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Abstract

Background: Women with endometrial cancer (EC) have favorable prognoses, leav-
ing them vulnerable to the development of second primary cancers (SPCs). We inves-
tigated the SPC risk and survival outcomes among EC patients treated with surgery
alone in order to exclude the impact of adjuvant treatment on the results.

Methods: Data from the Taiwan Cancer Registry from 1995 to 2013 were analyzed.
Standardized incidence ratios (SIRs) of SPCs among EC survivors were calculated.
Results: Among 7725 women enrolled, 478 developed an SPC. The overall SIR for
SPCs in EC survivors was 2.84 (95% confidence interval [CI] 2.59-3.10) compared
with the general female population. Women diagnosed with EC at age <50 years
had a higher SIR for an SPC than those diagnosed at age >50 years (SIR = 4.38 vs.
1.28). The most frequent site of an SPC was the small intestine (SIR = 8.39, 95% CI
2.72-19.58), followed by the kidney (SIR = 4.84, 95% CI 1.78-10.54), and oral cav-
ity (SIR = 4.52, 95% CI 2.17-8.31). Women, regardless of age at EC diagnosis, had
significantly higher SIRs for subsequent breast, colorectal, lung, and thyroid cancer,
and lymphoma. Women with an SPC had shorter overall survival than those without
(5-year: 88.9 vs. 94.2%, 10-year: 71.3 vs. 89.8%, 15-year: 62.3 vs. 86.1%, and 20-
year: 47.6 vs. 81.1%, all ps<0.001).

Conclusions: Even women treated for EC with surgery alone, especially young EC
survivors, had an increased risk of SPCs. Genetic counseling/testing is recommended
for young EC patients, and all are recommended to receive regular surveillance and

screening for breast, colorectal, and lung cancers.

KEYWORDS

endometrial cancer, genetic testing, lynch syndrome, second primary cancer, standardized incidence
ratio

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2021 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Cancer Medicine. 2021;10:6845-6854.

wileyonlinelibrary.com/journal/cam4 6845


www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-1330-5319
mailto:﻿
https://orcid.org/0000-0002-3282-6304
http://creativecommons.org/licenses/by/4.0/
mailto:wenfangcheng@yahoo.com

LAIET AL.

6846 .
—I—Wl LEY_Cancer Medicine _

1 | INTRODUCTION

Endometrial cancer (EC) is the most common cancer of the
female reproductive tract and one of the few cancers with
increasing incidence and mortality.'™ In the United States,
uterine corpus cancer incidence rates increased 0.7% per
year from 1999 to 2015, and mortality rates increased 1.1%
per year from 1999 to 2016.% This trend has also been ob-
served in Asian countries.*® In Taiwan, the age-adjusted
incidence rate of endometrioid EC increased from 0.83 per
100,000 women per year between 1979 and 1983 to 7.50
per 100,000 women per year between 2004 and 2008.° It
is noteworthy that Asian women were younger at diagno-
sis of EC and had better outcomes compared with Western
patients.5 d

Cancer survivors are at increased risk of developing sub-
sequent cancers compared with the general population.8 As
EC survivors have relatively long-term survival, information
about the risk of second primary cancers (SPCs) following
EC is essential, and there is an urgent need for evidence-
based guidelines for routine surveillance and screening for
subsequent malignancies among EC patients. The risk of an
SPC might be increased due to shared genetic and/or envi-
ronmental risk factors common to both cancers. For exam-
ple, Lynch syndrome is an autosomal dominant hereditary
disorder associated with an increased probability of devel-
oping certain types of cancer, including EC and colorectal
cancelr,9 and SPC can be a late effect of treatment modalities
administered for primary cancer, especially radiotherapy. 10-15
Postoperative radiotherapy is considered among EC patients
with selected pathologic risk factors. Numerous studies have
reported increased risks of SPCs among women with EC, and
have emphasized the role of radiotherapy in the underlying
mechanism of subsequent cancers after EC.!e2!

To our knowledge, there is no study that has evaluated the
risk of an SPC among the EC patients who received surgery
without any adjuvant treatment. The objective of the present
study was to explore the probability of developing an SPC,
the prevalences of specific cancer types, and the survival out-
comes of the EC patients treated with surgery alone.

2 | MATERIALS AND METHODS

2.1 | Data collection

This study was approved by the National Taiwan University
Hospital Research Ethics Committee. A total of 18,236
women with the diagnosis of primary uterine corpus cancer
(ICD-0, 182 or C54) were retrieved from the Taiwan Cancer
Registry (TCR) database from January 1, 1995 to December
31, 2013. The disease codes were based on the International
Classification of Diseases for Oncology (ICD-O). Since

2002, ICD-0-3 instead of ICD-O-FT has been used for cod-
ing the site and the histology of the neoplasm, usually ob-
tained from a pathology report. Therefore, all cancer types
before 2002 were converted to ICD-O-3 codes for the anal-
ysis. The flowchart of the cohort selection of this study is
shown in Figure 1. The exclusion criteria included patients
identified with non-EC uterine corpus cancer (n = 4323),
patients with EC who received primary surgery followed
by adjuvant treatment (n = 5030), patients with EC who re-
ceived nonsurgical primary treatment (n = 591), and patients
with EC who did not receive primary treatment (n = 567).
Primary treatment was defined as the treatment administered
to patients within 12 months after the initial diagnosis. In
addition, patients who did not receive chemotherapy, radio-
therapy, chemoradiotherapy, hormonal therapy, or targeted
therapy within 12 months after diagnosis of EC were defined
as not having adjuvant treatment. Finally, the remaining 7725
patients diagnosed with EC who received primary surgery
alone were eligible for this study. We also identified which
of these 7725 patients were diagnosed with SPCs in different
organs or tissues after the diagnosis of EC. We followed the
SPC occurrences for all EC cases until December 31, 2015.
Patients diagnosed with subsequent cancers within 2 months
of the initial EC diagnosis were excluded.

The TCR is a population-based cancer registry founded
by the Ministry of Health and Welfare of the central gov-
ernment, Taiwan in 1979. All newly diagnosed malignant
neoplasms from hospitals with greater than 50-bed capac-
ity have been reported to the registry. Passive follow-up was
conducted using the national death certificate database main-
tained by the Department of Statistics, Ministry of Health and
Welfare, Taiwan. The duration of survival for each case was
determined as the time from the date of initial diagnosis to
the date of death, or date of follow-up termination (December
31, 2015), whichever came first.

18,236 uterine corpus cancer patients identified from
Taiwan Cancer Registry Database between 1995 and 2013

—— Exclude 4,323 non-endometrial cancer

13,913 patients with endometrial cancer

Exclude 6,188 endometrial cancerincluding

» 5,030 primary surgery with adjuvant treatment
* 591 non-surgery primary treatment

* 567 no primary treatment

7,725 endometrial cancer treated with primary surgery alone

FIGURE 1
treatment included chemotherapy, radiotherapy, chemoradiotherapy,

Flowchart of cohort selection of this study. (Adjuvant

immunotherapy, hormonal therapy, and targeted therapy)
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2.2 | Statistical analysis

Standardized incidence ratios (SIRs) and the corresponding
95% confidence intervals (CIs) of SPCs among EC survivors
were analyzed to quantify the relative risk compared with
cancers among women in the general female population by
the exact method.”> The SIR was calculated as the ratio of
the observed number of cases in the study cohort to the ex-
pected number of cases in the reference population, assum-
ing the patients in the study cohort demonstrated cancer rates
equivalent to those for individuals in the general female pop-
ulation. The expected number of cases was computed using
age-specific rates from a reference population, weighted
according to the age structure of the study population. The
number of person-years at risk (PYRs) was defined as the
number of years from the date of diagnosis of EC to the date
of death, date of SPC diagnosis, or the date of follow-up ter-
mination, whichever occurred first. The PYRs and observed
cases of cancer were stratified according to 5-year age groups
and calendar year. Cancer incidence rates were computed for
each second cancer site according to age and calendar year
and were multiplied by the accumulated PYRs to estimate
the expected number of subsequent cancers for each stratum.
The SIRs of SPCs of EC women were estimated by age at
EC diagnosis (<50 years or >50 years), and its confidence
intervals were based on the assumed Poisson distribution of
second primary cancer cases. Additionally, cumulative inci-
dence analysis was performed to estimate the cumulative risk

TABLE 1 Characteristics of 7725
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of SPCs. Kaplan—Meier survival curves were calculated for
all EC patients with or without an SPC and stratified by age
at EC diagnosis (<50 years or >50 years). Differences be-
tween the two age groups were assessed using a log-rank test.
Two-tailed p values <0.05 were considered statistically sig-
nificant. All statistical analyses were conducted using SAS
software 9.4 version (SAS® Institute Inc., Cary, NC).

3 | RESULTS

3.1 | Patient characteristics

A total of 7725 women with an initial diagnosis of EC treated
with primary surgery alone without any adjuvant treatment
including chemotherapy, radiotherapy, chemoradiotherapy,
immunotherapy, targeted therapy, and hormone therapy
were recruited in this study. As shown in Table 1, the me-
dian follow-up period was 82 months. The median age at in-
itial diagnosis of EC was 52 years, and 2962 (38.3%) women
were diagnosed with EC when younger than 50 years old.
There were 478 (6.19%) women who developed an SPC dur-
ing 61,173 person-years of follow-up, including 119 diag-
nosed with EC at age <50 years and 359 diagnosed with
EC at age >50 years. The median age at diagnosis of the
SPC was 61 years and the median interval from the initial
diagnosis of EC to the diagnosis of the second cancer was
64 months.

A
en.dometrial cancer pat.ients .treated with All Age <50 years Zif) vears
primary surgery alone in Taiwan between
1995 and 2013 Patients with endometrial cancer 7725 (100%) 2962 (38.3%) 4763 (61.7%)

(%)
Year of endometrial cancer diagnosis
1995-1999 863 385 478
2000-2004 1520 656 864
2005-2009 2542 978 1564
2010-2013 2800 943 1857
Age at diagnosis of endometrial 52 (18-93) 44 (18-49) 57 (50-93)
cancer, median (range, years)
Patients with a second primary 478 (100%) 119 (24.9%) 359 (75.1%)
cancer (%)
Age at diagnosis of second 61 (31-94) 51 (31-64) 65 (50-94)
primary cancer, median
(range, years)
Median interval between 64 (2-239) 75 (3-239) 63 (2-233)
endometrial cancer and
second primary cancer
(range, months)
Median follow-up (range, 82 (0-251) 95 (1-251) 75 (0-251)

months)
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3.2 | Risk of second primary cancers
classified by location

SIRs and the corresponding 95% Cls for SPCs at differ-
ent anatomical sites were further calculated. As shown in
Table 2, the overall SIR for an SPC in EC survivors was
2.84 (95% C12.59-3.10). There was a significantly increased
risk of cancers of the following sites/types: small intestine
(SIR = 8.39, 95% CI 2.72-19.58), kidney (renal cell carci-
noma, RCC) (SIR = 4.84, 95% CI 1.78-10.54), oral cavity
and pharynx (SIR = 4.52, 95% CI 2.17-8.31), lymphoma
(SIR = 4.32, 95% CI 2.71-6.54), renal pelvis (transitional

cell carcinoma, TCC) (SIR = 4.18, 95% CI 2.16-7.30), colo-
rectal (SIR = 4.18, 95% CI 3.39-5.10), lung (SIR = 3.94,
95% CI 3.03-5.04), thyroid gland (SIR = 3.55, 95% CI12.32—
5.20), pancreas (SIR = 3.43, 95% CI 1.65-6.31), leukemia
(SIR = 3.33, 95% CI 1.66-5.97), breast (SIR = 3.15, 95%
CI 2.60-3.79), liver (SIR = 2.51, 95% CI 1.77-3.44), stom-
ach (SIR = 2.34, 95% CI 1.34-3.81), and skin (SIR = 2.11,
95% CI 1.09-3.69) cancers (Table 2). Among the colo-
rectal cancers, the SIR was highest in the ascending colon
(SIR =791, 95% CI 5.41-11.17) followed by the transverse
colon (SIR = 3.85, 95% CI 1.76-7.30), and descending colon
(including rectum) (SIR = 3.35, 95% CI 2.49-4.40). With

TABLE 2 Risk of second primary cancers after diagnosis of endometrial cancer with primary surgery alone in Taiwan between1995 and 2013

All (N = 7725)

Age <50 years (N = 2962)

Age >50 years (N = 4763)

Location SIR (O/E) 95%CI SIR (O/E) 95%CI1 SIR (O/E) 95%CI1
Oral cavity & pharynx 4.52 (10/2.21) 2.17-8.31 5.99 (2/0.33) 0.73-21.63 2.12 (8/3.77) 0.92-4.18
Major salivary gland 4.35 (2/0.46) 0.53-15.73 — — 3.57 (2/0.56) 0.43-12.90
Nasopharynx 1.45 (3/2.01) 0.30-4.24 — — 1.34 (3/2.25) 0.28-3.90
Stomach 2.34 (16/6.83) 1.34-3.81 2.82(2/0.71) 0.34-10.17 1.08 (14/12.94) 0.59-1.82
Small intestine 8.39 (5/0.60) 2.72-19.58 64.79 (4/0.06) 17.65-165.88 0.88 (1/1.13) 0.02-4.93
Colorectum 4.18 (97/23.20) 3.39-5.10 14.39 (29/2.02) 9.64-20.67 1.49 (68/45.61) 1.16-1.80
A-colon 7.91 (32/4.04) 5.41-11.17 34.07 (8/0.23) 14.71-67.13 2.85 (24/8.43) 1.82-4.23
T-colon 3.85(9/2.34) 1.76-7.30 18.60 (4/0.22) 5.07-47.61 1.10 (5/4.55) 0.36-2.56
D-colon and rectum 3.35 (51/15.22) 2.49-4.40 9.74 (14/1.44) 5.32-16.34 1.26 (37/29.46) 0.88-1.73
Anus 8.15 (2/0.25) 0.99-29.45 — — 4.14 (2/0.48) 0.50-14.96
Unspecified site 2.23 (3/1.34) 0.46-6.53 28.24 (3/0.11) 5.82-82.52 — —
Liver 2.51(38/15.17) 1.77-3.44 8.61 (6/0.70) 3.16-18.74 0.99 (32/32.37) 0.68-1.40
Gallbladder 2.11(4/1.89) 0.58-5.41 36.98 (3/0.08) 7.63-108.08 0.25 (1/4.06) 0.01-1.37
Pancreas 3.43 (10/2.91) 1.65-6.31 18.59 (3/0.16) 3.83-54.32 1.15 (7/6.10) 0.46-2.36
Nasal cavity 3.45 (1/0.29) 0.09-19.21 — — 2.35(1/0.43) 0.06-13.07
Lung 3.94 (63/15.99) 3.03-5.04 7.91 (9/1.14) 3.62-15.02 1.66 (54/32.46) 1.25-2.17
Adenocarcinoma 4.15 (46/11.07) 3.04-5.54 8.75 (5/0.57) 2.84-20.41 2.27 (36/14.86) 1.39-3.14
Small cell carcinoma  4.42 (2/0.45) 0.53-15.95 — — 2.41 (2/0.83) 0.29-8.72
SCC 3.11 (4/1.29) 0.85-7.97 — — 2.48 (6/2.42) 0.91-5.40
Breast 3.15 (115/36.47) 2.60-3.79 4.38 (31/9.36) 3.63-5.24 1.82 (84/46.23) 1.45-2.25
Vagina/vulva 3.98 (3/0.75) 0.82-11.65 — — 2.28 (3/1.32) 0.47-6.65
Kidney (RCC) 4.84(6/1.24) 1.78-10.54 12.64 (2/0.16) 1.53-45.64 1.80 (4/2.23) 0.49-4.60
Renal pelvis (TCC) 4.18(12/2.87) 2.16-7.30 22.68(2/0.09) 2.75-81.93 1.58 (10/6.31) 0.76-2.91
Bladder 2.09 (6/2.87) 0.77-4.56 7.61 (1/0.13) 0.19-42.41 0.82 (5/6.12) 0.27-1.91
Brain 2.82 (4/1.42) 0.77-7.21 2.34(1/0.43) 0.06-13.02 1.95 (3/1.54) 0.40-5.69
Thyroid gland 3.55 (26/7.33) 2.32-5.20 4.82 (12/2.49) 2.49-8.41 2.07 (14/6.77) 1.13-3.47
Skin 2.11 (12/5.68) 1.09-3.69 6.20 (3/0.48) 1.28-18.11 0.80 (9711.21) 0.37-1.52
Leukemia 3.33 (11/3.30) 1.66-5.97 2.41 (2/0.83) 0.29-8.72 2.12 (9/4.25) 0.97-4.02
Lymphoma 4.32 (22/5.09) 2.71-6.54 5.01 (4/0.80) 1.36-12.82 2.11 (18/8.54) 1.25-3.33
Total 2.84 (478/168.55) 2.59-3.10 4.38 (119/27.16) 3.63-5.24 1.28 (359/279.89) 1.15-1.42

Bold type indicates statistical significance.

Abbreviations: CI, confidence interval; O/E, ratio of the observed number of second primary cancers to the number of expected cancers; RCC, renal cell carcinoma;

SCC, squamous cell carcinoma; SIR, standardized incidence ratio; TCC, transitional cell carcinoma.
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respect to the different histologic types of lung cancer, lung
adenocarcinoma was the most common histologic type, ac-
counting for 73% (46/63) of all second primary lung cancers.

3.3 | Risk of second primary cancers
classified by age at diagnosis of EC

We further evaluated the risk of SPCs in different age
groups. As shown in Table 2, women diagnosed with EC at
age <50 years had a higher risk of developing an SPC than
those diagnosed at age >50 years (SIR = 4.38 vs. 1.28).
There were six types of cancer that showed significantly
higher SIRs in women diagnosed with EC at age <50 years,
but not in those diagnosed at age >50 years, including those
of the small intestine (SIR = 64.79, 95% CI 17.65-165.88),
kidney (SIR = 12.64, 95% CI 1.53-45.64), renal pelvis
(SIR = 22.68, 95% CI 2.75-81.93), liver (SIR = 8.61, 95%
CI 3.16-18.74), pancreas (SIR = 18.59, 95% CI 3.83-54.32),
and skin (SIR = 6.20, 95% CI 1.28-18.11) (Table 2). There
were five types of cancer, including colorectal cancer, lung
cancer, breast cancer, thyroid cancer, and lymphoma, that
showed significantly higher SIRs regardless of age. The
SIRs of these five types were higher in EC patients diag-
nosed at age <50 years than in EC patients diagnosed at age
>50 years. In the analysis stratified by the subsites of colo-
rectal cancer, the SIRs of ascending colon cancer were higher
in EC patients diagnosed at age <50 years than in EC patients
diagnosed at age >50 years (SIR = 34.07 vs. 2.85). The SIRs
of transverse and descending colon cancers were only signifi-
cantly higher in women diagnosed with EC at age <50 years.
Similarly, the SIR of lung adenocarcinoma was also higher in
EC patients diagnosed at age <50 years than those diagnosed
at age >50 years (SIR = 8.23 vs. 1.75).

3.4 | Cumulative incidence rates of second
primary cancers in EC patients

The estimated risks of developing SPCs in EC survivors
treated with primary surgery alone were further evaluated.
As shown in Table 3, the overall cumulative incidence rates
of all second primary cancers at 5, 10, 15, and 20 years were
3.3%,7.2%, 12.2%, and 18.7%, respectively. The cumulative
incidence rates were higher in EC patients diagnosed at age
>50 years than in EC patients diagnosed at age <50 years
4.3%vs. 1.9%,9.6% vs. 4.0%, 15.9% vs. 7.4%, and 23.9% vs.
12.6% at 5, 10, 15, and 20 years, respectively; all p<0.001;
Figure 2A). When focusing on five types of cancers with
significantly higher SIRs in both age groups, four cancers
(all but thyroid cancer) had significantly higher cumula-
tive incidence rates among EC patients diagnosed at age
>50 years, including colorectal cancer (Figure 2B), lung
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adenocarcinoma (Figure 2C), breast cancer (Figure 2D), and
lymphoma (Figure 2E), compared with EC patients diag-
nosed at age <50 years (for 20 years of follow-up, colorec-
tal cancer 5.7 vs. 2.1%, lung adenocarcinoma 3.0% vs. 0.5%,
breast cancer 3.6% vs. 2.5%, and lymphoma 1.3% vs. 0.8%;
all p<0.05). The cumulative incidences of thyroid cancer
were similar between the two age groups (Figure 2F).

3.5 | Overall survival rates of EC patients
with or without second primary cancers

The 5-, 10-, 15-, and 20-year overall survival (OS) rates of
women after the diagnosis of EC were 94.2%, 89.8%, 86.1%,
and 81.1%, respectively (Figure 3A). Women diagnosed with
EC at age <50 years had significantly higher OS rates than
those diagnosed at age >50 years (5-year 97.0 vs. 92.4%,
10-year 94.5 vs. 86.7%, both ps <0.001, Figure 3A). Among
the women with SPCs after EC, the 5-, 10-, 15-, and 20-year
OS rates were 88.9%, 71.3%, 62.3%, and 47.6%, respectively
(Figure 3B). Among these women with SPCs, significantly
higher OS rates were observed in patients diagnosed with EC
at age <50 years than in patients diagnosed with EC at age
>50 years (5-year 92.4 vs. 87.7%, 10-year 80.5 vs. 68.2%, p
<0.001, Figure 3B). The OS rates of EC survivors with SPCs
(5-year 88.9, 10-year 71.3%, 15-year 62.3 and 20-year 47.6
were significantly lower and declined sharply 5 years after
the diagnosis of EC compared with survivors without SPCs
(5-year 94.2%, 10-year 89.8%, 15-year 86.1% and 20-year
81.1%) (p<0.0001, Figure 3B).

3.6 | Overall survival rates
after the diagnosis of second primary cancers
in EC survivors

Finally, we evaluated the survival of EC survivors after the
diagnosis of SPC. The 5-year and 10-year OS rates of these
women after the diagnosis of the SPCs were 65.4% and
57.1%, respectively (Figure 3C). The women diagnosed with
EC at age <50 years (5-year 70.9% and 10-year 68.6%) had
significantly higher OS rates after SPCs than those diagnosed
with EC at age >50 years (5-year 63.6% and 10-year 52.7%)
(p = 0.044, Figure 3C).

4 | DISCUSSION

Asian women were younger at the diagnosis of endometrial
cancer. The age of diagnosis for EC differed between Asian
and western countries. Of the women in this study cohort,
38.3% was diagnosed at age <50 years. Several other investi-
gators have reported results similar to ours.**""#* However,
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TABLE 3 Cumulative incidence rates of second primary cancers of endometrial cancer patients after 5, 10, 15, and 20 years of follow-up

5 years 10 years 15 years 20 years
Age Age Age Age Age Age Age Age
All <50 >50 All <50 >50 All <50 >50 All <50 >50
All second primary 33 1.9 43 7.2 4.0 9.6 12.2 74 15.9 18.7 12.6 23.9
cancers
Major sites
Colorectal cancer 0.7 0.4 0.9 1.6 1.2 1.8 2.6 1.5 3.6 3.9 2.1 5.7
Lung adenocarcinoma 0.3 0.1 0.4 0.6 0.2 0.9 1.5 0.5 2.4 1.8 0.5 3.0
Breast cancer 0.9 0.6 1.1 1.7 0.8 24 3.0 2.2 3.6 32 2.5 3.6
Lymphoma 0.1 0.0 0.2 0.3 0.1 0.5 0.6 0.1 1.0 1.1 0.8 1.3
Thyroid cancer 0.2 0.2 0.2 0.4 0.5 0.4 0.5 0.5 0.6 22 39 0.6
(A) (B) (€)
28 Age <50 107 Age <50 5 L Age <50
£ ] Age 250 £ Age 250 g Age 250
T All g All 3 All
B s 5
g 15 8 8
g g 5 § 5
T - 2 2
3 s 3 ]
g : :
o o 5
LR . s ’ : 0% T T T T 0
0 H i) 15 20 0 5 10 18 20 o s A8 18 A
Follow-up duration {years) Follow-up duration (years) Follow-up duration (years)
D) (E) (F)
MY — Age <50 10 Age <50 104 Age <50
£ Age 250 § ::e'l" 250 g Age 250
& All 5 e Al
% T T
L 2 8
2 £ E
: £ £
8 = ‘__.E':*":,‘__': s
0= . r . - L —_— T T T 0 — 1 - v
[} -1 1d 15 i} [ 5 10 15 20 L] 5 0] 15 20

Follow-up duration (years)

Follow-up duration (years)

Follow-up duration (years)

FIGURE 2 Cumulative incidences of EC patients with respective second primary cancer. (A) All second primary cancers, (B) colorectal

cancer, (C) lung adenocarcinoma, (D) breast cancer, (E) lymphoma, (F) thyroid cancer

less than 25% of EC is diagnosed before menopause in west-
ern countries.”*>?® Asian women also have more favorable
outcomes than non-Asian women.>’ Molecular alterations
involved in the pathogenesis of EC may contribute to ra-
cial differences.?’ The incidence of pS3 overexpression was
higher in African Americans than in Caucasians, and PTEN
mutations were fourfold more frequent in Caucasians relative
to African Americans.?® These findings suggest that molecu-
lar alterations could be one explanation for racial differences
in survival.**>! However, no comprehensive information of
molecular alterations in Taiwanese patients with EC has been
investigated. Further studies on detailed molecular alterations

in EC and environmental risk factors are warranted to eluci-
date the etiology of racial disparities in the age of onset and
survival.

Women with EC have a greater tendency to develop sub-
sequent cancers than does the general female population. The
overall risk of developing SPCs among all women diagnosed
with EC was higher than in the general female population,
especially in women younger than 50 years old in our se-
ries and in several other studies.'*! Two analyses using the
SEER database showed that elevated overall risk for a sec-
ond primary cancer among all EC survivors was limited to
women less than 50 years old and black women.'>'® Further
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FIGURE 3 Overall survival rates of EC patients from the diagnosis of EC and from the diagnosis of second primary cancers stratified by age
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from the time of diagnosis of EC, (C) EC patients with second primary cancers, from the time of diagnosis of second primary cancers

investigations are recommended to evaluate whether race and
other confounding factors, including genetic and environ-
mental factors, influence the development of SPCs among
EC survivors.

EC survivors had higher risks of developing several types
of SPCs. The small intestine was the most common site of
cancer subsequent to treatment for EC in our series and other
investigators’ studies.'®!***2 The increased probability of
developing small intestine cancers was limited to women di-
agnosed with EC at age <50 years in our study and the other
two studies.'®*! Inherited susceptibility syndromes including
Lynch syndrome probably contribute to the elevated risk of
small intestine cancer.”

Young women who had survived EC and were less than
50 years old had increased risks of developing SPCs in
many organs. In addition to small intestine cancer men-
tioned above, subsequent kidney, renal pelvis, pancreas,
liver, skin, transverse colon, and descending colon cancer

also occurred only among women diagnosed with EC at
age <50 years in this study. Other studies found results
similar to ours for some organs, especially the colon and
rectum.'”'®! Young EC survivors’ higher risks for spe-
cific cancer types may be due to genetic predisposition.
Predisposition to the early onset of certain types of primary
cancers may be caused by germline mutations in DNA mis-
match repair (MMR) genes or deletions in the EPCAM
gene.33’34 Win et al. estimated the risks of subsequent can-
cers following an initial EC for women carrying MMR
gene mutations, and they observed an increased risk for a
wide range of cancers, including colorectal cancer, kidney
cancer, renal pelvis cancer, ureter cancer, urinary bladder
cancer, and breast cancer compared with the general pop-
ulation.” The prevalence of Lynch syndrome in Taiwanese
women has not been estimated. However, this genetic as-
sociation can provide insight into the increased risk of
specific malignancies in young EC survivors. Diagnosis of
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Lynch syndrome is based on a combination of clinical phe-
notype, routine tumor pathology, and/or genetic screening
practices.” Therefore, we recommend genetic counseling
for women diagnosed with EC at age <50 years or who
have a family history of genetic diseases like Lynch syn-
drome. If a woman with EC is identified as having Lynch
syndrome, screening strategies including annual colonos-
copy and urine cytology coupled with ultrasound should
be initiated.”

Women treated for EC had increased risks of develop-
ing subsequent breast, colorectum, lung, lymphoma, and
thyroid gland cancers regardless of their age at diagnosis
(<50 or >50 years). Colorectal cancer occurred more com-
monly among women diagnosed with EC at age <50 years.
In addition, the risk of ascending colon cancer was highest
followed by transverse colon cancer and descending colon
cancer. Women who were >50 years old at EC diagnosis
had an increased risk of developing colorectal cancer only of
the ascending colon, not the transverse or descending colon,
in our series. Our results are inconsistent with the previous
studies. Some investigators did not observe an elevated risk
of colorectal cancer among women treated for EC.**%7 we
speculate that the discrepant results may be due to the dif-
ferent study methodologies. The majority of previous stud-
ies used cancer registry databases without a control group.
Therefore, they had limited ability to adjust potential con-
founding variables such as nonsteroidal anti-inflammatory
drug therapy, diabetes mellitus, body mass index, hormonal
replacement therapy, oral contraceptive use, and family his-
tory of colorectal cancer. One limitation of this study is that
we also obtained information from a population-based cancer
registry database, and thus were also unable to adjust for such
confounding factors.

Several potential mechanisms may contribute to the in-
creased risk of colorectal cancer among EC survivors,
including hereditary association and multiple metabolic
syndromes, especially diabetes and obesity, which are also
prevalent in EC survivors.*® Demb et al. investigated the risk
factors for colorectal cancer by anatomic site and found that
diabetes prevalence is most significantly associated with in-
creased risk of ascending colon cancer, compared with distal
or rectal cancer.* Obesity was associated with increased risk
of colorectal cancer, regardless of site 4042

Lung cancer, especially lung adenocarcinoma, and
breast cancer were another two common SPCs among
women treated for EC, especially in younger EC survivors.
EC and breast cancer share some risk factors, such as nulli-
parity and exposure to estrogen.“’44 Furthermore, Cowden
syndrome and Lynch syndrome are genetic disorders
considered to be involved in the pathogenesis of EC and
breast cancer.***® A Western lifestyle with a more highly
caloric and higher fat diet, reduced fertility rates, and de-
layed childbearing has been associated with prolonged

stimulation by endogenous estrogen.47 With regard to
exogenous estrogen, higher daily intake of certain indus-
trial environmental pollutants with estrogenic effects has
been reported in Taiwan.*® These findings can potentially
contribute to EC and increased risk of subsequent breast
cancer. Although the risks of lung and thyroid cancer and
lymphoma significantly increased among all EC survivors,
no environmental risk factor or genetic association between
EC and these cancers has been reported.

Radiation exposure is a known risk factor for cancer de-
velopment. EC patients often receive adjuvant radiotherapy
to the pelvis for local control. Several researchers reported
that radiotherapy to the pelvis increases the risk of SPCs,
particularly for cancers closer to the uterus, including colon,
rectum and bladder cancers, and leukemia. 10-16 1 this study,
we excluded EC patients who received adjuvant radiotherapy
to avoid the influence of adjuvant irradiation in the EC survi-
vors. Further study is mandatory to investigate the late effect
of pelvic irradiation on the SPCs of primary EC survivors.

Younger women diagnosed with EC had better survival
outcomes compared with older women. Pellerin et al. also
reported that EC patients younger than 45 years of age had a
lower incidence of advanced stage disease, a higher degree of
tumor differentiation, and a better prognosis compared with
patients older than 45 years.49 The survival outcome was
poorer among EC patients with an SPC compared with EC
patients without an SPC, particularly at 5 years after the di-
agnosis of EC. The reason for this delay may be that women
with early mortality due to EC do not have a chance to de-
velop an SPC.'® Another explanation is that younger women
with EC have better performance status than older women.
Truong et al. have shown that age and Karnofsky perfor-
mance status are two significant predictors of overall survival
in women with EC.*

The strength of this study is that our results were based
on a high-quality population-based database from the TCR.
Therefore, there was a low possibility of selection bias. This
information is useful for the consultation about the survival
outcomes and surveillance of EC patients. The limitation
of this study is that it was a retrospective database study.
Therefore, we do not have information on the lifestyles, fam-
ily histories, or genetic risk factors of these women treated for
EC. Another weakness is the limited information on the stage
and histologic type of EC.

In conclusion, our results indicate that women treated for
EC even with surgery alone are at increased risk of many
kinds of SPCs possibly caused by genetic and environmental
factors. Women diagnosed with EC at age <50 years had a
higher probability of developing subsequent cancer after EC
compared with women diagnosed with EC at age >50 years.
Breast, colorectal, lung, and thyroid gland cancer and lym-
phoma were the five SPCs that developed in all populations
regardless of age (<50 or >50) at diagnosis. Appropriate
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genetic counseling and testing are recommended for young
women with EC. All women treated for EC are recommended
to receive regular surveillance screening for breast, colorec-
tal, and lung cancers.
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