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Second Primary Cancers After Primary
Breast Cancer Diagnosis in Israeli
Women, 1992 to 2006

abstract

Purpose Improvements in early detection and treatment have resulted in improved long-term survival from
breast cancer, which increases the likelihood of the occurrence of second primary cancers.Wecalculated
the risk of second primary cancers among Israeli women receiving a first primary breast cancer diagnosis.

Methods By using data from the Israel National Cancer Registry, we identified 46,090womenwith invasive
breast cancer diagnosed between 1990 and 2006 and non–breast primary cancers diagnosed subsequent
to breast cancer diagnosis.We used life table analysis to calculate the risk of a second primary cancer and
calculatedstandardized incidence ratios (SIRs) byusingage-specific cancer risk in thegeneral population
of Israeli women as the standard and stratifying by diagnosis period (1992 to 1996, 1997 to 2001, 2002 to
2006) and age at diagnosis (< 50 and ‡ 50 years).

Results Theprobability of a secondmalignancywas3.6%within5 years, 8.2%within10years, and13.9%
within 15 years. The SIR for any second non–breast primary cancer was 1.26 (95% CI, 1.23 to 1.30).
Significantly increased risks of colorectal, uterine, lung, ovarian, and thyroid cancer and leukemia were
observed for the full follow-up period, which persisted after excluding the first 6 months after index di-
agnosis, although increased leukemia and colorectal cancer risks were no longer statistically significant.
Women younger than age 50 years at initial diagnosis had a greater excess risk than women age 50 years
and older (SIR, 1.77 [95% CI, 1.63 to 1.91] and 1.20 [95% CI, 1.15 to 1.24], respectively).

Conclusion The findings likely reflect a combination of personal risk factors (genetics, hormonal therapy,
environmental exposures) as well as the effects of the initial cancer treatment and are unlikely to be
explained by enhanced surveillance alone.
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INTRODUCTION

Breast cancer is the most frequently diagnosed
cancer in Israeli women and constitutes approx-
imately one third of all newly diagnosed tumors in
both Jewish and Arab women every year. Improve-
ments in early detection and treatment have
resulted in increased long-term survival of breast
cancer, which increases the likelihood of the oc-
currence of second primary cancers. Estimates
from population-based studies of the increased
risk of a second non–breast primary cancer
after a breast cancer diagnosis range from 1%
to 40%.1-14 Primary cancer diagnoses for which
a significantly increased risk has been observed
in women with a history of breast cancer include
endometrial,1,2,6,9,11-14ovarian,6,9,11-13andcolon4-6,14

as well as sites associated with previous radio-
therapy.4,9 In most studies, women given a di-
agnosis of first primary breast cancer before the
age of 50 years had a greater excess risk of a

second primary cancer than those given a di-
agnosis at age 50 and older.1-6,8,11,13,14 The
identification of factors associated with subse-
quent cancer diagnoses in women with breast
cancer can guide long-term follow-up and screening
of these patients. The aim of the current study was to
characterize the factors associated with subsequent
diagnoses of any type of cancer in a cohort of Israeli
women who received a diagnosis of breast cancer
from 1992 to 2006.

METHODS

The Israel National Cancer Registry (INCR) was
founded in 1960. Cancer reporting by hospitals,
pathology and cytology laboratories, and other
health care providers has been mandatory since
1982. The INCR covers the entire Israeli popula-
tion (approximately 8 million), of which the ethnic
distribution is as follows: 75% Jewish, 20% Arab,
and 5% other ethnic groups. The following groups
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of diagnoses are recorded in the registry: all ma-
lignant neoplasms, excluding basal cell and squa-
mouscell carcinomaof the skin; carcinoma in situ/
high-grade (grade 3) intraepithelial neoplasias;
and benign neoplasms of the brain and nervous
system

The registry currently includes information on
approximately800,000people; 30,000newcases
are entered per year. Sources of information in-
clude pathology reports, hospital discharge sum-
maries, death certificates, and patient listings
from cancer centers. Registry staff review all doc-
uments submitted to the registry and assign site
and morphology codes according to the Inter-
national Classification of Diseases for Oncology,
Third Edition.15 Completeness of ascertainment
has been estimated at 94% for solid tumors.16

Stage of disease at the time of diagnosis is de-
termined on the basis of criteria established by the
Middle East Cancer Consortium, of which INCR
is a member.17 Middle East Cancer Consortium
staging is primarily based on the criteria of the
SEER Summary Staging Manual–2000.18 Demo-
graphic data and information on vital status are
derived from theCentral PopulationRegistry of the
Ministry of the Interior and updated at least an-
nually. For purposes of disease surveillance, the
Israeli population is divided, on the basis of data
from the Ministry of Interior, into three ethnic sub-
populations: Jewish, Arab, and other. Because
previous work has shown that age-standardized
cancer incidence in the Arab subpopulation is
considerably lower than that in the Jewish or other
subpopulations, we aggregated the Jewish and
other subjects into a single group for the purpose
of analysis.

The study cohort consisted of womenwhomet the
following criteria: diagnosed with invasive cancer
of the breast (International Classification of Dis-
eases for Oncology topography codes 50.0 to
50.9) between 1990 and 2006, excluding breast
lymphomas; and no cancer diagnosis recorded
before the date of breast cancer diagnosis

For all thewomen in the study cohort, we identified
all cancers diagnosed at another site after the date
of the first breast cancer diagnosis. We did not
consider subsequent breast cancer diagnoses as
second primary cancers for the purpose of this
study. We considered two follow-up periods. The
first period was calculated from the date of breast
cancer diagnosis through the end of the observa-
tion period (defined as the earliest of the following:
date of the first subsequent non–breast cancer
diagnosis; date of death; or December 31, 2011).

The second follow-up time was calculated from
6monthsafter the initial diagnosis through theend
of the observation period. Subjects withmore than
one cancer during the follow-up period were cen-
sored after the first subsequent cancer diagnosis.
To allow for examination of the effects of changes
in treatment strategies over time, we divided the
cohort into three groups according to year of di-
agnosis: 1992 to 1996, 1997 to 2001, and2002 to
2006.

Crude incidence of subsequent cancers (overall
and for selected sites) was calculated as the
number of cases per 1,000 person-years of
follow-up from time 0 (diagnosis of first primary
invasive breast cancer) and from 6 months after
time 0. Cumulative rates of second primary can-
cers within 5 years of breast cancer diagnosis, by
period of diagnosis and age at diagnosis, were
calculated by life table analysis. Expected num-
bers of cancer cases (overall and for selected sites)
were calculated by using age-specific incidence
data for Jewish Israeli women derived from the
INCR database. Standardized incidence ratios
(SIRs) were calculated as the ratio of observed
to expected cases for several follow-up times (1, 5,
10, and 15 years). We based the expected num-
ber of cases on the rates in the Jewish population
for two reasons: The majority of the women in
the study population were Jewish, and the can-
cer rates are considerably higher in Jewish than
in Arab women. Therefore, use of these rates
resulted in a more-conservative estimate of the
risk of second primary cancers in a population of
women with breast cancer. Ninety-five percent
CIs were calculated for SIRs that assumed a
Poisson distribution. All data analyses were per-
formed with SAS version 9.12 software (SAS In-
stitute, Cary, NC).

RESULTS

A total of 46,090 Israeli women with no previous
cancer history were given a diagnosis of invasive
breast cancer between 1990 and 2006 (42,355
Jewish; 2,296 Arab; 1,439 other ethnicity). Over-
all, 92% of cases were diagnosed in Jewish
women, although the proportion of cases occur-
ring in women in the Arab and other population
groups increased with year of diagnosis (Table 1).

Of women with breast cancer between 1992 and
2006, 3,980 (8.6%) were given a diagnosis of a
second non–breast primary cancer during the
follow-up period. Ninety-five percent of these
cases (3,773) were among Jewish women, 3%
among Arab women, and 2% among women of
other ethnic backgrounds (Table 2).When the first
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6 months after breast cancer diagnosis were ex-
cluded from the follow-up period, 3,619 second
non–breast primarycancerswere identified,witha
distribution of ethnic backgrounds almost identi-
cal to that of cases identified during the full follow-
upperiod. Twenty-fivepercent of indexcaseswere
diagnosed inwomenyounger thanage50years; of
these women, 5.7% experienced a second non–
breast primary cancer compared with 12.1% of
those age 50 years and older at the time of the
index diagnosis. Crude incidence of second non–
breast primary cancers in this populationwas10.6
per1,000person-years for the full follow-upperiod
and10.3per1,000person-years for the shortened
follow-up period.

The relatively small number of second primary
cancers in the Arab population precluded strati-
fication by age-group and cancer type. Therefore,
all subsequent analyses, including calculation of
SIR overall and for specific cancer types, focused
on the Jewish and other subpopulations (43,794
women; 3,866 second non–breast primary can-
cers). This group contributed 363,333 person-
years of follow-up beginning on the date of breast
cancerdiagnosis and343,462person-yearswhen
follow-upwasassumed tobegin6monthsafter the
breast cancer diagnosis.Mean available follow-up
timeper patient was8.3 years (1992 to 1996, 10.6
years; 1997 to 2001, 8.9 years; 2002 to 2006, 6.1
years).

The most commonly diagnosed second primary
cancers were colorectal, uterine, lung, ovarian,
non-Hodgkin lymphoma, brain, malignant mela-
noma, thyroid, and leukemia (Table 3). During the

more-conservative follow-up period, the most
commonly occurringcancer typeswereconsistent
with those observed for the longer follow-up period
but at slightly lower crude rates.

TheSIR for a secondnon–breastprimarycancer in
women with a previous breast cancer diagnosis
was 1.26 (95%CI, 1.23 to 1.30). The correspond-
ing SIR for follow-up that commenced at 6months
after breast cancer diagnosis was 1.21 (95% CI,
1.16 to 1.25). Significantly increased risks of co-
lorectal, uterine, lung, ovarian, and thyroid cancer
and leukemia were observed for the full follow-up
period.Whenfollow-upexcludedthe first6months
after breast cancer diagnosis, the increased risk of
these cancers persisted, although for colorectal
cancer and leukemia, this finding was no longer
statistically significant (Table 4).

Stratification by age at diagnosis demonstrated
greater excess risk for a second cancer among
women given a diagnosis of breast cancer before
age 50 years than in those age 50 years and older.
Both groups, however, had a risk that was signif-
icantly higher than that for the general population
of women the same age (SIR, 1.77 [95% CI,
1.63 to 1.91] and 1.20 [95% CI, 1.15 to 1.24],
respectively).

Life table analysis indicated a cumulative proba-
bility of a second malignancy of 4.4% within 5
years, 9.3%within 10 years, and 15.3%within 15
years of the first breast cancer diagnosis. Proba-
bility of a second malignancy within 5 years of
initial diagnosis did not vary significantly with
period of first breast cancer diagnosis (1992 to
1996, 1997 to 2001, or 2002 to 2006); the num-
ber of patients remaining for analysis at 10 years
for the group diagnosed between 2002 and 2006
was insufficient to allow for a comparison among
all periods (Table 5). Women who were younger
than 50 years of age at the time of index breast
cancer diagnosis were less likely to receive a di-
agnosis of a secondcancerwithin5 years of follow-
up than women age 50 and older at the time of
index breast cancer diagnosis. The number of
patients younger than age 50 years at that time
of diagnosis who remained for analysis at 10 years
was insufficient to allow for between-age compar-
ison at that point in follow-up (Table 6).

DISCUSSION

In a cohort of women with a first primary breast
cancer diagnosed between 1992 and 2006, we
observed a 25% increased risk of second non–
breast cancers during follow-up compared with
the risk in the general population, adjusted for age.

Table 1. Distribution of Breast Cancer Cases in Israeli Women by Period of Diagnosis and
Population Group, 1992 to 2006

1992-1996 1997-2001 2002-2006 Total

Population Group No. % No. % No. % No. %

Jewish 12,018 94.4 14,972 92.1 15,365 89.8 42,355 91.9

Arab 463 3.6 768 4.7 1,065 6.2 2,296 5.0

Other 247 1.9 514 3.2 678 4.0 1,439 3.1

Total 12,728 100.0 16,254 100.0 17,108 100.0 46,090 100.0

Table 2. Distribution of Second Non–Breast Primary Cancer Cases in Israeli Women by
Period of Diagnosis and Population Group, 1992 to 2011

1992-1996 1997-2001 2002-2006 Total

Population Group No. % No. % No. % No. %

Jewish 1,385 96.2 1,455 94.5 933 93.1 3,773 94.8

Arab 31 2.2 48 3.1 35 3.5 114 2.9

Other 23 1.6 36 2.3 34 3.4 93 2.3

Total 1,439 100.0 1,539 100.0 1,002 100.0 3,980 100.0
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Overall, the cumulative risk of a second non–
breast primary cancer was 4.4% after 5 years of
follow-up and 9.3% after 10 years.

A recent meta-analysis of 15 population- and
hospital-based studies from Europe, Asia, and
North America resulted in a pooled estimate of
the increased risk of second cancers among pa-
tients with breast cancer of 1.17 (95% CI, 1.10 to
1.25) and found that the excess risk of a second
primary cancer after breast cancer decreases with
age at diagnosis of the index cancer (women age
, 50 years: SIR, 1.51; 95% CI, 1.35 to 1.70; women
age > 50 years: SIR, 1.11; 95% CI, 1.02 to
1.21).19 Our estimate of the overall risk of a second
cancer among patients with breast cancer is con-
sistent with that analysis. As in previous studies, we
found that although all women with breast cancer
experience an increased risk of second primary
cancer, younger women have a greater excess risk
for a second primary cancer than the general
population of women of the same age. As has been
reported in other studies,1-14 themost pronounced
excess risks in thecurrent studypopulationwere for
cancers of the uterus, ovary, and thyroid.

Several potential explanations exist for an in-
creased risk of subsequent cancers in breast
cancer survivors, including the effects of radio-
therapy and hormone therapy, environmental

factors, health behaviors, and genetics.2 Hor-
monal and radiation treatment of cancer carry an
increased risk for the development of cancer.
Duration of use of tamoxifen (but not the daily
dose) has been associated with an increased risk
of uterine cancer.2,20 Cancers most likely to be
related to radiotherapy for breast cancer include
leukemia and cancers of organs close to the
breast, such as esophagus, lung and pleura, thy-
roid gland, stomach, and soft tissue sarcomas of
thorax and upper limb.2,3

Women treated with radiation after mastectomy
have been shown to have an increased risk for
lung cancer, although radiation after lumpec-
tomy does not carry this risk.21 Both radiation
treatment and chemotherapy are associated
with an increased risk of leukemia in patients with
breast cancer22; the risk of leukemia in this pop-
ulation has been shown to increase with the in-
tensity of treatment.23 SEER data indicate that the
increased risk of a subsequent cancer associated
with chemotherapy and radiation therapy is most
pronounced in children and young adults and is
not seen in older adults.6 This finding is consis-
tent with the bulk of the literature that indicates
that the excess risk of second primary cancers
after breast cancer is most pronounced among
younger women.

Table 3. Most CommonlyOccurringSecondNon–Breast Primary CancerCases in Israeli*WomenbyFollow-upPeriodAfter IndexBreast CancerDiagnosis,
1992 to 2006

Follow-up From Date of Breast Cancer Diagnosis Follow-up From Date of Breast Cancer Diagnosis Plus 6 Months

Cancer Type No. of Cases

Crude Rate/

1,000 Person-Years Cancer Type No. of cases

Crude Rate/

1,000 Person-Years

Colon 530 1.5 Colon 485 1.4

Uterus 511 1.4 Uterus 481 1.4

Lung 282 0.8 Lung 261 0.8

Ovary 224 0.6 Ovary 192 0.6

Non-Hodgkin lymphoma 220 0.6 Non-Hodgkin lymphoma 188 0.5

Rectum 180 0.5 Rectum 168 0.5

Brain 179 0.5 Brain 161 0.5

Melanoma, invasive 173 0.5 Melanoma, invasive 159 0.5

Thyroid 155 0.4 Thyroid 141 0.4

Leukemia 130 0.4 Pancreas 123 0.4

Stomach 139 0.4 Stomach 118 0.3

Kidney 134 0.4 Leukemia 114 0.3

Pancreas 134 0.4 Bladder 114 0.3

Bladder 129 0.3 Kidney 112 0.3

Melanoma, in situ 62 0.2 Melanoma, in situ 60 0.2

Multiple myeloma 61 0.2 Multiple myeloma 56 0.2

*Jewish and other population groups.
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Another possible explanation for the increase in
diagnoses of subsequent cancers inwomenwith a
history of breast cancer is that these women are
under more intensive surveillance after treatment
and therefore have a higher likelihood of sub-
clinical lesions being detected. Sadetzki et al24

reported an increased risk of thyroid cancers in
Israeli women previously treated for breast cancer
and concluded that enhanced surveillance, com-
mon risk factors, and genetic predisposition were
the likely causes for this finding. Mellemkjær et al3

reached a similar conclusion that although pa-
tients with breast cancer had an increased risk for
subsequent thyroid cancer, this risk did not in-
crease with latency and was accompanied by an
increased risk of breast cancer occurring after
thyroid cancer. Van Fossen et al25 noted a bi-
directional association between breast and thyroid
cancer, which suggests the existence of common
risk factors for the two illnesses. We found that the
exclusion of the first 6 months after breast cancer
diagnosis from follow-up had little effect on the risk
of subsequent thyroid cancer, which suggests that
an increase in diagnoses of existing thyroid tumors

Table 4. SIRs for Second Non–Breast Primary Cancers Overall and by Type Among Israeli* Women With Primary Breast
Cancer Diagnosed Between 1992 and 2006

Diagnosis No. Observed No. Expected SIR 95% CI

Follow-up from date of breast cancer
diagnosis

All cancers 3,866 3,071 1.26 1.22 to 1.30

Colorectal 710 634 1.12 1.04 to 1.20

Uterus 511 203 2.58 2.30 to 2.72

Lung 282 232 1.22 1.08 to 1.35

Ovary 224 124 1.80 1.59 to 2.02

Non-Hodgkin lymphoma 218 193 1.13 0.98 to 1.28

Brain 179 166 1.08 0.92 to 1.24

Melanoma, invasive 173 120 1.44 1.23 to 1.66

Thyroid 155 102 1.58 1.29 to 1.74

Leukemia 130 104 1.31 1.05 to 1.45

Uterine cervix 85 81 1.03 0.84 to 1.27

Follow-up from 6months after date of breast
cancer diagnosis

All cancers 3,534 2,927 1.21 1.17 to 1.25

Colorectal 653 606 1.08 0.99 to 1.16

Uterus 481 194 2.48 2.26 to 2.71

Lung 261 221 1.18 1.03 to 1.33

Ovary 192 118 1.63 1.38 to 1.88

Non-Hodgkin lymphoma 188 184 1.02 0.88 to 1.17

Brain 161 158 1.02 0.86 to 1.18

Melanoma, invasive 159 114 1.40 1.18 to 1.61

Thyroid 141 99 1.46 1.20 to 1.71

Leukemia 114 102 1.15 0.92 to 1.37

Uterine cervix 78 80 1.03 0.79 to 1.27

Abbreviation: SIR, standardized incidence ratio.
*Jewish and other population groups. Boldface indicates a 95% CI for the SIR that does not include 1.0 and is therefore considered to be
indicative of significantly increased risk.

Table5. LifeTableAnalysis:CumulativeRateofSecondNon–BreastPrimaryCancerAmong
Israeli* Women With Breast Cancer by Period of Diagnosis

Period of Diagnosis

Cumulative Risk

by 5 Years, % 95% CI

Cumulative Risk

by 10 Years, % 95% CI

1992-1996 4.7 4.3 to 5.1 9.0 8.4 to 9.6

1997-2001 4.2 3.9 to 4.6 9.2 8.7 to 9.7

2002-2006 4.3 4.0 to 4.6 † †

*Jewish and other population groups.
†Fewer than 30 patients remaining for analysis at this point in follow-up.
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at the time of breast cancer diagnosis is insufficient
to explain the increased risk observed.

We used data from a large population-based na-
tional cancer registry to estimate the risk of second
primary cancers a cohort of 46,090 Israeli women
with a first diagnosis of breast cancer. The use of
data from a well-established cancer registry for
observational epidemiology research offers cer-
tain strengths. The INCR receives reports of can-
cer cases from all Israeli hospitals and pathology
laboratories, thus the likelihood that cases of
breast cancer and subsequent cancersdiagnosed
during the period of the study were excluded from
the study cohort is minimal. All cases are reported
by using a unique national identifier that allows for
elimination of duplicate cases reported to the reg-
istry from different facilities. We focused on cases
diagnosed between 1992 and 2006 to allow for an
average follow-up time of 8.3 years. Population data
available from the Israel Bureau of Statistics allowed
us to calculated expected cancer rates in the gen-
eral population for the purpose of calculating SIRs.
Vital status information in the registry is supple-
mented with Israel Bureau of Statistics data to allow
the censoring of patients who died during the follow-
up period.

The INCR receives a limited amount of clinical data
for patients with cancer. For this reason, we were
unable to study the association of various types of

breast cancer treatment on the occurrence of
second cancers. No information on family history,
personal risk factors (obesity, diet, or other health
behaviors), or genetic testing is available for the
patients in the cancer registry; therefore, these
factors could not be taken into consideration in
estimating second cancer risk. Genetic predispo-
sition to cancer is an important consideration in
the Israeli population. Between 2.0% and 2.5% of
Ashkenazi Jewish women carry one or more of
the foundingmutations in theBRCA1 andBRCA2
genes.26 The cumulative risk at age 70 years of
breast cancer in Ashkenazi women who are car-
riers of the BRCA1 and BRCA2 mutations has
been estimated at 46% and 26%, respectively.27

Because mutations of the BRCA1 or BRCA2 genes
contribute to an increased risk for cancers in other
sites, such as the ovaries, cervix, uterus, pancreas,
and colon, their high prevalence in the Israeli female
population may limit the generalizability of the cur-
rent data to populations with a low prevalence of
BRCA1/2 mutations.

Over the past 20 years, survival after breast cancer
diagnosis has improved throughout the developed
world, including Israel.28 With prolonged survival,
however, comes an increased likelihood that pa-
tients treated for breast cancer in the past will be
receive a diagnosis of additional primary cancers
as a result of underlying genetic and other risk
factors related to the primary breast cancer and to
treatment of the original illness. Breast cancer sur-
vivors tend to be more intensive users of medical
services than other women their age.29 Specialist
and primary care providersmust take advantage of
this continued contact to educate patients about
their risk for second cancers and implement ap-
propriate preventive and screening procedures
tailored to their patients’ individual risks.
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Age at Diagnosis

Cumulative Risk

by 5 Years, % 95% CI

Cumulative Risk

by 10 Years, % 95% CI

, 50 years 2.2 1.9 to 2.5 † †

> 50 years 5.1 4.8 to 5.3 10.9 10.4 to 11.3

*Jewish and other population groups.
†Fewer than 30 patients remaining for analysis at this point in follow-up.
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