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Assessment of Five-Year Relative Survival of Patients
With Endometrial Cancer: A Period Analysis
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Abstract

Background: Endometrial cancer is one of the most common female
cancers globally and in China. Although timely assessment of 5-year
relative survival is crucial for guiding secondary prevention and early
screening programs for endometrial cancer patients, those kinds of
data are scarce in China. We aimed to provide a timely and accurate
assessment of S-year relative survival for patients with endometrial
cancer from eastern China.

Methods: Overall, 945 patients diagnosed with endometrial cancer
during 2004 - 2018 from four cancer registries with high-quality data
from Taizhou, eastern China were included. Period analysis was used
to calculate 5-year relative survival for overall and the stratification
by age at diagnosis and region. Model-based period analysis was used
to predict the 5-year relative survival for the upcoming period of 2019
-2023.

Results: We found that 5-year relative survival during 2014 - 2018
reached 86.4% for overall, while urban areas had higher survival
compared to rural areas (91.3% vs. 85.3%). Furthermore, there was
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a clear age gradient, decreasing from 89.3% for age < 55 years to
80.5% for age > 74 years. Predicted 5-year relative survival for the
upcoming period 2019 - 2023 could reach 88.4%.

Conclusions: We provide, a timely and accurate assessment of 5-year
relative survival for patients with endometrial cancer from Taizhou,
eastern China, reaching 86.4% for overall. Our finding has important
implications for the overall evaluation of early detection and screen-
ing programs for patients with endometrial cancer in eastern China.

Keywords: Endometrial cancer; 5-year relative survival; Cancer reg-
istry; Period analysis

Introduction

Endometrial cancer is a group of epithelial malignant tumors
that occur in the endometrium. According to the Global Cancer
Statistics 2020, there were 417,000 new endometrial cancer
cases and 97,000 related deaths in 2020, making it the second
most common cancer of the female reproductive system [1].
In 2015, there were 63,000 new cases and 22,000 deaths due
to endometrial cancer in China [2]. From 2010 to 2014, endo-
metrial cancer ranked eighth in terms of cancer incidence and
13th in terms of mortality among women in Zhejiang Province,
China, with incidence and mortality rates of 9.46 and 2.72 per
100,000 women, respectively [3]. In Taizhou, the incidence of
endometrial cancer increased from 4.73 per 100,000 women in
2010 to 7.69 per 100,000 women in 2016, with a rapid increase
in incidence and a trend toward younger age of onset, posing a
significant threat to women’s health [4].

Population-based cancer registration enables regular
monitoring of cancer incidence, mortality, and prognosis. A
key indicator for evaluating cancer prognosis is the relative
survival, such as the 5-year relative survival. Currently, there
are various methods for evaluating the 5-year relative survival
of tumors, including the cohort method, complete method, and
period analysis [5]. The period analysis was initially proposed
by Professor Brenner in 1996, and in 2006, he proposed a mod-
el-based period analysis to predict the long-term survival of
cancer patients in the upcoming years [6, 7]. The period analy-
sis has been widely used in Europe and has become the “gold
standard” for evaluating the 5-year relative survival of cancer
[8-10]. Studies have demonstrated that the period analysis is su-
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Table 1. lllustration of Data Used to Calculate the 5-Year Relative Survival Estimates for Patients Diagnosed in 2004 - 2008, 2009

- 2013, and 2014 - 2018 Periods by Period Analysis

Diag-

Follow-up year

nosis 2004 2005 2006 2007 2008 2009 2010

2011 2012 2013 2014 2015 2016 2017 2018

2001 3/4 4/5 5

2002 2/3 3/4 4/5 5

2003 172 2/3 3/4 4/5 5

2004 1 1/2 2/3 3/4 4/5 5

2005 1 12 2/3 3/4 4/5 5
2006 1 172 2/3 3/4 4/5
2007 1 1/2 2/3 3/4
2008 1 172 2/3
2009 1 172
2010 1
2011

2012

2013

2014

2015

2016

2017

2018

4/5 5
3/4 4/5 5
2/3 3/4 4/5 5
1/2 2/3 3/4 4/5 5
1 12 2/3 3/4 4/5 5
1 172 2/3 3/4 4/5 5
1 1/2 2/3 3/4 4/5 5
1 12 2/3 3/4 4/5
1 172 2/3 3/4
1 1/2 2/3
1 12

The numbers within the cells indicate the years of follow-up since diagnosis.

perior to the traditional cohort method as it provides timely and
accurate 5-year relative survival for cancer patients [11]. Our
group confirmed, for the first time in China using period analy-
sis, the superiority of the period analysis over the cohort method
for endometrial cancer patients during 2009 - 2013 since 5-year
relative survival estimated by period analysis (89.6%) was much
closer to the observed survival (88.6%), compared to those esti-
mated by traditional cohort method (79.4%) [5].

Although timely evaluation of the long-term survival of
endometrial cancer is crucial for guiding secondary prevention
and early screening programs, data are scarce on the 5-year rela-
tive survival for endometrial cancer in China. Therefore, this
study aimed to provide the most up-to-date (during 2014 - 2018)
5-year relative survival data for endometrial cancer patients from
Taizhou, eastern China using period analysis and to predict fu-
ture survival during the upcoming 2019 - 2023 period using the
model-based period analysis and the survival data during three
continuous periods (2004 - 2008, 2009 - 2013, and 2014 - 2018).

Materials and Methods

Data source

While data on patients diagnosed with endometrial cancer
were provided by nine cancer registries in Taizhou, data from
four of those registries (Luqiao, Yuhuan, Xianju, Wenling)
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were selected for further analyses based on the criterion of
“death certificate only (DCO)” cases less than 13%, covering a
total population of 2.6 million. Cases coded as C54-C55 were
identified as endometrial cancer according to the International
Classification of Diseases (ICD-10) and the International Clas-
sification of Oncology (ICD-O-3).

Follow-up and quality control

All cancer registries used a combination of active and passive
follow-up to determine survival information of endometrial
cancer patients, and follow-up information was updated until
December 31, 2018 (Table 1). The patient selection process
is illustrated in Figure 1. A total of 1,148 patients with endo-
metrial cancer were initially enrolled in four cancer registries
during 2004 - 2018. After careful examination, we excluded 26
cases with missed follow-up, 35 cases with unknown records,
and 114 cases with DCO > 13% from the analyses. The quality
of the remaining data was further evaluated using IARCerg-
Tools, resulting in the removal of 28 cases with logical errors.
Overall, 945 eligible cases were included in the survival analy-
ses, comprising 67 cases from 2004 to 2008, 389 cases from
2009 to 2013, and 489 cases from 2014 to 2018.

Although the data from nine cancer registries from Taizhou,
Eastern China were completely anonymous, and their use did
not entail ethical problems, the data use for this study were ap-
proved and the written informed consent was also exempt by the
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Cases data were provided by 9 cancer registries

in Taizhou, from 2004 to 2018

Eligible registries for the study

_ Registries exclude
DCO>13% of all cases

4 cancer registries (Luqgiao, Luyuan, Xianqiao and Wenling)
\

Primary selection ICD-IO, C54-C55 (N=1148)

Total number of final patients (N=945)

Patients exclude

Cases of missed follow-up (n=26)
Cases of unknown records (n=35)
Cases of DCO >13% (n=114)
Cases of logical errors (n=28)

Figure 1. Flow chart for patient selection.

Institutional Review Board of Zhejiang Cancer Hospital,China
(IRB-2023-324).

Statistical analysis

The period analysis was used to calculate the 5-year relative
survival for patients with endometrial cancer during 2014 -
2018. We used the “PeriodR” package for R version 3.13 soft-
ware (R Foundation for Statistical Computing, Vienna, Aus-
tria) [12]. Specific steps are summarized below.

First, period analysis was used to calculate the 5-year rela-
tive survival for endometrial cancer patients during 2014 - 2018.
This method required the handling of left-censored data diag-
nosed before the period of interest and right-censored data still
alive after the end of the period of interest. The period analysis
organized the data into a life table format and calculated the con-
ditional 1-year survival for each follow-up year, expressed as:

S, =1- d
n -5 e
2

In equation (1), n, represents the population at the begin-
ning of the i year under follow-up, d; represents the number of
deaths at the end of the i year under follow-up, and c; repre-
sents the number of losses to follow-up during the i year. The
observed survival for k years is obtained by multiplying the

conditional 1-year survival for each year, expressed as:

Sc=[1s ©)

The relative survival is the ratio of observed survival to
expected survival, expressed as:

wnn
~

R. =

i

)

*

95
o~
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When calculating the 5-year relative survival, k = 5 in the
equation. §k represents the observed survival and S, repre-
sents the expected survival. The expected survival is calculat-
ed using the Ederer II method. The point estimate and standard
error of the relative survival are calculated using the Green-
wood method.

We further predicted future survival during the upcoming
2019 - 2023 period using the model-based period analysis
and the survival data during three continuous periods (2004
- 2008, 2009 - 2013, and 2014 - 2018). A generalized linear
model was employed for the period analysis, which included
cases diagnosed during three continuous periods (2004 -
2008, 2009 - 2013, and 2014 - 2018). The follow-up period
and follow-up year were included as independent variables,
with the conditional 1-year survival of each follow-up year
as the dependent variable in the generalized linear model to
predict the 5-year relative survival during the upcoming 2019
- 2023 period.

Results

Basic characteristics of endometrial cancer patients

Overall, 945 patients diagnosed with endometrial cancer were
included in this study (Table 2). Rural areas had a higher pro-
portion compared to urban areas (76.3% vs. 23.7%). The aver-
age age at diagnosis was 65.2 years. The distribution of pa-
tients across the four age groups was relatively balanced, while
most patients were diagnosed between the ages of 65 and 74
years (32.9%).

Five-year relative survival during 2014 - 2018

Overall, 5-year relative survival during 2014 - 2018 reached
86.4%. Urban areas had higher 5-year relative survival com-
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Table 2. Basic Characteristics of Endometrial Cancer Patients Diagnosed During 2004 - 2018 From Taizhou, Eastern China

Diagnosed interval

Characteristics Number of cases (%)
2004 - 2008 (%) 2009 - 2013 (%) 2014 - 2018 (%)
Total 945 (100) 67 (100) 389 (100) 489 (100)
Region
Urban area 224 (23.7) 27 (40.3) 65 (16.7) 132 (27.0)
Rural area 721 (76.3) 40 (59.7) 324 (83.3) 357 (73.0)
Average age (years) 65.2 63.1 66.9 65.7
Age at diagnosis (years)
<55 191 (20.2) 7 (10.4) 87 (22.4) 97 (19.8)
55-64 212 (22.4) 12 (17.9) 97 (24.9) 103 (21.1)
65-74 311 (32.9) 28 (41.8) 126 (32.4) 157 (32.1)
> 74 231 (24.5) 20 (29.9) 79 (20.3) 132 (27.0)

Table 3. Five-Year Relative Survival of Endometrial Cancer Patients During 2014 - 2018 From Taizhou, Eastern China

Estimated value (%)

Standard error

Total 86.4
Region
Urban area 91.3
Rural area 85.3
Age at diagnosis (years)
<55 89.3
55-64 87.8
65 -74 84.9
>74 80.5

0.7

1.6
1.3

1.6
1.8
1.9
2.5

pared to rural areas (91.3% vs. 85.3%). We found a clear age
gradient, declining from 89.3% for patients younger than 55
years at diagnosis to 80.5% for those older than 74 years (Ta-
ble 3).

Five-year relative survival during the upcoming period
2019 - 2023

Using a model-based period analysis and the survival data dur-
ing three continuous periods (2004 - 2008, 2009 - 2013 and
2014 - 2018), we predicted that overall 5-year relative survival

Discussion

To the best of our knowledge, this is the first study systematical-
ly using period analysis to provide the most up-to-date estimates
of 5-year relative survival for endometrial cancer patients from
Taizhou, eastern China, which reached 86% during 2014 - 2018

Table 4. Predicted 5-Year Relative Survival for the Upcom-
ing Period 2019 - 2023 for Endometrial Cancer Patients From
Taizhou, Eastern China

Estimated value (%)

for the forthcoming period 2019 - 2023 reached 88.4% (92.5% Total 88.4
for urban areas and 87.3% for rural areas; Table 4). Region

Urban area 92.5
The trend of 5-year relative survival during 2004 - 2023 Rural area 87.3

Age at diagnosis (years)
Over the past 15 years (2004 - 2018) and also for the upcoming <55 89.9
2019 - 2023 period, we observed an increasing trend in 5-year 55_64 88.1
relative survival for overall and the stratification by region 65 - 74 86.2
(Fig. 2). The trend was also consistent for the stratification by '
age at diagnosis (Fig. 3). >74 83.1
Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ www.wjon.org 787



Five-Year Relative Survival for Endometrial Cancer World ] Oncol. 2024;15(5):784-791

95
_—~
X
e
— 90-
@©
= P
c 4
> — '
e / — - Total
GZJ 85 / - Rural area
E - - Urban area
o A
S
8 80 o
o
(0}
=
L
75

2004-2008 2009-2013 2014-2018 2019-2023

Figure 2. Trend of 5-year relative survival stratified by region for endometrial cancer patients from Taizhou, eastern China during
2004 - 2008, 2009 - 2013, 2014 - 2018 and 2019 - 2023.

for overall. While urban areas had higher survival compared to that the 5-year relative survival for the upcoming period 2019 -
rural areas (91.3% vs. 85.3%), we also observed a clear age gra- 2023 could reach 88.4%, using the model-based period analysis
dient, which decreased from 89.3% for age at diagnosis < 55 and the survival data on the continuous three periods (2004 -

years to 80.5% for age > 74 years. Additionally, we predicted 2008, 2009 - 2013 and 2014 - 2018). We observed an increasing
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Figure 3. Trend of 5-year relative survival stratified by age at diagnosis for endometrial cancer patients from Taizhou, eastern
China during 2004 - 2008, 2009 - 2013, 2014 - 2018 and 2019 - 2023.

788 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ www.wjon.org



Zhao et al

World ] Oncol. 2024;15(5):784-791

trend in 5-year relative survival during 2004 - 2018 for overall
and the stratification by region and age at diagnosis.

Endometrial cancer is generally associated with a favora-
ble prognosis with a 5-year survival of roughly 80% due to its
frequent early diagnosis and the efficacy of surgical treatments
[13]. We found that 5-year relative survival for endometrial
cancer patients from Taizhou, eastern China reached 86.4%
during 2014 - 2018, which is higher than the report of 72.8%
during 2012 - 2015 for China using only 17 cancer registries
by Zeng et al and the report of 67.8% during 2011 - 2014 for
Zhejiang Province [14, 15]. However, our results are plausible
due to the below reasons. Firstly, Taizhou is located in the eco-
nomically prosperous eastern coastal region of China, which
has higher levels of medical investment compared to the na-
tional average. In contrast, the data on the Zeng et al study
were obtained from 17 cancer registries and among them, 14
were from rural arecas with limited resources, which could
have contributed to a lower overall 5-year relative survival.
Secondly, the report of 72.8% during 2012 - 2015 for China
using only 17 cancer registries by Zeng et al [14] was a pro-
jected estimate, which is very likely underestimated because
the survival data during 2003 - 2005 and 2006 - 2008 were cal-
culated by cohort method, which must be under-estimated as
confirmed by our group [5]. Lastly, the report of 67.8% during
2011 - 2014 for Zhejiang Province was 4 years early compared
to our estimate of 86.4% during 2014 - 2018. Along with the
advances in treatments of endometrial cancer patients in recent
years [16, 17], the ongoing early screening programs for high-
risk populations with endometrial cancer, and increased cover-
age of health insurance for endometrial cancer patients [18,
19], the 5-year relative survival for endometrial cancer patients
from Taizhou, eastern China could be considerably improved.

From an international perspective, our findings are also
consistent with the 5-year relative survival of endometrial can-
cer in Norway (86%) and the Netherlands (85%) [20, 21]. In
Korea, the 5-year relative survival for endometrial cancer is
nearly 90% [22], while in the United States [23] and Japan
[24], the S-year relative survival has already exceeded 90%
which may reflect the positive impact of widespread screening
programs and advanced medical care on the long-term survival
of endometrial cancer patients from developed countries.

When stratified by region, we found rural areas had low-
er survival compared to urban areas (85.3% vs. 91.3%). The
lower health literacy observed in rural areas can be attributed
to socioeconomic disadvantages and a lack of comprehensive
health education [25]. Several previous European studies have
also confirmed socioeconomic deprivation’s impact on endo-
metrial cancer survival rate [26, 27].

When stratified by age at diagnosis, we found a clear age
gradient, decreasing from 89.3% for age at diagnosis <55 years
to 80.5% for age > 74 years, indicating that the age at diagno-
sis is an independent prognostic factor for endometrial cancer.
Our finding is also consistent with a German multi-center ret-
rospective study, which reports that the 5-year relative survival
decreased from 90.0% for age at diagnosis 15 - 49 years to
74.8% for age at diagnosis > 70 years [28]. Another retrospec-
tive analysis carried out in Guangzhou province, China, also
confirmed that elderly patients with endometrial cancer face
a significantly worse prognosis compared to their younger
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counterparts [29]. The main reason is that elderly patients have
more complications (e.g., diabetes and hypertension), a higher
probability of special histological types and deep muscle in-
filtration, whereas younger patients with endometrial cancer
primarily exhibit endometrioid adenocarcinoma histological
types, superficial myometrial infiltration and demonstrate bet-
ter tolerance to various treatment approaches [30, 31].

Moreover, endometrial cancer has entered the era of preci-
sion therapy at the molecular level, allowing for personalized
treatment based on molecular subgroup stratification [32-34].
This has led to further improvements in long-term survival,
thanks to advancements in genome mapping. Overall, with ad-
vancements in early detection, immune monotherapy, targeted
therapy, and precision therapy, the prognosis for endometrial
cancer has been improving. Continued research and advance-
ments in these areas hold promise for further increasing long-
term survival rates for patients.

Our study has several strengths and limitations. Firstly,
throughout the study, we ensured the completeness and reliabil-
ity of our data by strictly adhering to the relevant standards for
data collection. Secondly, four cancer registries included in our
study used a combination of active and passive follow-up meth-
ods to obtain the latest survival information for endometrial can-
cer patients. The utilization of active follow-up reduced the risk
of inaccurate or lost-to-follow-up survival data, thereby greatly
reducing the potential for overestimation or underestimation of
real survival. Moreover, our method provides more timely and
accurate long-term survival data compared to the traditional
cohort method. Our study results can serve as baseline data for
survival studies of endometrial cancer in Taizhou, eastern China.
Nonetheless, our study does have two limitations. Firstly, due
to the limited availability of detailed information in population-
based cancer registries, we were unable to provide stratified data
on histology, stage, and treatment for endometrial cancer pa-
tients. Secondly, our data exclusively encompass the population
of Taizhou, eastern China, thereby potentially limiting its gener-
alizability to the broader Chinese population. Therefore, future
research could consider incorporating large-scale cancer registry
data and necessitate the provision of comprehensive information
on cancer staging and treatment methods by registry offices. By
addressing these limitations, a more comprehensive understand-
ing of endometrial cancer survival in China can be attained.

Conclusion

In summary, this study systematically using period analysis to
provide the most up-to-date estimates of 5-year relative sur-
vival for endometrial cancer patients from Taizhou, eastern
China, which reached 86% during 2014 - 2018 for overall. Our
finding has important implications for the overall evaluation of
early detection and screening programs for patients with endo-
metrial cancer in eastern China.
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