
low-grade versus high-grade serous tumours is consistent
with the hypothesis that the two tumour subtypes develop
along distinct pathways.

High-grade serous ovarian cancer is hypothesised to arise
from precursor lesions within the fallopian tubal epithelium,
particularly in the fimbrial end adjacent to the ovary, and
subsequently seed to the ovary. There is considerable evi-
dence for this, including several studies showing putative pre-
cursor lesions within the fallopian tubes (such as focal areas
of epithelium featuring mutations in the tumour-suppressor
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gene TP53 or aberrant expression of its protein p53, and/or
areas of dysplasia or intraepithelial serous carcinoma), not
only in prophylactic salpingoophorectomy specimens from
women with an increased genetic risk of ovarian cancer, and
from women with known high-grade serous ovarian can-
cer,”®>* but also in salpingoophorectomy specimens from
women not known to be at increased genetic risk, in some
cases with accompanying incidental invasive high-grade
serous carcinoma.”>’ The putative precursor lesions in
many cases show molecular changes that are similar or iden-
tical to those seen in co-existing high-grade serous ovarian
cancer, particularly in terms of TP53 mutations™ (mutations
in the gene for p53 being characteristic and ubiquitous in
high-grade serous ovarian cancer’®).

The origins of low-grade serous tumours are considerably
more uncertain. In many cases, there appears to be a step-
wise progression from ovarian epithelial inclusion cysts,
through benign cystadenomas and serous borderline tumours,
to low-grade serous carcinoma. Evidence for this includes the
frequent co-existence of serous borderline tumours with low-
grade serous carcinomas,'® and similar molecular changes:
both serous borderline tumours and low-grade serous carci-
nomas commonly feature mutations in BRAF or KRAS,” but
rarely in TP53,% in contrast to high-grade serous carcinoma.
It has been suggested that some low-grade serous tumours
may also originate indirectly from tubal epithelial cells (per-
haps from benign or hyperplastic tubal epithelial cells which
become trapped in the ovary as epithelial inclusion cysts at
the time of ovulation, possibly at a young age),*"** but the
evidence for this is much less established than that for the
tubal origins of high-grade serous carcinoma.

Surgical ligation of the fallopian tube might reduce the
risk of high-grade serous ovarian cancer, either by physically
obstructing the passage of tubal cells toward the ovary, or by
collateral damage to the local tubal blood supply, with poten-
tial subsequent effects on the tubal epithelium. In addition,
some forms of tubal sterilization involve removal of some or
all of the tube, and/or disruption of the distal end of the
tube—which might have been more common in the past, and
could possibly explain the significantly greater risk reduction
found for tubal ligations done before than after 1974.

The apparent lack of an effect of tubal ligation for low-
grade serous tumours is consistent with the hypothesis that
they have a different origin to high-grade serous ovarian can-
cer. However, it is not entirely incompatible with a possible
tubal origin for low-grade serous tumours (e.g., if the precur-
sor cells of origin had already been attached to the ovary
before the tubal ligation occurred).

Some endometrioid and clear cell tumours are thought to
develop from endometriosis,”* and one might speculate that
the almost halving of risk seen with tubal ligation could be
due to the blocking of retrograde menstruation through the
fallopian tubes to the ovaries and pelvis. It could also reflect
the blocking of the transport of carcinogens up the tubes to
the ovaries and pelvis. For any mechanism that involved the

Tubal ligation and ovarian cancer risk in a large cohort

blockage of menstruation or the passage of carcinogens up
the tube, one might expect the association with tubal ligation
to vary by timing (e.g., a greater reduction in risk for tubal
ligation performed at a younger age, or longer ago). How-
ever, we found no suggestion of any association with the tim-
ing of tubal ligation for ovarian cancer overall or for
endometrioid and clear cell tumours, and only limited evi-
dence of an association with the year of, and years since,
tubal ligation for serous tumours. These findings are in keep-
ing with most, but not all, previous studies.”””

Our study has several strengths, in addition to the large
sample size and number of cases. In particular, the prospec-
tive collection of exposure data helped to prevent differential
recall of tubal ligation or other factors amongst women with
and without cancer. The use of routinely collected national
data for follow-up and ascertainment of incident ovarian can-
cer resulted in few participants being lost to follow-up. The
prospective study design also facilitated the involvement of
women with more aggressive tumour types, who might not
be included in retrospective studies, as there can be a sub-
stantial time lag between cancer diagnosis and recruitment to
a retrospective study. The high prevalence of tubal ligation
(22%) was also an advantage in terms of statistical power.

One potential weakness of our study was that we did not
undertake central histopathological review of our cases, for
standardization and incorporation of the latest diagnostic crite-
ria. The distribution of histotypes amongst our cases was con-
sistent with those from other population-based studies, with
serous tumours accounting for around 65% of those of the
four main histotypes, endometrioid tumours for 13%, muci-
nous 15%, and clear cell 7% (by way of comparison, the corre-
sponding percentages from the EPIC cohort are: 67% serous,
13% endometrioid, 14% mucinous, and 6% clear cell*®). This
distribution is slightly different to that reported by two
hospital-based studies of ovarian cancer cases, in both of
which mucinous tumours accounted for only around 3% of
cases™™*%; this may reflect differences in the study populations
(North America vs. Europe), or historical differences in diag-
nostic criteria (e.g., mucinous tumours in our cohort might
include some metastases from the gastrointestinal tract).

About 32% of ovarian cancers in our study were not
recorded as being of one of the four main histotypes (serous,
endometrioid, clear cell or mucinous). Of these, 87% were
epithelial tumours of other, mixed, or unspecified type
(mostly unspecified adenocarcinoma, ICD-O code 8140, or
unspecified carcinoma, ICD-O code 8010), and 10% were
unspecified malignant tumours (ICD-O code 8000). Given
that high-grade serous carcinoma is the most common histo-
type of ovarian cancer, it seems likely that many of the
tumours listed as unspecified carcinoma/adenocarcinoma are
in fact high-grade serous tumours. This would be supported
by our observation that tubal ligation is associated with a
similar reduction in risk of other/unspecified ovarian cancer
(RR: 0.80, 95% CI: 0.71-0.89) as of high-grade serous carci-
noma (RR: 0.77, 95% CI: 0.67-0.89).
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Tumour histology may have been classified in somewhat
different ways by different pathologists. Any such misclassifi-
cation would tend to blur differences by tumour histotype,
yet distinctly heterogeneous risks were found. This argues
strongly for causality, as it confirms that the variation in risk
associated with tubal ligation is not just due to confounding,
and strengthens hypotheses that different histotypes of ovar-
ian cancer have different causes.
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