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Objectives: The aims of this study were to compare time trends in ovarian cancer incidence
and mortality in populations with (1) similar genetics but different health care systems
(Ireland and Northern Ireland [NI]) and (2)different genetics but similar health care system
(Israeli Jews and Arabs) and to interpret the results.
Methods: Age-standardized rates of ovarian cancer incidence and mortality for 1994Y2013
in the 3 countries were obtained from national cancer registries and national statistics. Time
trends in incidence, mortality, and incidence-to-mortality ratio were assessed by linear re-
gression models applied to each country and between populations (Ireland-NI, IrelandYIsraeli
Jews, Israeli JewsYArabs). Joinpoint analysis was used to calculate the annual percentage
change (APC).
Results: Ovarian cancer incidence and mortality rates in 1994 were similar in the countries
studied. Thereafter a reduction in incidence and mortality was observed in Ireland (inci-
dence APC1994Y2013 =j0.75%, P G 0.05; mortality APC1994Y2013 =j0.67%, P G 0.05), NI
(incidence APC1998Y2013 = j1.5%, P G 0.05; mortality APC2005Y2013 = j3.8%, P G 0.05),
and Israeli Jews (incidence APC1994Y2013 = j2.2%, P G 0.05; mortality APC1994Y2013 =
j1.2%, P G 0.05). Trends in Israeli Arabs remained stable. Significant incidence trend
differences between Ireland and Israeli Jews (P = 0.009) and between Israeli Jews and Arabs
(P = 0.004) were observed. The only significant trend difference for mortality was between
Israeli Jews and Arabs (P = 0.038). Incidence-to-mortality ratios showed stable trends in all
groups except for Israeli Jews (APC1994Y2013 = j1.0%, P G 0.05).
Conclusions: Time trends in ovarian cancer incidence (decreasing) and mortality (de-
creasing) were similar in Ireland, NI, and Israeli Jews, following global trends, with a more
prominent incidence decline in Israeli Jews. Decreasing mortality trends are driven by
falling incidence in the countries studied rather than improved survival.
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Ovarian cancer is diagnosed annually in nearly 250,000
women worldwide and is responsible for approximately

140,000 deaths.1 It is often referred to as the ‘‘silent killer’’
because of late symptomatic presentation. Based on Globocan
2012 estimates, Ireland ranked 14th (age-standardized rate
[ASR] = 11.2/100,000), and the United Kingdom including
Northern Ireland (NI) ranked 10th (ASR = 11.7/100,000)
globally with respect to ovarian cancer incidence. Israel ranked
lower, with an ASR of 7.3 per 100,000.2

Approximately 90% of ovarian tumors are epithelial in
origin. Germ cell tumors, more common among younger pa-
tients, account for approximately 2.5%.3,4 As the disease is
generally advanced when it is diagnosed, relative 5-year sur-
vival ranges from 30% to 50%.1,2 Population-based screening
has not as yet demonstrated a definitive mortality reduction,5

although the UK Collaborative Trial of Ovarian Cancer
Screening recently reported that annual multimodal screening
with serum CA-125 together with a risk-based algorithm
shows some promise.6

Risk factors/markers for the disease include advanced
age, certain genetic mutations (eg, BRCA genes), positive
family history of ovarian or breast cancer, reproductive
factors (early menarche, late menopause, older age at first
childbirth, infertility/nulliparity, no breastfeeding), never
use of oral contraceptives (OCs), use of hormonal therapy
(HT), and obesity.4 However, the disease etiology remains
largely unknown.

Comparative analysis of cancer incidence, mortality,
and time trends in populations that differ by exposures, life-
styles, and health care access may aid in understanding dis-
ease patterns. Ireland,7 NI,8 and Israel9 have different public
health systems with reasonable access to health care. The
populations in the 3 countries also differ by certain exposures,
lifestyles, and genetic predisposition. The setting of the 3
countries allows comparison between genetically homogenous
populations living in the same geographic location (Island of
Ireland), but under 2 different jurisdictions with differing
health systems (Republic of Ireland and United Kingdom) and
2 genetically different populations (Israeli Jews and Arabs) in
the same geographic location (the State of Israel), sharing a
universal health care system.

The aims of the current report were to compare trends in
ovarian cancer incidence and mortality in the period 1994Y2013
in Ireland, NI, and Israel and to suggest possible explanations
for any observed differences.

METHODS
This is a comparative study of longitudinal trends in

ovarian cancer incidence and mortality over a 20-year-period
in 3 countries.

Study Population
The total female population in Ireland, NI, and Israel

for the years 1994Y2013 served as the study population.
Populations by age group and year were obtained from the
Central Statistics Office (Ireland),10 Northern Ireland Statis-
tics and Research Agency,11 and Central Bureau of Statistics
(Israel).12

Study Variables
Age-standardized rates of ovarian cancer incidence and

mortality and incidence-to-mortality (I/M) ratios from 1994
through 2013 were calculated for each population, using the
European standard population distribution by 5-year age
groups, truncated at age 74 years and supplemented with an
age group of 75 years or older.13

Incidence Data
Incidence rates of invasive ovarian cancer (topographic

code C-56, behavior 3, third edition of the International
Classification of Diseases for Oncology) were obtained from
the respective national cancer registries.11,14,15 ‘‘Borderline’’
cystadenomas of the ovary were coded in the 3 registries as
being of uncertain behavior status using the third edition of
the International Classification of Diseases for Oncology and
were excluded from the current analysis.

All 3 cancer registriesVNational Cancer Registry
Ireland (established 1991), Northern Ireland Cancer Registry
(NICR) (established 1994), and Israel National Cancer
Registry (established 1960)Vare population-based registries,
collecting and classifying information on all cancer cases. The
completeness of the National Cancer Registry Ireland, NICR, and
Israel National Cancer Registry with respect to solid malignant
tumors is estimated as 95%, 98%, and 94%, respectively.11,14,15

Mortality Data
Numbers and rates of ovarian cancer deaths (C56 In-

ternational Classification of Diseases, 10th Revision) were
obtained from Central Statistics Office (Ireland) and Central
Bureau of Statistics (Israel). Both bodies code the main cause
of death as reported on the death certificate using the Inter-
national Classification of Diseases, 10th Revision (Interna-
in Ireland pre-2007). Data on NI ovarian cancer deaths were
obtained directly from NICR, which receives data from the
General Registrar’s Office.

The available Irish mortality data required age standardi-
zation, which was carried out using the direct standardization
method. Data for NI and for Israel were provided in age-
standardized format (using the same standard population). A
weightedmean was computed for age group 75 years or older
in NI based on the age distribution in the NI population
(75Y79 years: 2.8% of total population; 80Y84 years: 2.0%;
85Y89 years: 1.2%; Q90 years: 0.6%) to harmonize the age
group structure across the 3 data sets.

Incidence-to-Mortality Ratio
The I/M ratios were used as proxies for case-fatality

trends and were expressed per each calendric year.

Data Analysis
Numbers and ASRs are presented for ovarian cancer

incidence and mortality for the years 1994Y2013. Israeli data
are presented separately for Jews and Arabs.

Linear regression models were used to assess time trends
in annual rates for the period 1994Y2013 in each country and
within populations. The null hypothesis stated that the slope
of the regression line was not significantly different from
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0 (P G 0.05). Differences between populations (Ireland and
Israeli Jews, Ireland and NI, Israeli Jews and Arabs), deltas,
were computed and used as the dependent variable in the re-
gression model.

The Joinpoint software was used to appreciate time
trends in a structured manner; the program fits the simplest
linear model, that is, the lowest possible number of lines (0Y3)
that are connected together at the ‘‘joinpoints’’ that the data
allow. The program also tests which trends (between join-
points) are statistically significant. The software allowed the
calculation of mean annual percentage change (APC) of in-
cidence and mortality over time.16

Analyses were carried out using Excel for Windows
(Microsoft Excel for Mac 2011, version 14.1.0 (110310) or
Joinpoint software, as applicable.

RESULTS

Ovarian Cancer Incidence Trends,
1994Y2013

Ovarian cancer incidence trends, 1994Y2013, are shown
in Supplemental Appendix Table 1 (http://links.lww.com/IGC/
A528) and Figure 1.

Ovarian cancer mean incidence for 1994Y2003 in Ireland
was 328 cases per year (range, 262Y384 cases per year). Inci-
dence rates decreased over time, from 15.6 per 100,000 in 1994
to 13.7 per 100,000 in 2013 (Ptrend = 0.01). Joinpoint analysis
confirmed an estimated average APC of j0.75% (P = 0.01).

In NI, ovarian cancer mean incidence for 1994Y2003
was 179 cases per year (range, 142Y208 cases per year). Time

trends appeared to remain stable, with respect to incidence
rates: 16.7 per 100,000 in 1994, 18.3 per 100,000 in 2013
(Ptrend = 0.19). Joinpoint analysis showed that from 1994 to
1998 the trend nonsignificantly increased (APC = +6.4%, P =
0.09), whereas from 1998 to 2013 a significant decrease was
observed (APC = j1.5% (P = 0.005).

In Israeli Jewish women, ovarian cancer mean inci-
dence for 1994Y2003 was 324 cases per year (range, 286Y347
cases per year). A significant decrease in incidence rates was
evident over time: from 16.1 per 100,000 in 1994 to 10.4 per
100,000 in 2013 (Ptrend G 0.001), confirmed by Joinpoint
analysis (APC = j2.2%, P G 0.00001). In Israeli Arab
women, ovarian cancer mean incidence for 1994Y2003 was
considerably lower, 21 cases per year (range, 10Y35 cases per
year). The incidence rates did not substantially change over
time (Ptrend = 0.35), and the Joinpoint APC was +0.93 (P =
0.36).

Although a significant decreasing trend in ovarian
cancer incidence was noted for both Irish women and Israeli
Jewish women, the rate of decrease was lower in Ireland (P =
0.009). Trends did not substantially differ (P = 0.73) between
Ireland and NI, but differed significantly between Israeli Jews
and Arabs (P = 0.004).

Ovarian cancer incidence rates increased with age in
the 3 countries. In 2013, the highest age-specific incidence
rates were observed in the age group 75 years or older in
all except for Israeli Arab women, in whom the highest
rates were observed in 60- to 64-year-olds. Age-specific
rates were higher in Ireland and NI compared with Israel
(Jews and Arabs) within all age groups and especially at
older ages (Fig. 2).

FIGURE 1. Ovarian cancer incidence trends in women in Ireland, NI, and Israel (Jewish and Arab), 1994Y2013.
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Ovarian Cancer Mortality Trends,
1994Y2013

Ovarian cancer mortality trends, 1994Y2013, are shown
in Supplemental Appendix Table 2 (http://links.lww.com/
IGC/A528) and Figure 3.

Ovarian cancer mean mortality for the years 1994Y2013
in Ireland was 244 cases per year (range, 200Y286 cases
per year). Mortality rates decreased significantly over time

from 11.8 per 100,000 in 1994 to 10.2 per 100,000 in 2013
(Ptrend = 0.04). Joinpoint analysis confirmed an APC =
j0.67% (P = 0.038).

In NI, ovarian cancer mean mortality for the years
1994Y2013 was 112 cases per year (range, 89Y136 cases per
year). The overall time trend of mortality rates appeared stable:
9.5 per 100,000 in 1994 and 9.9 per 100,000 in 2013 (Ptrend =
0.45). However, Joinpoint analysis showed that between 1994
and 2005 the trend remained stable: APC = +1.8% (P = 0.077),

FIGURE 2. Ovarian cancer age-specific incidence rates in women in Ireland, NI, and Israel (Jewish and Arab), 2013.

FIGURE 3. Ovarian cancer mortality trends in women in Ireland, NI, and Israel (Jewish and Arab), 1994Y2013.
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whereas from 2005 to 2013 a significant decrease was ob-
served: APC = j3.8% (P = 0.024).

In Israeli Jewish women, ovarian cancer mean mortality
for the years 1994Y2013 was 226 cases per year (range,
161Y276 cases per year). A decrease in ovarian cancer mor-
tality rates over time was evident: from 10.8 per 100,000 in
1994 to 7.5 per 100,000 in 2013 (Ptrend = 0.001), and
Joinpoint analysis confirmed an APC of j1.2% (P = 0.003).
In Israeli Arabs, ovarian cancer mean mortality for the years
1994Y2013 was much lower, 11 cases per year (range, 4Y18
cases per year). Mortality rates showed that no substantial
changes were observed: 1.7 per 100,000 in 1994 and 3.3 per
100,000 in 2013 (Ptrend = 0.47), APC = +1.8% (P = 0.268).

Differences in time trends between Ireland and NI (P =
0.47) and between Ireland and Israeli Jews (P = 0.56) were not
observed. However, time trends of ovarian cancer mortality
differed significantly between Israeli Jewish and Arab women
(P = 0.04).

Ovarian cancer mortality rates increased with age and in
2013 were highest in women 75 years or older in all study
populations except for Israeli Arabs, where the highest rates
were observed in 70- to 74-year-olds. Mortality rates in Ireland
and NI were higher than rates in Israeli Jews in all age groups,
whereas rates for Israeli Arabs were the lowest (Fig. 4).

Ovarian Cancer I/M Ratio Time Trends,
1994Y2013

Ovarian cancer I/M ratio time trends, 1994Y2013, are
shown in Supplemental Appendix Table 3 (http://links.lww.
com/IGC/A528) and Figure 5.

Higher I/M ratio, as proxy for case fatality, indicates lower
case fatality. In Ireland, NI, and Israel (Jews) in the years 1994
to 2013, the ratio was generally low and usually higher in NI.

In Ireland, the I/M ratio did not substantially change
over time (1.32 in 1994 and 1.34 in 2013; Ptrend = 0.74),
confirmed by Joinpoint analysis (APC =j0.09%, P = 0.782).

Similarly, the I/M ratio did not change over time in NI
(1.76 in 1994 and 1.85 in 2013; Ptrend = 0.79), Joinpoint
analysis: APC = j0.14% (P = 0.783).

In Israeli Jews, the I/M ratio decreased over time (1.60
in 1994 and 1.39 in 2013; Ptrend = 0.008), APC =j1.0% (P =
0.005). Time trends for the I/M ratio in Israeli Arabs were
nonsignificant (Ptrend = 0.38), APC = j0.80% (P = 0.700).

DISCUSSION
We examined time trends over 20 years in ovarian

cancer incidence and mortality in 3 countries where incidence
and mortality rates in 1994 were similar. Thereafter, a sig-
nificant reduction in incidence and mortality was observed in
Ireland and in Israeli Jews, with similar trends occurring in NI
somewhat later. The annual changes (APCs) in disease inci-
dence were generally larger than for mortality. The Israeli
Arab population, with low baseline rates of ovarian cancer,
showed no changes over time.

The observed decrease in ovarian cancer incidence was
significantly more rapid in the Israeli Jewish population
compared with Ireland (P = 0.009), but mortality trends did
not differ between the 2 populations. Although differences in
incidence or mortality trends were not observed between
Ireland and NI, for Israeli Jews and Arabs significant dif-
ferences were noted. However, ovarian cancer I/M ratios
showed stable trends throughout the study period except in
Israeli Jews, in whom a significant decreasing trend was
observed (P G 0.05).

Incidence Trends
Decreasing trends in ovarian cancer incidence have

been observed in all continents.4,17,18 In some countries, the
trends were stable,19Y22 whereas in others they increased.23,24

The decreasing incidence trends in Ireland, NI (since 1998),
and Israeli Jews are in accordance with observations for other
high-background-incidence countries (eg, the United States).

FIGURE 4. Ovarian cancer age-specific mortality rates in women in Ireland, NI, and Israel (Jewish and Arab), 2013.
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Decreases in incidence may be the result of a change in
the structure of a population4; however, they most likely re-
flect changing patterns of certain exposures. Use of OCs,
pregnancy, and breastfeeding are all associated with reduced
risk of ovarian cancer, whereas use of HT and obesity are
considered risk factors for the disease.4

A recent study affirmed an increasing trend in OC
uptake among women aged 16 to 44 years in Ireland (27% in
2002, 38% in 2004, 43% in 2010), which is in accordance
with UK trends for women aged 16 to 49 years (44% in
2008Y2009, 47% in 2013Y2014).25 In Israel, 57% and 60% of
women aged 21 to 44 years reported ever using OCs in
2003Y2004 and in 2007Y2008, respectively.26

Birth rate (live births per 1000 population) differs be-
tween Ireland, NI, and Israel. Birth rate in Ireland decreased
from 21.8 in 1980 to 15.1 in 1990, stabilized at 14.5 in 2000,
and was 15.0 in 2013.7 In NI, the initially higher birth rate
decreased from 28.6 (1980) to 26.2 (1990) and 21.5 (2000)
and rose to 24.3 in 2013.11 Among Israeli Jews, birth rates
have remained stable: 21.8 in 1980, 18.7 in 1990, 18.7 in
2000, and 20.7 in 2013. Among Israeli Arabs, however, birth
rates have historically been substantially higher than in the
Jewish population but have decreased over time: 37.2 in 1980,
34.9 in 1990, 35.0 in 2000, and 23.5 in 2013.12

Rates of breastfeeding also differ substantially across
study populations. Breastfeeding initiation was reported by
38% of the mothers in Ireland in 199327 and by 56% in
2013.28 In NI, the reported rate of breastfeeding initiation was
approximately 45% in 1995 and 64% in 2010.29 In Israel,
77% and 83% of Jewish and Arab mothers, respectively,

initiated breastfeeding in 2009Y2010, similar to rates reported
a decadeearlier.30Exclusivebreastfeeding ratesat age6months, as
recommended by the World Health Organization, were
0.7% in Ireland in 201531 and 1% in the United Kingdom in
2010.32 In Israel, rates were 11% in 1998Y1999 and 22.5%
and 12.3% in Jewish and Arab mothers, respectively, in
2009Y2010.30

Use of HT in Ireland based on prescription data sig-
nificantly decreased, from 19.7% in 2001 to 12.3% in 2004,33

following the publication of findings indicating a higher risk
of breast cancer associated with HTuse.34,35 In NI/the United
Kingdom, where HT is essentially free of charge, the pro-
portion of women 40 years or older using HT increased
substantially, from 8% in 1991 to 14% in 1996, stabilized at
approximately 15% by 2001, but more than halved by 2005
(7%).36 In Israel, 9.9% (11.7% among Jews and 2.9% among
Arabs) of women 50 years or older reported HT use in 2003,
lower than the 16.8% reported in 1998.37 Likewise, estrogen
product purchases among Israeli women 45 years or older
showed a marked decrease from 20% in 2001 to 10% in 2007
(P G 0.001).38

Time trends for obesity (defined as body mass index
Q30.0 kg/m2) show increases in the 3 countries, but with
different background rates. Ireland experienced a substantial
increase in obesity (based on self-report): from 13% of adult
women in 2007 to 22% in 2015.39,40 In NI, measured obesity
rates in adults also increased with time, from less than 10%
in women aged 16 to 64 years in 199241 to 22% in 2013.42

Corresponding rates in Israel were 13% in 2000 and 16%
in 2013.43

FIGURE 5. Ovarian cancer I/M ratio in women in Ireland, NI, and Israel (Jewish and Arab), 1994Y2013.

Keinan-Boker et al International Journal of Gynecological Cancer & Volume 00, Number 00, Month 2017

6 * 2017 IGCS and ESGO



Genetic factors such as BRCA1/2mutations increase the
risk of ovarian cancer (especially BRCA2). The population of
Ireland and NI is considered to be genetically homogenous. A
report on 2 specific BRCAmutations, particularly common in
Scotland and NI, showed that they account for a quarter of all
mutations in these populations, suggesting that one of the
founder mutations is likely to have originated in West-Central
Scotland or Ireland.44 However, the researchers were unable
to assess the prevalence of BRCA mutations in the general
population.44 In Israel, 3 common BRCA mutations are
present in up to 2.5% of Ashkenazi Jewish women,45 an
ethnic group accounting for up to a third of the Jewish
population in 2014. Whereas in other countries it is often
estimated that 5% to 15% of invasive ovarian cancer is at-
tributed to genetic mutations,46 in Israeli Jews this estimate is
approximately 30%.47 Recently, population-based screening
for BRCA mutations in Ashkenazi Jewish women has been
proposed in Israel instead of family historyYbased case find-
ing.48 Thus, increased genetic testing in Israel may have im-
pacted ovarian cancer incidence, as BRCA mutation carriers
are often advised to undergo prophylactic oophorectomy as
soon as they completed their planned childbearing.

Sopik et al4,49 suggested that the decline in ovarian
cancer incidence seen in the United States in recent decades
might largely be a consequence of the introduction of OCs in
the 1960s and expansion of their use (from 0% to 85%) during
1960Y1990.4,48 Ireland, NI, and Israeli Jews experienced
comparable trends in OC use, but differed with respect to
other protective factors (eg, fertility and breastfeeding rates)
and risk factors (eg, obesity prevalence, genetic factors). As
incidence trends in Ireland and NI, countries with genetically
similar populations and separate health care systems did not
differ, whereas in Israel trends significantly differed50 be-
tween Jews and Arabs, 2 distinctive population groups51Y53

who share the same health care system, genetic factors and
individual exposures are apparently the main drivers of the
observed differences, not health care parameters.

Mortality Trends
Mortality from ovarian cancer is documented as higher

in Europe than East Asia countries53 with trends increasing in
few countries.23,54,55 In most other countries, mortality rates
are decreasing4,18,19,56 or stable.17,23,54 The current study
showed significantly decreasing mortality trends during the
period 1994Y2013 in Ireland, NI (since 2005), and Israeli
Jews, which are consistent with the observations for other
high-background-mortality countries (ie, the United States,
for the period 1975Y2011).

Decline in cancer mortality may be attributed to de-
creased incidence and/or improved survival, which in itself
may result from earlier detection and better treatment.4 In the
case of Ireland, NI, and Israel, decreased ovarian cancer in-
cidence is likely to be the main driver of decreasing mortality,
with improved case fatality unlikely to be a significant factor.
In the United States, the majority of ovarian cancer cases are
diagnosed at an advanced stage, and the distribution of stage
at diagnosis has not changed in parallel with the reported de-
crease in mortality.4 Furthermore, treatment protocols are based
on international guidelines57 and are likely to be relatively

uniform in the 3 countries. Our proxy for case fatality, the I/M
ratio, was stable during the study period for all study groups,
with the exception of Israeli Jews, in whom increased case
fatality was implied. However, this finding may reflect a more
rapid incidence decline compared with mortality decline
(respective APCs of j2.2% and j1.2%). Five-year net sur-
vival rates for the 3 countries studied, as measured by the
CONCORD-2 project in 67 countries, were generally low: for
the periods 1995Y1999, 2000Y2004, and 2005Y2009, survival
was, respectively, 28.1%, 29.6%, and 32.2% in Ireland;
39.5%, 36.7%, and 37.1% in NI; and 38.9%, 40.5%, and
42.0% in Israel.58

As was observed for incidence trends, no differences in
mortality were noted between Ireland andNI,whereas trends for
Israeli Jews and Arabs differed significantly. The current evi-
dence suggests that the trend of decreased mortality in ovarian
cancer is mostly driven by the decline in incidence. In Israeli
Arabs, no change in incidence or mortality was observed.

Study Strengths and Limitations
The advantage of the current study is the use of sys-

tematically collected, validated population-based national
data for cancer incidence and mortality. However, the study is
ecological in nature and does not permit causal inference,
although it may be helpful in hypothesis generating. In ad-
dition, annual numbers of ovarian cancer cases and deaths
were low among the Israeli Arab population, but the study was
sufficiently powered to demonstrate that there were, in fact,
significant differences in both incidence and mortality trends
between Israeli Arab and Israeli Jewish women.

CONCLUSIONS
Declining trends of ovarian cancer incidence in Ireland,

NI, and Israeli Jews are similar, with change rate greater in
Israel. These trends likely reflect changing exposures to
certain protective (birth rate, breastfeeding, risk reduction
procedures) and risk factors (obesity prevalence), as well as
differing genetic susceptibility. Ovarian cancer mortality
trends in Ireland, NI, and Israeli Jews are quite comparable
and mostly reflect the observed incidence decline. In contrast,
Israeli Arab women, whose incidence and mortality rates are
much lower compared with Israeli Jewish women, showed no
evidence of decreases in incidence or mortality trends.
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