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Background: Although the guidelines recommend gynecological assessment and close
monitoring for symptoms of endometrial cancer in postmenopausal breast cancer
survivors taking tamoxifen (TAM), the risk of endometrial cancer in young breast cancer
survivors has not yet been fully assessed. This study aimed to investigate the risk of
developing endometrial cancer and the frequencies of gynecological examinations in
young breast cancer survivors taking TAM in South Korea.

Methods: A nationwide retrospective cohort study was conducted using the Health
Insurance Review and Assessment Service claims data. Kaplan–Meier analyses and log-
rank tests were used to assess the probability of endometrial cancer, benign endometrial
conditions, and the probability of invasive endometrial procedure. To analyze the risk of
endometrial cancer and benign endometrial conditions, we used a multivariable Cox
proportional hazards regression model.

Results: Between 2010 and 2015, 60,545 newly diagnosed female breast cancer
survivors were included. The total person–years were 256,099 and 140 (0.23%)
patients developed endometrial cancer during the study period. In breast cancer
survivors aged ≥60 years [hazard ratio (HR), 5.037; 95% confidence interval (CI),
2.185–11.613], 50–59 years (HR, 4.343; 95% CI, 2.122–8.891), and 40–49 years (HR,
2.121; 95% CI, 1.068–4.213), TAM was associated with an increased risk of endometrial
cancer. In subjects aged below 40 years, TAM did not significantly increase the risk of
endometrial cancer. However, among the TAM subgroups, breast cancer survivors aged
below 40 years [1.61 per 1,000 person–years (PY); HR, 12.460; 95% CI, 2.698–57.522]
and aged 40–49 years (2.22 per 1,000 PY; HR, 9.667; 95% CI, 4.966–18.819) with TAM-
related endometrial diseases showed significantly increased risks of endometrial cancer.
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Among the TAM subgroup with benign endometrial conditions, the ratios of the frequency
of invasive diagnostic procedures to the incidence of endometrial cancer were higher in
subjects under 40 than subjects aged 60 or more.

Conclusion: Young breast cancer survivors with TAM-related benign endometrial
diseases are at a higher risk of developing endometrial cancer. Gynecological
surveillance should be tailored to the risk of endometrial cancer in young breast cancer
survivors to improve the early detection of endometrial cancer and avoid unnecessary
invasive procedures.
Keywords: breast neoplasms, dilatation and curettage, gynecological examination, tamoxifen,
endometrial neoplasms
INTRODUCTION

In hormone receptor-positive breast cancer, use of tamoxifen (TAM) as
an adjuvant antihormonal treatment is important (1, 2). TAM is
associated with various adverse effects, including hot flashes, vaginal
discharge, menstrual irregularities, sexual dysfunction, thromboembolic
complications, hyperplasia, and endometrial cancer (3, 4).These adverse
effects can reduce patients’ adherence to adjuvant endocrine treatment
(5). Endometrial cancer is knownas a serious adverse effect related to the
use of TAM (6–8).

Most guidelines recommend gynecological assessment for
endometrial cancer in postmenopausal breast cancer survivors
receiving TAM (9–11). However, routine examinations are not
warranted as such surveillance is not effective in enhancing the early
detection of endometrial cancer andmay lead tomore invasive and
costly diagnostic procedures in asymptomatic postmenopausal
women. Gynecological assessments are recommended to be
performed only in postmenopausal women with complaints of
abnormal vaginal symptoms (9, 11).

No existing guidelines have recommended gynecological
assessment for endometrial cancer in premenopausal women
receiving TAM. This is because previous studies did not show a
significantly increased risk of endometrial cancer in premenopausal
women receiving TAM (1, 10). However, in these studies, the
numbers of young breast cancer survivors were small, the incidence
of endometrial cancer was low, and assessments for various TAM-
related gynecological symptoms were not conducted. Therefore, the
risk of endometrial cancer in premenopausal women were
possibly underestimated.

Hence, this nationwide retrospective cohort study was
conducted using claims data from the Health Insurance Review
andAssessment Service (HIRA).This study aimed to investigate the
incidence of endometrial cancer in young breast cancer survivors
and to analyze the frequency of invasive endometrial procedures in
breast cancer survivors who were treated with TAM.

MATERIALS AND METHODS

Data Source and Study Population
Healthcare in South Korea is delivered through a single-payer
healthcare system supported by the government. The HIRA has a
major role in collecting data of all healthcare services delivered to
2

patients and assessing the healthcare services for reimbursement
decisions (12). The HIRA data include patients’ general
information, diagnoses, and healthcare services provided such
as medications and procedures.

The data registered between January 2008 and December 2018
were extracted from the HIRA database. Patients who were newly
diagnosedwith breast cancer from January 2010 toDecember 2015
were included. To exclude prevalent breast cancer patients, we
selected a 2-year washout period (from January 2008 to December
2009). Male breast cancer patients, patients with a history of in situ
carcinoma, patients with presumed metastatic or recurrent breast
cancer, and patients who did not undergo breast cancer surgery
were excluded. Patients with previous or recent history of other
cancer types including endometrial cancer, who underwent
hysterectomy, or who had an oophorectomy were also excluded.
Moreover, patients without follow-up claims data 1 year after the
initiation of endocrine treatment were excluded. Newly diagnosed
breast cancer was defined using the C50 code (invasive breast
cancer) based on the 10th revision of the International
Classification of Diseases (ICD-10) plus the V193 code, which is a
claim code for reimbursement of cancer patients (13).

From January 2010 to December 2015, 203,956 breast cancer
patients who were assigned with the C50 and V193 codes were
identified. We excluded 861 male patients, 6,535 patients with a
previous history of in situ carcinoma, 13,493 patients with metastatic
or recurrent breast cancer, 17,142 patients who did not undergo breast
cancer surgery, 16,036 patients with preexisting or who were recently
diagnosed with other cancer types, 1,642 patients with previous
hysterectomy, 99 patients who previously underwent oophorectomy,
and 366 patients who did not have follow-up data 1 year after the
initiation of endocrine treatment (Supplementary Figure 1).

Variables and Operational Definitions
Patients’ baseline characteristics and the Charlson Comorbidity
Index (CCI) based on ICD-10 codes were analyzed (14).
Hypertension (HT), diabetes mellitus (DM), and dyslipidemia
were defined using ICD-10 codes (HT, I10–13, 15, and 16; DM,
E10–14; and dyslipidemia, E78) and their related medications.
Breast cancer treatments were evaluated based on claims data
1 year after the breast cancer diagnosis. Data on surgery,
radiation, chemotherapy, endocrine therapy, and trastuzumab
were reviewed.
June 2021 | Volume 11 | Article 636378

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Choi et al. Endometrial Cancer Risk of Tamoxifen
Endometrial cancer was defined using the newly claimed
endometrial cancer codes (C55, C54, and D07). Benign
endometrial condition was defined using the newly claimed
diagnoses such as vaginal bleeding (N93 and N90), endometrial
hyperplasia (N851 and N850), and polyp of endometrium (N840).
Procedures including endometrial evaluation (aspiration, biopsy, and
polypectomy) and dilatation and curettage (D&C) were identified
using electronic data interchange codes. In-hospital mortality
was assessed.

For landmark analysis, the index date was defined as the date
1 year after the initiation of endocrine therapy or the date of
surgery if antihormonal medications were not prescribed.

Statistical Analysis
The incidence rates of endometrial cancer were compared
between the TAM group and no TAM group. In the TAM
subgroup stratified according to age at diagnosis (<40, 40–49,
50–59, and ≥60 years), the incidence of endometrial cancer and
benign endometrial condition, total frequency of procedures,
frequency of procedures per 1,000 person–years, and the ratio of
the frequency of invasive diagnostic procedures to the incidence
of endometrial cancer were calculated. Kaplan–Meier analysis
and the log-rank test were used to assess the disease-free
probability of patients with endometrial cancer and benign
endometrial condition, and the procedure-free probability of
the endometrial evaluation and D&C.

To analyze the risk of endometrial cancer andbenign endometrial
conditions, we used a Cox proportional hazards regression model
adjusted for age at diagnosis, insurance, CCI, previous dyslipidemia,
previous diabetes mellitus, previous hypertension, previous
polycystic ovarian syndrome, chemotherapy, radiation,
and trastuzumab.
Frontiers in Oncology | www.frontiersin.org 3
Statistical analyses were conducted using R software (version
3.6.1, R Foundation for Statistical Computing, Vienna, Austria)
and SAS (version 9.4, SAS Institute Inc., Cary, NC, USA). This
study was approved by the Institutional Review Board of Asan
Medical Center (IRB no. S2019-1702-0001).
RESULTS

Baseline Characteristics
A total of 60,545 breast cancer survivors were included in this
analysis. The total person–years were 256,099, and the mean
duration after cohort entry was 66 months. Of these patients,
27,034 (44.65%) received TAM, while 33,511 (55.35%) were not
treated with TAM (Table 1). Of the total patients, 29,635 (48.9%)
breast cancer survivors were aged below 50 years, and 7,519 (12.4%)
young breast cancer survivors were aged below 40 years
(Supplementary Table 1). The proportion of breast cancer
survivors who received any type of chemotherapy was 60.74% (n =
36,776). During the study period, 68.66% (41,569) of these patients
received radiation therapy. Trastuzumab was prescribed in 8,619
(14.23%) patients. All patients underwent breast cancer surgery.

Endometrial Cancer in Breast
Cancer Survivors
Of the total study population, 140 (0.23%) patients developed
endometrial cancer during the study period (Table 1). There
were 98 (0.36%) and 42 (0.12%) endometrial cancer cases in the
TAM group and non-TAM group, respectively.

In breast cancer survivors aged 40 or over, TAM significantly
increased the risk of endometrial cancer (Table 2 and Figure 1).
The incidence of endometrial cancer in subjects ≥60 years who
TABLE 1 | Baseline characteristics of the study population.

Tamoxifen No tamoxifen Total
(n = 27,034, 44.65%) (n = 33,511, 55.35%) (n = 60,545, 100%)

Age at diagnosis (years, mean ± SD) 45.79 ± 8.44 55.39 ± 10.78 51.11 ± 10.90
Insurance
Health insurance 26,567 98.27 32,616 97.33 59,183 97.75
Medicare 467 1.73 895 2.67 1,362 2.25
CCI (mean ± SD) 1.59 ± 1.57 2.34 ± 2.04 2.01 ± 1.88
Previous diabetes mellitus 1,158 4.28 4,018 11.99 5,176 8.55
Previous hypertension 3,804 14.07 11,679 34.85 15,483 25.58
Previous dyslipidemia 3,625 13.40 11,864 35.40 15,489 25.58
Previous PCOS 118 0.44 59 0.18 177 0.29
Chemotherapy 16,045 59.35 20,731 61.86 36,776 60.74
Radiation 19,620 72.58 21,949 65.5 41,569 68.66
Trastuzumab 2,961 10.95 5,658 16.88 8,619 14.23
(Neo)adjuvant endocrine therapy
None 0 17,521 52.28 17,521 28.94
Tamoxifen 26,374 97.56 0 26,374 43.56
Tamoxifen +AI 660 2.44 0 660 1.09
AI 0 15,990 47.71 15,990 26.41
Endometrial cancer* 98 0.36 42 0.12 140 0.23
Benign endometrial conditions* 7,254 26.83 2,888 8.61 10,142 16.75
In-hospital mortality 465 1.72 1,303 3.89 1,768 2.92
Duration after cohort entry (mean ± SD, month) 66.47 ± 20.34 65.68 ± 20.84 66.03 ± 20.62
June 2021 |
 Volume 11 | Article
*1 year after the initiation of treatment.
SD, standard deviation; CCI, Charlson Comorbidity Index; PCOS, polycystic ovary syndrome; AI, Aromatase inhibitor.
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were treated with TAMwas the highest in all age subgroups [1.38
per 1,000 person–years (PY); hazard ratio (HR), 5.037; 95%
confidence interval (CI), 2.185–11.613; P<0.001]. However, in
subjects aged below 40 years, TAM did not significantly increase
the risk of endometrial cancer, and the incidence rate of
endometrial cancer was low (0.62 per 1,000 PY; HR, 2.048;
95% CI, 0.658–6.377; P = 0.216).

Benign Endometrial Conditions in Breast
Cancer Survivors
TAM significantly increased the risk of benign endometrial
conditions in all age subgroups (Supplementary Table 2 and
Supplementary Figure 2). The incidence of benign endometrial
Frontiers in Oncology | www.frontiersin.org 4
conditions in subjects under 40 years who were treated with
TAM (88.60 per 1,000 PY) was the highest in all age subgroups.
The incidence of benign endometrial conditions in subjects 60
years or more who were not treated with TAM (10.80 per 1,000
PY) was the lowest in all age subgroups.

Endometrial Cancer in Young Breast
Cancer Survivors With Benign
Endometrial Conditions
Among the TAM subgroups, benign endometrial conditions were
significantly related to an increased risk of endometrial cancer in all
age subgroups (Table 3). The incidence of endometrial cancer in
subjects ≥60 years with benign endometrial conditions was the
A B

DC

FIGURE 1 | Endometrial cancer-free probability in breast cancer survivors by tamoxifen and age at diagnosis.(A) Age<40, (B) Age 40-49, (C) Age 50-59, (D) Age <60.
TABLE 2 | Univariate analysis and multivariable Cox regression analysis of endometrial cancer risk related to tamoxifen by age at diagnosis.

Age Tamoxifen N No. of
events

Person–
years

Incidence rate, per 1,000
person–years

pa Crude HR (95% CI), p Adjusted HR (95% CI)b, p

<40 No 2,613 4 11,695 0.34 1 (Reference) 1 (Reference)
Yes 4,906 13 20,895 0.62 0.300 1.904 0.620 5.851 0.261 2.048 0.658 6.377 0.216

40–49 No 6,053 10 26,577 0.38 1 (Reference) 1 (Reference)
Yes 16,063 55 66,919 0.82 0.020 2.187 1.114 4.291 0.023 2.121 1.068 4.213 0.032

50–59 No 13,739 15 58,315 0.26 1 (Reference) 1 (Reference)
Yes 4,351 20 18,038 1.11 <0.001 4.308 2.205 8.415 <0.001 4.343 2.122 8.891 <0.001

60≤ No 11,106 13 46,405 0.28 1 (Reference) 1 (Reference)
Yes 1,714 10 7,255 1.38 <0.001 4.876 2.138 11.120 <0.001 5.037 2.185 11.613 <0.001
June 202
1 | Volu
me 11 | Article
aLog-rank test.
bAdjusted for age at diagnosis (continuous), insurance (health insurance, Medicare), Charlson comorbidity index (continuous), previous hypertension (yes or no), previous diabetes mellitus
(yes or no), previous dyslipidemia (yes or no), previous polycystic ovarian syndrome (yes or no), chemotherapy (yes or no), radiation (yes or no), and trastuzumab (yes or no).
CI, confidence interval; HR, hazard ratio.
636378
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highest in all age subgroups (5.99 per 1,000 PY). In subjects without
benignendometrial conditions, the incidenceof endometrial cancer
was low.

In younger breast cancer survivors aged under 40 years (HR,
12.460; 95% CI, 2.698–57.522; P = 0.001) and 40–49 years (HR,
9.667; 95% CI, 4.966–18.819; P < 0.001), benign endometrial
conditions significantly increased the risk of endometrial cancer,
although the actual incidence rates of endometrial cancer were
lower than those of their older counterparts (1.61 per 1,000 PY in
subjects under 40 years; 2.22 per 1,000 PY in subjects aged 40–
49 years).

Frequencies of Invasive Endometrial
Procedures in Breast Cancer Survivors
The frequencies of invasive endometrial procedures were higher in
the TAM groups than those in the non-TAM subgroups (Table 4
and Figure 2). Among the TAM group aged 60 years or more,
invasive endometrial evaluations and D&C were performed about
18 and 23 times to detect one endometrial cancer, respectively.
However, in the TAM group aged below 40 years, invasive
endometrial evaluations and D&C were conducted more than 46
and 54 times to find one endometrial cancer, respectively.

Among breast cancer survivors treated with TAM, the rates of
invasive endometrial procedures were higher in subjects with
benign endometrial conditions (Supplementary Table 3).
Among the TAM-treated subjects with benign endometrial
conditions, the ratios of the frequency of invasive diagnostic
procedures to the incidence of endometrial cancer were 49.0
(endometrial evaluation) and 59.5 (D&C) in subjects under 40
years. However, in subjects aged 60 or more, the ratios were 14.6
(endometrial evaluation) and 21.2 (D&C), respectively.
DISCUSSION

This study demonstrated that the risk of endometrial cancer
increased in young breast cancer survivors on TAM. Even young
breast cancer survivors aged below 40 years who had TAM-related
benign endometrial conditions such as vaginal bleeding,
Frontiers in Oncology | www.frontiersin.org 5
endometrial hyperplasia, and endometrial polyp showed a
significantly increased risk of endometrial cancer compared with
those without benign endometrial conditions. Although the
incidence rates of endometrial cancer in younger breast cancer
survivors were lower than those of their older counterparts; the
frequencies of invasive endometrial procedures were higher in
younger breast cancer survivors than in their older counterparts.

To our knowledge, this is the first nationwide study to
demonstrate the increased risk of endometrial cancer in young
breast cancer survivors treated with TAM. Previous studies were
limited by the fact that the sample size was not enough to assess
the endometrial cancer risk in premenopausal breast cancer
survivors on TAM treatment. The National Surgical Adjuvant
Breast and Bowel Project (NSABP) P-1 study, where the current
guidelines are based, indicated that treatment with TAM did not
increase the endometrial cancer risk in premenopausal women
and that additional monitoring was not required (10). However,
this study enrolled 5,077 patients aged below 50 years (2,596 in
the placebo group and 2,581 in the TAM group), and the number
of participants aged below 40 years was 244 (185 in the placebo
group and 159 in the TAM group). Of the total sample aged
below 50 years, 17 (eight in the placebo group and nine in the
TAM group) patients developed endometrial cancer. Treatment
with TAM did not significantly increase the risk of endometrial
cancer in women aged below 50 years (risk ratio, 1.21; 95% CI,
0.41–3.60). From the NASBP B-14 study, the incidence of
endometrial cancer in TAM-treated breast cancer survivors
were investigated (1). This study enrolled 2,843 participations
(1,424 in the placebo group and 1,419 in the TAM group), and
only 62 patients were aged below 50 years. A total of 15 patients
(zero in the placebo group and 15 in the TAM group) developed
endometrial cancer; of them, only one patient in the TAM group
was aged below 50 years. These results suggest that the previous
studies may underestimate the risk of endometrial cancer in
TAM-treated premenopausal breast cancer patients. In our
study, 29,635 breast cancer survivors aged below 50 years were
included, and 68 of them developed endometrial cancer.
Meanwhile, 7,519 young breast cancer survivors aged below 40
years were investigated.
TABLE 3 | Univariate analysis and multivariable Cox regression analysis of endometrial cancer risk related to benign endometrial condition in patients
treated with tamoxifen.

Age Benign
endometrial
condition

N No. of
events

Person–
years

Incidence rate, per
1,000 person–years

pa Crude HR (95% CI) Adjusted HR (95% CI)b

<40 No 3,396 2 14,049 0.14 1 (Reference) 1 (Reference)
Yes 1,510 11 6,846 1.61 <0.001 10.810 2.393 48.830 0.002 12.460 2.698 57.522 0.001

40–49 No 11,587 11 47,139 0.23 1 (Reference) 1 (Reference)
Yes 4,476 44 19,780 2.22 <0.001 9.543 4.927 18.450 <0.001 9.667 4.966 18.819 <0.001

50–59 No 3,306 5 13,449 0.37 1 (Reference) 1 (Reference)
Yes 1,045 15 4,589 3.27 <0.001 8.817 3.203 24.270 <0.001 8.815 3.179 24.444 <0.001

60≤ No 1,339 0 5,586 0.00 1 (Reference) 1 (Reference)
Yes 375 10 1,669 5.99 <0.001 NA NA
June 20
21 | Volume 11 | Article 6363
aLog-rank test.
bAdjusted for age at diagnosis (continuous), insurance (health insurance, Medicare), Charlson comorbidity index (continuous), previous hypertension (yes or no), previous diabetes mellitus
(yes or no), previous dyslipidemia (yes or no), previous polycystic ovarian syndrome (yes or no), chemotherapy (yes or no), radiation (yes or no), and trastuzumab (yes or no).
CI, confidence interval; HR, hazard ratio.
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Because the current international guidelines are based on the
previous studies, gynecological assessment is not recommended for
premenopausal women taking TAM. According to the American
Cancer Society/American Society of Clinical Oncology
Survivorship Care Guidelines, clinicians should perform annual
gynecological assessments in postmenopausal women takingTAM,
and patients should inform their physicians if unexpected bleeding
occurs (11). According to the 2014 American College of
Obstetricians and Gynecologists guidelines, postmenopausal
women taking TAM should monitor for symptoms of
endometrial disease or cancer (9). In the European Society for
Medical Oncology guidelines for postmenopausal breast cancer
survivors, appropriate diagnostic tests are recommended to be
carriedout in thosewith symptomsof endometrial hyperplasia (15).

In our study, young breast cancer survivors aged below 50 years
who had TAM-related endometrial diseases or symptoms showed a
significantly increased risk of endometrial cancer. This suggests that
gynecological assessments of endometrial cancer in these young
breast cancer survivors on higher risk of developing endometrial
cancer should be considered. However, the actual incidence rates of
endometrial cancer in younger breast cancer survivors (1.61 per
1,000 PY in subjects under 40 years; 2.22 per 1,000 PY in subjects
aged 40–49 years) were lower than those of their older counterparts
(3.27 per 1,000 PY in subjects in their 50s; 5.99 per 1,000 PY in
subjects ≥60 years), and therefore balanced decisions on screening
for endometrial cancer should be made.

The guidelines indicated thatmore attention should be paid to the
symptoms related to endometrial hyperplasia. In patients who did
not develop any adverse effects after taking TAM, initial screening
and regular Papanicolaou smear examinations are usually
recommended because the benefits of routine endometrial
surveillance in asymptomatic patients on TAM therapy remain
unknown. There are no clear guidelines on which gynecological
examination should be performed (16, 17). In previous studies,
endometrial biopsy or transvaginal ultrasound was not used to
screen asymptomatic women receiving TAM (18, 19). Although
anotherprevious study reported that therewasno significant increase
Frontiers in Oncology | www.frontiersin.org 6
in the incidenceof endometrial cancer inyoungbreast cancerpatients
agedbelow40years, the studydidnotanalyze thepresenceor absence
of benign endometrial symptoms and disease (20). In our study, the
risk of endometrial cancer increased only in young breast cancer
survivors with TAM-related endometrial benign disease. Hence, it
may be appropriate to assess for signs of endometrial hyperplasia like
abnormal bleeding, including spotting and abnormal vaginal
discharge in young breast cancer survivors on TAM.

In a large-scale randomized controlled trial of female breast
cancer survivors, treatment with TAM for 10 years further reduced
the recurrence and mortality rates, particularly after 10 years,
compared with discontinuing this treatment after 5 years (21, 22).
Extended adjuvant TAM therapy is associated with an increase in
the risk of endometrial cancer (23). The longer the TAM treatment
period is, the more important endometrial cancer screening
through gynecological examination can become. Young breast
cancer survivors undergoing extended endocrine therapy with
TAM up to 10 years should be informed of the possible risk of
developing endometrial cancer and to monitor for symptoms
related to benign endometrial disease. TAM administered at dose
of 5 mg/d for 3 years can reduce the recurrence of breast cancer by
50% with a limited toxicity and may be used as a new treatment
option for these patients (24).

To the best of our knowledge, the frequencies of gynecological
diagnostic procedures among young breast cancer survivors in the
real-world setting have rarely been reported (25). Invasive
procedure can cause harm to these young patients. In this study,
young breast cancer survivors with TAM-related endometrial
conditions showed a significantly increased risk of endometrial
cancer. However, the ratios of endometrial evaluation and D&C to
the incidence of endometrial cancer in breast cancer survivors aged
below 50 years were higher than those in breast cancer survivors
aged 50 years and older. Considering the actual incidence of
endometrial cancer by age, these invasive procedures should be
cautiously opted to avoid causing unnecessary harm.

This study has some limitations. First, the HIRA data lacked
information on laboratory examinations, imaging studies, family
TABLE 4 | Frequencies of endometrial procedures in breast cancer survivors 1 year after initiation of treatment.

N Endometrial evaluation Dilatation and curettage

Patients,
no. (%)

Procedures,
no.

Procedure rate (per
1,000 person–years)

Ratioa Patients,
no. (%)

Procedures,
no.

Procedure rate (per
1,000 person–years)

Ratiob

Tamoxifen

<40 4,906 492 10.0 606 29.0 46.6 557 11.4 707 33.8 54.4

40–49 16,063 1,592 9.91 2,021 30.2 36.7 1,799 11.2 2,269 33.9 41.3

50–59 4,351 399 9.17 505 28.0 25.2 465 10.7 581 32.2 29.0

60≤ 1,714 144 8.40 179 24.7 17.9 184 10.7 234 32.0 23.4

No tamoxifen

<40 2,613 128 4.90 154 13.20 38.50 111 4.25 141 12.10 35.20

40–49 6,053 230 3.80 290 10.90 29.00 232 3.83 279 10.50 27.90

50–59 13,739 187 1.36 215 3.69 14.30 190 1.38 218 3.74 14.50

60≤ 11,106 124 1.12 153 3.30 11.80 157 1.41 178 3.84 13.70
June
 2021 | Volume 11 | Artic
le 63637
aRatio = the rate of endometrial evaluation/the rate of endometrial cancer.
bRatio = the rate of dilation and curettage/the rate of endometrial cancer.
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history, and pathological outcomes such as cancer stage, hormone
receptor status, and HER2 overexpression. Second, patients’
adherence to individual treatments could not be specified. Third,
vaginal ultrasound exams were not able to be analyzed because
informationabout ultrasound isnot archived in theHIRAdatabase.
Fourth, clinical results suchas recurrence,metastasis, or the cause of
Frontiers in Oncology | www.frontiersin.org 7
death were not available. Only in-hospital mortality was assessed.
Lastly, although pregnancy is known to reduce the risk of
endometrial cancer, the multivariate analyses in this study were
not adjusted by this factor due to insufficient data.

In conclusion, young breast cancer survivors with TAM-
related endometrial benign disease are at a higher risk of
A B

D

E F

G H

C

FIGURE 2 | Procedure-free probability in breast cancer survivors by tamoxifen and age at diagnosis. (A–D) Endometrial evaluation, (E–H) Dilatation and Curettage.
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developing endometrial cancer. Clinicians should assess for
benign endometrial conditions in premenopausal breast cancer
survivors who are taking TAM. Gynecological surveillance
should be tailored to the risk of endometrial cancer in young
breast cancer survivors to improve the early detection of
endometrial cancer and avoid unnecessary invasive procedures.
DATA AVAILABILITY STATEMENT

The datasets generated for this study is not publicly available.
These datasets are from the Korean national database, and are
not allowed to be extracted from the server by laws. Requests to
access the datasets should be directed to the Health Insurance
Review and Assessment Service.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Asan Medical
Center (IRB no. S2019-1702-0001). Written informed consent
from the participants’ legal guardian/next of kin was not required
in accordance with the national legislation and the
institutional requirements.
Frontiers in Oncology | www.frontiersin.org 8
AUTHOR CONTRIBUTIONS

SC: planned, wrote, and revised the article. JHJ, YJL, JJ, JL, HK,
BK, BS, and SA reviewed and edited the article. YL: planned,
analyzed the data, and performed the statistics. IC: planned,
wrote, revised, supervised, and designed the concept of the
article. All authors contributed to the article and approved the
submitted version.
ACKNOWLEDGMENTS

We extend our gratitude to the Health Insurance Review and
Assessment Service for providing the nationwide data.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.636378/
full#supplementary-material

Supplementary Figure 1 | Study population.

Supplementary Figure 2 | Benign endometrial condition-free probability in
breast cancer survivors by tamoxifen and age at diagnosis.
REFERENCES

1. Fisher B, Costantino JP, Redmond CK, Fisher ER, Wickerham DL, Cronin
WM. Endometrial Cancer in Tamoxifen-Treated Breast Cancer Patients:
Findings From the National Surgical Adjuvant Breast and Bowel Project
(Nsabp) B-14. J Natl Cancer Inst (1994) 86(7):527–37. doi: 10.1093/jnci/
86.7.527

2. Burstein HJ, Temin S, Anderson H, Buchholz TA, Davidson NE, Gelmon KE,
et al. Adjuvant Endocrine Therapy for Women With Hormone Receptor-
Positive Breast Cancer: American Society of Clinical Oncology Clinical
Practice Guideline Focused Update. J Clin Oncol (2014) 32(21):2255–69.
doi: 10.1200/JCO.2013.54.2258

3. GallicchioL, LordG,TkaczukK,DantonM,Lewis LM,LimCK, et al. Association
of Tamoxifen (TAM) and TAMMetabolite Concentrations With Self-Reported
Side Effects of TAM in Women With Breast Cancer. Breast Cancer Res Treat
(2004) 85(1):89–97. doi: 10.1023/B:BREA.0000021050.92539.b0

4. Ganz PA. Impact of Tamoxifen Adjuvant Therapy on Symptoms,
Functioning, and Quality of Life. J Natl Cancer Inst Monogr (2001) 2001
(30):130–4. doi: 10.1093/oxfordjournals.jncimonographs.a003450

5. Chlebowski RT, Kim J, Haque R. Adherence to Endocrine Therapy in Breast
Cancer Adjuvant and Prevention Settings. Cancer Prev Res (Phila) (2014) 7
(4):378–87. doi: 10.1158/1940-6207.CAPR-13-0389

6. Jones ME, van Leeuwen FE, Hoogendoorn WE, Mourits MJ, Hollema H, van
Boven H, et al. Endometrial Cancer Survival After Breast Cancer in Relation
to Tamoxifen Treatment: Pooled Results From Three Countries. Breast
Cancer Res (2012) 14(3):R91. doi: 10.1186/bcr3206

7. Seoud M, Shamseddine A, Khalil A, Salem Z, Saghir N, Bikhazi K, et al.
Tamoxifen and Endometrial Pathologies: A Prospective Study. Gynecol Oncol
(1999) 75(1):15–9. doi: 10.1006/gyno.1999.5519

8. Swerdlow AJ, Jones MEBritish Tamoxifen Second Cancer Study Group.
Tamoxifen Treatment for Breast Cancer and Risk of Endometrial Cancer:
A Case-Control Study. J Natl Cancer Inst (2005) 97(5):375–84. doi: 10.1093/
jnci/dji057

9. Committee opinion. No. 601: Tamoxifen and Uterine Cancer. Obstet Gynecol
(2014) 123(6):1394–7. doi: 10.1097/01.AOG.0000450757.18294.cf
10. Fisher B, Costantino JP, Wickerham DL, Redmond CK, Kavanah M, Cronin
WM, et al. Tamoxifen for Prevention of Breast Cancer: Report of the National
Surgical Adjuvant Breast and Bowel Project P-1 Study. J Natl Cancer Inst
(1998) 90(18):1371–88. doi: 10.1093/jnci/90.18.1371

11. Runowicz CD, Leach CR, Henry NL, Henry KS, Mackey HT, Cowens-
Alvarado RL, et al. American Cancer Society/American Society of Clinical
Oncology Breast Cancer Survivorship Care Guideline. J Clin Oncol (2016) 34
(6):611–35. doi: 10.1200/JCO.2015.64.3809

12. Kim JA, Yoon S, Kim LY, Kim DS. Towards Actualizing the Value Potential of
Korea Health Insurance Review and Assessment (HIRA) Data as a Resource
for Health Research: Strengths, Limitations, Applications, and Strategies for
Optimal Use of HIRA Data. J Korean Med Sci (2017) 32(5):718–28.
doi: 10.3346/jkms.2017.32.5.718

13. Chung IY, Lee J, Park S, Lee JW, Youn HJ, Hong JH, et al. Nationwide
Analysis of Treatment Patterns for Korean Breast Cancer Survivors Using
National Health Insurance Service Data. J Korean Med Sci (2018) 33(44):e276.
doi: 10.3346/jkms.2018.33.e276

14. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al.
Coding Algorithms for Defining Comorbidities in ICD-9-CM and ICD-10
Administrative Data. Med Care (2005) 43(11):1130–9. doi: 10.1097/
01.mlr.0000182534.19832.83

15. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT,
et al. Early Breast Cancer: ESMO Clinical Practice Guidelines for Diagnosis,
Treatment and Follow-Up†. Ann Oncol (2019) 30(8):1194–220. doi: 10.1093/
annonc/mdz173

16. Neven P, Vernaeve H. Guidelines for Monitoring Patients Taking Tamoxifen
Treatment. Drug Saf (2000) 22(1):1–11. doi: 10.2165/00002018-200022010-
00001

17. Goldstein SR. Controversy About Uterine Effects and Safety of SERMs: The
Saga Continues. Menopause (2002) 9(5):381–4. doi: 10.1097/00042192-
200209000-00012

18. Barakat RR, Gilewski TA, Almadrones L, Saigo PE, Venkatraman E, Hudis C,
et al. Effect of Adjuvant Tamoxifen on the Endometrium in Women With
Breast Cancer: A Prospective Study Using Office Endometrial Biopsy. J Clin
Oncol (2000) 18(20):3459–63. doi: 10.1200/JCO.2000.18.20.3459
June 2021 | Volume 11 | Article 636378

https://www.frontiersin.org/articles/10.3389/fonc.2021.636378/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.636378/full#supplementary-material
https://doi.org/10.1093/jnci/86.7.527
https://doi.org/10.1093/jnci/86.7.527
https://doi.org/10.1200/JCO.2013.54.2258
https://doi.org/10.1023/B:BREA.0000021050.92539.b0
https://doi.org/10.1093/oxfordjournals.jncimonographs.a003450
https://doi.org/10.1158/1940-6207.CAPR-13-0389
https://doi.org/10.1186/bcr3206
https://doi.org/10.1006/gyno.1999.5519
https://doi.org/10.1093/jnci/dji057
https://doi.org/10.1093/jnci/dji057
https://doi.org/10.1097/01.AOG.0000450757.18294.cf
https://doi.org/10.1093/jnci/90.18.1371
https://doi.org/10.1200/JCO.2015.64.3809
https://doi.org/10.3346/jkms.2017.32.5.718
https://doi.org/10.3346/jkms.2018.33.e276
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.2165/00002018-200022010-00001
https://doi.org/10.2165/00002018-200022010-00001
https://doi.org/10.1097/00042192-200209000-00012
https://doi.org/10.1097/00042192-200209000-00012
https://doi.org/10.1200/JCO.2000.18.20.3459
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Choi et al. Endometrial Cancer Risk of Tamoxifen
19. Gerber B, Krause A, Muller H, Reimer T, Külz T, Makovitzky J, et al. Effects of
Adjuvant Tamoxifen on the Endometrium in Postmenopausal Women With
Breast Cancer: A Prospective Long-Term Study Using Transvaginal Ultrasound.
J Clin Oncol (2000) 18(20):3464–70. doi: 10.1200/JCO.2000.18.20.3464

20. Chu SC, Hsieh CJ, Wang TF, Hong MK, Chu TY. Younger Tamoxifen-Treated
Breast Cancer Patients Also hadHigher Risk of Endometrial Cancer and the Risk
Could be Reduced by Sequenced Aromatase Inhibitor Use: A Population-Based
Study in Taiwan. Ci Ji Yi Xue Za Zhi (2020) 32(2):175–80. doi: 10.4103/
tcmj.tcmj_17_19

21. DaviesC,PanH,Godwin J,GrayR,ArriagadaR,RainaV, et al. Long-TermEffects
of Continuing Adjuvant Tamoxifen to 10 Years Versus Stopping at 5 Years After
Diagnosis of Oestrogen Receptor-Positive Breast Cancer: ATLAS, a Randomised
Trial. Lancet (2013) 381(9869):805–16. doi: 10.1016/S0140-6736(12)61963-1

22. Gray RG, Rea D, Handley K, Bowden SJ, Perry P, Earl HM, et al. Attom: Long-
term Effects of Continuing Adjuvant Tamoxifen to 10 Years Versus Stopping
at 5 Years in 6,953 Women With Early Breast Cancer. J Clin Oncol (2013) 31
(18 suppl):5–. doi: 10.1200/jco.2013.31.18_suppl.5

23. Fleming CA, Heneghan HM, O’Brien D, McCartan DP, McDermott EW,
Prichard RS. Meta-Analysis of the Cumulative Risk of Endometrial
Malignancy and Systematic Review of Endometrial Surveillance in Extended
Tamoxifen Therapy. Br J Surg (2018) 105(9):1098–106. doi: 10.1002/bjs.10899
Frontiers in Oncology | www.frontiersin.org 9
24. DeCensi A, Puntoni M, Guerrieri-Gonzaga A, Caviglia S, Avino F, Cortesi L,
et al. Randomized Placebo Controlled Trial of Low-Dose Tamoxifen
to Prevent Local and Contralateral Recurrence in Breast Intraepithelial
Neoplasia. J Clin Oncol (2019) 37(19):1629–37. doi: 10.1200/JCO.18.01779

25. Lee Y, Park YR, Kim HR, Lee JW. Event-Free Survival Following Early
Endometrial Events in Breast Cancer Patients Treated With Anti-Hormonal
Therapy: A Nationwide Claims Data Study. Med (Baltimore) (2019) 98(2):
e13976. doi: 10.1097/MD.0000000000013976

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Choi, Lee, Jeong, Jung, Lee, Kim, Ko, Son, Ahn, Lee and Chung.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
June 2021 | Volume 11 | Article 636378

https://doi.org/10.1200/JCO.2000.18.20.3464
https://doi.org/10.4103/tcmj.tcmj_17_19
https://doi.org/10.4103/tcmj.tcmj_17_19
https://doi.org/10.1016/S0140-6736(12)61963-1
https://doi.org/10.1200/jco.2013.31.18_suppl.5
https://doi.org/10.1002/bjs.10899
https://doi.org/10.1200/JCO.18.01779
https://doi.org/10.1097/MD.0000000000013976
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Risk of Endometrial Cancer and Frequencies of Invasive Endometrial Procedures in Young Breast Cancer Survivors Treated With Tamoxifen: A Nationwide Study
	Introduction
	Materials and Methods
	Data Source and Study Population
	Variables and Operational Definitions
	Statistical Analysis

	Results
	Baseline Characteristics
	Endometrial Cancer in Breast Cancer Survivors
	Benign Endometrial Conditions in Breast Cancer Survivors
	Endometrial Cancer in Young Breast Cancer Survivors With Benign Endometrial Conditions
	Frequencies of Invasive Endometrial Procedures in Breast Cancer Survivors

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


