ONCOLOGY LETTERS 2: 963-973, 2011

Risk of second cancer after initial treatment of breast
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Abstract. In the present study, the association between the
incidence of second cancer and initial treatment for primary
breast cancer was investigated using the Osaka Cancer
Registry in Japan. We selected 45,575 patients diagnosed with
breast cancer between January 1975 and December 2003.
Information on initial cancer treatment and second cancer
was obtained from the Osaka Cancer Registry. Patients were
classified according to initial treatment (chemo-, hormone, or
radiotherapy, or no treatment). We calculated the incidence
rate ratio of second cancers in patients classified by treat-
ment for the first cancer. The effects of treatment adjusted
for covariates on second cancers were examined using
stratified analyses and a Cox proportional hazard model.
The final number of 33,043 subjects had a mean duration
of follow-up of 5.2+4.3 years, during which 1,857 second
cancers were diagnosed. For hormone therapy, the incidence
rate ratio (IRR) of all second cancers was 0.64 [95% confi-
dence interval (CI), 0.58-0.70], and that of corpus uteri cancer
was 3.04 (95% CI, 1.78-5.19). The multivariate analysis
revealed that the IRR of corpus uteri cancer associated with
hormone therapy was 2.53 (95% CI, 1.41-4.55). The incidence
rate of all second cancers associated with initial treatment was
lower than that associated with no treatment. Only second
corpus uteri cancer may be related to hormone therapy.

Introduction

In Japanese women, the incidence of primary breast cancer,
the most common cancer in women, is highest in those aged 40
to 50 years (1). The majority of patients undergo surgical
resection, chemotherapy or radiotherapy. Although improve-
ments in diagnostic and treatment techniques have increased
the ratio of Japanese women surviving breast cancer (2), many
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patients are at risk of developing second cancers. The acute
side effects of various therapies have been well defined, but
the subsequent complications of these therapies, including the
development of second cancers, are less well known.

Second primary cancers are associated not only with the
effects of cancer treatment but also with the effects of etio-
logical factors common to first and second cancers, such as
smoking, alcohol use and diet, as well as genetic, hormonal
and environmental factors (3.4). Risk is also likely associated
with genetic variation. Cancer patients may also experience
various chemotherapy- or radiation-induced DNA double
strand break-related gene translocations and genomic
instability conferred by the loss of DNA repair (5-7). These
mechanisms have been reported to play a role in the possible
development of second cancers. With regard to chemotherapy,
a number of reports suggested an association between second
cancers and agents such as cisplatin, topoisomerase inhibitors
and methylating agents. Tamoxifen citrate is often adminis-
tered as hormone therapy in breast cancer patients However,
various studies have revealed that tamoxifen causes endome-
trial cancer (8-11).

Concerning the time of occurrence of second cancers, data
from patients treated for Hodgkin's lymphoma revealed that
risk was generally highest at 15-20 years after radiotherapy,
and decreased only slightly following this period of time (12).
In contrast, the risk of developing acute myeloid lymphoma
(AML) was highest considerably earlier, at 2-7 years after
chemotherapy, and decreased after this period of time (13).
Given that the complications of cancer treatment are rare and
delayed, the tracing and studying of second cancers would be
facilitated by a large, long-term database.

Data pertaining to the risk of second cancers after breast
cancer from European and US cancer registries have been
published (14-16). The most common second cancer identified
was endometrial cancer. However, a wide variety of other sites
were identified, including the ovary, thyroid gland, lung and
blood/bone marrow.

Results for cancer registry studies on second cancer
in Japan have been ambiguous. In their study, Murakami
and colleagues reported that common second cancer sites
were the stomach, colon and thyroid gland (17). However,
this study was published in 1987, prior to the approval of
tamoxifen citrate in Japan. Using cancer registry data from
a hospital in Osaka, Tanaka and colleagues reported that the
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Osaka Cancer Registry data
1975-2003
45,575 patients

40,494 patients
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<Exelusion eriteria> Number of patients

*Men 252
+Age at diagnosis =20 or =75 years 4,089
*Unknown date of birth 30
*Year of diagnosis = 1975 145
*Recurrent breast cancer 1,028

3 There is some overlap between patient groups

:

Data on initial treatment
36,172 patients
1

|

¥

No data on initial treatment
4.322 patients

’

Information on initial treatment
33,940 patients

!

Unknown initial treatment
2,232 patients

<Number of study subjects™

33,045 patients {first primary breast cancer = 33,045, second cancer = 1,859)

‘ Hormone therapy = 16, 314 vs. no hormone therapy = 16,731

| Chemotherapy = 20,397 vs. no chemotherapy = 12,648 |

| Radiotherapy = 9,067 patients vs. no radiotherapy = 23,978 ‘

<Follow-up unknown= MNumber of paticnts
Survival information not known
for 10 year 30
Same date of diagnosis
of primary breast cancer and death 600
Same date of diagnosis of’
first and second primary cancers 83
=3 months between diagnoses of first
and second primary cancers 101
# There is some overlap between patient groups

Figure 1. Flow chart showing selection of study subjects.

most common sites of second cancer after breast cancer were
the ovary, thyroid gland and lymphocytes (non-Hodgkin’s
lymphoma) (18). However, this study analyzed data from only
one hospital. Moreover, findings of previous studies using the
Osaka Cancer Registry database showed no increase in the
risk of second corpus uteri cancer after hormonal treatment of
primary breast cancer. Etiological factors in Japan differ from
those in Europe and the United States, and long-term data
from these countries are not applicable to Japanese patients,
highlighting the importance of investigating the incidence of
second cancers over time in Japan.

In the present study, we used the Osaka Cancer Registry
to retrospectively investigate the association between the inci-
dence of second cancers and initial treatment (chemotherapy,
hormone therapy and radiotherapy) in breast cancer patients.

Patients and methods

Patients. The subjects were 45,575 individuals who had been
diagnosed with breast cancer between January 1975 and
December 2003 (Fig. 1). Of these individuals, exclusion criteria
were applied to 252 men; 4,089 patients <20 or =75 years
of age at the time of diagnosis; 145 diagnosed with primary
breast cancer prior to January 1975; and 1,028 registered as
having recurrent breast cancer. We then excluded 50 patients
whose date of birth was unknown; 4,322 without data on initial
treatment for primary breast cancer and 2,232 with incomplete
data; 600 for whom the first primary cancer diagnosis and
death were recorded simultaneously and 83 for whom the first
and second primary cancers were diagnosed on the same date;
101 for whom the time between the first and second primary
cancer diagnoses was <3 months; and 39 for whom survival

information for =10 years after diagnosis of the primary breast
cancer was unknown. Finally, 33,045 primary breast cancer
patients were enrolled in the study.

Data collection. Information on treatment of the initial
and second cancer was obtained for each patient using
ICD-10-coded data in the Osaka Cancer Registry. ICD-10
coding of second cancers follows common rules set by the
International Association Cancer Registry and International
Agency for Research on Cancer, which state that a primary
cancer is one that originates from a primary site or tissue.
Second breast cancer is defined as having different histology
to the primary breast cancer: extension, recurrence, and
metastasis are not considered second cancers.

Second cancers occurred in the pharynx, esophagus,
stomach, small intestine, colon, rectum, liver, gallbladder and
bile duct, pancreas, lung, breast, cervix, corpus uteri, ovary,
kidney, bladder, brain, thyroid, skin, lymphocytes, and myelo-
cytes (in some cases manifesting as AML). In this study,
second cancers of the cervix or corpus uteri were not included
when they were described as not otherwise specified. In addi-
tion, no case of carcinoma in situ was included. If a breast
cancer had different Berg histologic types, it was recorded as
a multiple cancer. Furthermore, the definition of second breast
cancer differed from that of so-called contralateral breast
cancer. The following variables were included: age, gender,
date of diagnosis of first primary cancer, diagnosis of first
primary cancer (ICD-10), diagnosis of second primary cancer
(ICD-10), date of diagnosis of second primary cancer, and
initial treatment, defined as that administered within 4 months
of the diagnosis of primary breast cancer or already planned
for primary breast cancer. The following variables were not
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included: date on which the patient was no longer included
in the registry, information on menopausal status at diagnosis
of breast primary cancer and estrogen status. Information
on initial treatment did not include the names of any drugs
administered, their dosage or duration of administration. This
study was approved by the medical ethics committee of Kyoto
University.

Statistical analysis. Patients were classified according to the
initial treatment received (chemotherapy, hormone therapy,
radiotherapy or no treatment). In each treatment group, the
incidence rate for each type of second cancer was estimated
as the observed number of events divided by the total
number of person-years at risk. The incidence rate ratios
(IRR) between the treatment and corresponding non-treated
group were then compared. In these calculations, patients
were considered to be at risk from the date of diagnosis of
the primary breast cancer until the date of diagnosis of the
respective second cancer, date of death, last date on which
the patient was known to be alive, or end of the study period
(December 31, 2003), whichever criterion occurred first.
The effects of treatment on the second cancer were adjusted
for covariates and analyzed with stratification by age at the
first primary breast cancer, time since diagnosis of the first
primary breast cancer, and type of combined treatment. The
risk of corpus uteri cancer was evaluated using a Cox propor-
tional hazard model adjusted for other covariates, such as age
at diagnosis, chemotherapy, radiotherapy, and lymph node
metastasis. Statistical analyses were performed using SAS v.
9.1 (SAS Institute, Inc.; Cary, NC, USA) and JMP 7 (SAS
Institute, Inc.).

Results

Patient characteristics. A total of 33,045 patients were
enrolled. Background characteristics are shown in Table I. Due
to coding errors, the location of the second cancer was not veri-
fied in 2 patients. Thus, these 2 patients were excluded, leaving
33,043 study subjects for analysis. Of the 33,045 study subjects,
16,314 received hormone therapy (49.36%), whereas 16,731 did
not (50.63%); 20,397 received chemotherapy (61.72%) whereas
12,648 did not (38.28%); and 9,067 received radiotherapy
(27.44%), whereas 23,978 did not (72.56%).

With regard to hormone therapy, distribution by age at
diagnosis, stage of primary breast cancer, and time since first
primary breast cancer occurred was similar between those
who did and did not receive hormone therapy. By contrast, a
difference was observed in the year of diagnosis.

For chemotherapy, distribution by age at diagnosis was
similar between the groups. Of the chemotherapy-treated
patients, 44.2% presented lymph node metastasis compared
with 20.3% in the non-chemotherapy-treated group. Year of
diagnosis, stage of primary breast cancer, and time since first
primary breast cancer occurred differed between the groups.

For radiotherapy, distribution by age at diagnosis was
similar between the groups. Of the radiotherapy-treated
patients, 44.2% had lymph node metastasis compared with
20.3% in the non-radiotherapy-treated patients. Year of
diagnosis, stage of primary breast cancer, and time since first
primary breast cancer occurred differed between the groups.
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Hormone therapy versus no hormone therapy. Table II shows
the number and frequency of second cancers and compares the
IRR between patients who did and did not receive hormone
therapy. The total number of second primary cancers in those
treated with hormones was 699 versus 1,158 in those who were
not treated with hormones. The incidence rate of all second
cancers per 1,000 women-years was 8.2 in the hormone
therapy group and 12.9 in the non-hormone therapy group.
IRR was 0.64 [95% confidence interval (CI), 0.58-0.70]. IRR
for corpus uteri cancer was 3.04 (95% CI, 1.78-5.19), while
those for other types of second cancers were less than one.
With regard to the site of second cancers, IRR was statisti-
cally significantly lower in the case of the colon (IRR 0.52,
95% CI, 0.38-0.71), liver (IRR = 0.67, 95% CI, 0.46-0.98),
and pancreas (IRR = 0.56, 95% CI, 0.34-0.93). Similar
results were obtained even when the 17 patients with in situ
corpus uteri carcinoma were included in the IRR calculation
(data not shown).

For many cancer sites, risk increased with an increase in
age at diagnosis of the first primary breast cancer (Table III).
Although IRR of the corpus uteri was 1.36 (P=0.83) for
patients aged 20-44 years at diagnosis of the first primary
breast cancer, that for patients aged >45 years was 3-4, with
these IRRs being significantly high.

For corpus uteri cancer, IRR was 2.10 (95% CI, 0.91-23.12)
within 1 year of diagnosis, 2.49 (95% CI, 0.89-6.97) at
1-4 years after diagnosis, 3.65 (95% CI, 1.51-8.82) at 5-9 years
after diagnosis, and 2.07 (95% CI, 0.75-5.70) at =10 years after
diagnosis. IRR of corpus uteri cancer was therefore highest
at 5-9 years after breast cancer diagnosis. For stomach and
ovary cancers, risk was most pronounced within the first year
of follow-up (Table IV).

Risk for corpus uteri cancer was relatively constant
over time, at 3.44 (95% CI, 0.31-37.88) in 1975-1981, 2.74
(95% CI, 1.13-6.65) in 1982-1988, 2.87 (95% CI, 1.18-6.98) in
1989-1995, and 1.85 (95% CI, 0.51-6.71) in 1989-2003.

Chemotherapy versus no chemotherapy. Table V shows
the number and frequency of second cancers and a
comparison of IRRs between patients who did and did
not receive chemotherapy. The total number of second
primary cancers was 1,180 in the chemotherapy-treated
versus 677 in the non-chemotherapy-treated patients. IRR
was 091 (95% CI, 0.83-1.00). IRRs of chemotherapy vs. no
chemotherapy were significantly higher for cancer of the
corpus uteri (IRR =2.32, 95% CI, 1.27-4.23), and gallbladder
and bile duct (IRR = 1.82, 95% CI, 1.01-3.30). By contrast,
IRRs were significantly lower for the liver (IRR = 0.54,
95% CI, 0.37-0.78) and kidney (IRR = 0.36, 95% CI, 0.15-
0.84). On stratification by treatment, the risk of AML in the
chemotherapy-only group was 4.17 (95% CI, 0.91-19.04) (data
not shown).

Radiotherapy versus no radiotherapy. Table VI compares IRRs
between patients who received radiotherapy and those who did
not. The total number of second primary cancers was 1,428 in
patients treated with radiotherapy versus 429 in those who were
not. IRR was 097 (95% CI, 0.87-1.08). IRR associated with
radiotherapy versus no radiotherapy for second breast cancer
was 1.46 (95% CI, 1.13-1.90), whereas that for small intestine
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cancer was 4.02 (95% CI, 1.08-14.96). IRRs were significantly
lower for lymphoma (IRR =0.12, 95% CI, 0.02-0.91). On strati-
fication by treatment, the results exhibited a similar tendency to
those for hormone therapy (data not shown).

Multivariate analysis. The effect of hormone therapy adjusted
for covariates on corpus uteri cancer was examined by using
the Cox proportional hazard model. For second corpus uteri
cancer, the IRR associated with hormone therapy after
covariate adjustment was 2.53 (95% CI, 1.41-4.55) (Table VII).

Discussion

A large-scale retrospective study was conducted using the Osaka
Cancer Registry in Japan to investigate the risk of second primary
cancers after first primary breast cancer. Of 33,045 female
individuals with first primary breast cancer, 1,859 developed
second cancers. Of these, the IRR of corpus uteri cancer was
3.04 (95% (I, 1.78-5.19) for hormone therapy. Although IRRs of
all second cancers associated with initial cancer treatment were
low, these findings may indicate an association between second
corpus uteri cancer and hormone therapy.

Following its approval in Japan in 1982, tamoxifen citrate
assumed a central role in hormone therapy. However, long-term
research on this drug is currently lacking. In our study, second
corpus uteri cancer was strongly related to hormone therapy
for first primary breast cancer. Previous adjuvant trials and
observation studies reported that the relative risk of developing
endometrial cancer is 2- or 3-fold higher after tamoxifen citrate
treatment (19-21). The findings of the present study revealed that
the risk was high even prior to 1975, when tamoxifen citrate was
rarely used in Japan. This increase in risk is likely associated
with a number of common risk factors, such as reproductive
and genetic factors, obesity, and other factors that have yet to
be identified (6). Furthermore, we also observed that the risk of
developing second cancer was higher for women whose age at
diagnosis of first breast cancer was 45 years or older. Age may
clearly be a surrogate of susceptibility to cancer and immune
response. Notably, we observed that the IRR of corpus uteri
cancer was highest at 5-9 years after first breast cancer diagnosis,
indicating the necessity of monitoring for this cancer within the
first 10 years of breast cancer diagnosis. Nevertheless, the propor-
tion of women who develop corpus uteri cancer is markedly low
compared with that of women who benefit from the drug.

With regard to chemotherapy, various regimens have been
used over time, depending on the stage of breast cancer. In
the present study, the IRR for AML, suggested to be the main
type of second cancer associated with chemotherapy (22), was
found to be 1.47 within the follow-up time, and stratification
by treatment revealed a risk of AML in the chemotherapy-only
group of 4.17 (95% CI, 0.91-19.04). An association of AML
with exposure to alkylating agents, such as cyclophosphamide
and topoisomerase II inhibitors, such as epirubicin, has been
described (23-27). Thus, we observed a decreased incidence of
second cancer for liver and kidney cancers. Although certain
chemotherapeutic drugs have been reported to prevent carci-
nogenesis or cancer promotion in vitro or in animal models
(28,29), the present results did not indicate which drugs for
breast cancer may prevent lung or renal cell carcinogenesis.
Our study also revealed that the risk of corpus uteri cancer

KAMIGAKI et al: BREAST CANCER AND RISK OF SECOND CANCER

Table VII. Analyses for the incidence of the corpus uterus
cancer.

Hazard ratio 95% CI
Hormone therapy (yes/no) 2.53 (1.41-4.55)
Radiotherapy (yes/no) 1.12 (0.63-2.01)
Chemotherapy (yes/no) 1.74 (0.91-3.33)
Age (per decade) 1.40 (1.31-1.42)
Lymph node metastasis (yes/no) 0.99 (0.60-1.62)

CI, confidence interval.

was high in those receiving versus not receiving chemotherapy.
Evaluation of the effect of hormone therapy adjusted for covari-
ates on corpus uteri cancer by stratified analysis and a Cox
proportional hazard model revealed that the IRR of second
corpus uteri cancer was significant for patients who received
hormone therapy, but was not significant for those who did not.

For radiotherapy, the most common second cancer types
were those of organs located close to the breast, such as the
esophagus, lung, thyroid gland and stomach, as well as soft
tissue sarcomas of the thorax and upper limbs and leukemia
(30-36). Among radiotherapy-treated patients, certain investiga-
tors have reported an increase in the risk of contralateral breast
cancer associated with radiotherapy (37,38). In the present study,
primary breast cancer was diagnosed as a second breast cancer
if it had a different tissue diagnosis to the first cancer, whether
it was contralateral or not. The present study revealed that the
risk of second breast cancer with different pathological features
was also higher in those receiving radiotherapy. Of note is that
second breast cancer in this study was different to contralateral
breast cancer. We noted an excess incidence of cancer of the
small intestine in this study, but the incidence of second small
intestinal cancer was markedly low. Thus, further studies
should be conducted with regard to this observation. Although a
decrease was noted in the incidence of lymphoma in this study,
this association has been observed in few previous studies.

Our results should be considered within the limitations of
cancer registry-based data. Population-based studies allow for
a better evaluation of site-specific second cancer risks among
numerous patients than hospital-based studies. However, such
studies do not allow for the evaluation of significant cancer-
related factors such as smoking, alcohol consumption, her2 or
family history. Although we focused on initial treatment as
the primary explanation for the observed secondary cancers,
our results should be interpreted with care, as risk may also be
affected by family history- and etiology-related factors.

A second limitation of this study is that the treatment data
pertained only to the initial treatment, which was recorded as
the first-line treatment plan within 4 months from the diagnosis
of primary breast cancer. Hormone therapy data may be more
reliable than data for chemotherapy and radiotherapy, since
most doctors measure estrogen receptor levels and consider the
use of hormone therapy when breast cancer is diagnosed.

In conclusion, the IRR of all second cancers associated
with initial cancer treatment was low. Among all treatments
for first cancer, the incidence of second corpus uteri cancer
was found to be possibly related to hormone therapy.
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