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Abstract

This study aimed to delineate the age-specific incidence and temporal trends of female breast cancer in Khon Kaen
Province, Thailand, between 2002 and 2021. We conducted a descriptive study using longitudinal data from the Khon Kaen
Population-Based Cancer Registry. Incidence was reported using Crude Incidence Rates (CIR) and Age-Standardized Rates
(ASR). Temporal trends were evaluated using the Average Annual Percentage Change (AAPC) derived from Joinpoint
regression. A total of 5,800 cases were analyzed. The overall incidence showed a consistent upward trend, peaking in 2020
(ASR =31.38 cases per 100,000 women-years). The overall AAPC was 4.71% for CIR (95% C1 4.0, 5.4, p<0.001) and 3.57%
for ASR (95% C13.2,4.0, p<0.001). Age-stratified analysis revealed a rising incidence across all age groups. When measured
by ASR, the <40 years age group experienced the most rapid increase (AAPC = 5.12%). Conversely, when measured by CIR,
the 55-69 years age group showed the greatest increase (AAPC = 3.80%), reflecting an increasing proportion of elderly
individuals. The rising incidence, coupled with an aging population, necessitates a two-pronged approach to public health
policy. These findings support further evaluation of age-appropriate screening, awareness programs, stage distribution,
mortality, and cost-effectiveness.
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1. Introduction

Breast cancer is the most prevalent cancer in
females worldwide. According to a global cancer
database, the age-standardized incidence rate (ASR)
of breast cancer was calculated to be approximately
46.8 per 100,000 women-years in 2022 (Bray et al.,
2024). Furthermore, the current incidence of breast

cancer has risen steadily, with an annual percentage
change (APC) of 0.33% between 1990 and 2019 (Xu
et al., 2023).

Breast cancer is also the most common female
cancer in Southeast Asia (Dee et al., 2025; Kristina et
al., 2025). The incidence trends were projected to rise
significantly, consistent with studies conducted in
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Yogyakarta, Indonesia, and Hanoi, Vietnam (Huong
etal., 2025; Ng et al., 2023). However, the increase in
incidence observed in Brunei Darussalam was not
statistically significant (Leong et al., 2023). Consistent
with global trends, breast cancer is the most common
cancer among women in Thailand, with an ASR of
34.9 per 100,000 women-years (TNCI, 2025), and a
sharp increase in incidence calculated as an average
annual percentage change (AAPC) of 3.1% (Virani et
al., 2017). Various studies have reported elevated
incidences of breast cancer in different regions of
Thailand. In the Northern, Central, Southern, and
Northeastern regions of Thailand, the incidences of
breast cancer, reported as cases per 100,000 women-
years, are 38.1, 40.6, 33.7, and 29.1, respectively
(TNCI, 2025). The Northeastern region exhibits the
lowest overall incidence of breast cancer compared to
all other regions; however, its incidence is increasing
most rapidly, with an AAPC of 7.1% between 1988
and 1999 and 4.2% between 1999 and 2012 (Virani et
al., 2017).

In accordance with the clinical practice guidelines
regarding recommendations for breast cancer screening
in Thailand, age is one of the main factors when
determining the eligibility for mammography, which
is considered the gold standard of breast cancer
screening (The Royal College of Radiologists of
Thailand (RCRT), 2020; Lapkittichot, 2023; The
Royal College of Surgeons of Thailand (RCST),
2024). The guidelines recommend that women aged
40 and above should be screened annually for breast
cancer using mammography in accordance with the
international recommendations (Oeffinger et al., 2015;
National Comprehensive Cancer Network (NCCN),
2025). While there were various age-specific population-
based studies in Thailand (Lalitwongsa et al., 2015;
Sangkittipaiboon et al., 2015; Sripan et al., 2017,
Tassanasunthornwong et al., 2015; Virani et al.,
2014), most of these studies stratified the population
into only two groups. Moreover, to date, no study has
reported breast cancer incidence data beyond 2012.

Thailand became an upper-middle-income
country in 2011 (World Bank Group, 2011) and is
currently undergoing numerous demographic changes.
In 2023, the population was 71,702,435 and was
declining, with a projected reduction of 7.4% by 2050.
The population structure was also predicted to change,
with a rising number of individuals aged 65 and older
(World Health Organization, 2026), coupled with a
progressive decline in birth and fertility rates (United
Nations, 2024). Moreover, obesity, another risk factor
for breast cancer, has become more prevalent (World

Obesity Federation (World Obesity, 2025). These
changes may alter the future epidemiological picture
of breast cancer in Thailand. Therefore, evaluating
breast cancer incidence trends by age group will help
determine if existing clinical guidelines align with
shifting demographic patterns. Furthermore, this
study provides vital insights into the changing
epidemiology of breast cancer in Thailand, driven by
the country's aging population.

2. Objectives

This study aimed to describe the population-
based incidence and incidence trends of female breast
cancer by age group in Khon Kaen Province, which is
located in the Northeastern region of Thailand, using
Joinpoint regression. The results are reported as Crude
Incidence Rates (CIR), Age-Standardized Rates (ASR),
and Average Annual Percentage Change (AAPC), with
corresponding 95% confidence intervals (Cls) for the
observed trends.

3. Materials and Methods
3.1 Ethical Approval

This study was reviewed and approved by the
Human  Research  Ethics  Committee,  under
announcement number 1579/2567, with approval
number HE671654 on November 21%, 2024, for the use
of cancer registry data. All data usage was permitted
by Khon Kaen Cancer Registry Unit (KKCRU).

3.2 Population and Sampling

This population-based retrospective study
aimed to describe female breast cancer incidence and
trends across different age groups. Data were
retrieved from the historical and electronic medical
records of the Khon Kaen Cancer Registry Unit
(KKCRU), spanning from 1985 to 2025. The KKCRU
contains data from Khon Kaen Hospital, Srinagarind
Hospital, 25 community hospitals, and 3 private
hospitals within the Khon Kaen province. The
inclusion criteria of this study were: (1) patients who
have been diagnosed with breast cancer, as classified
by the specific International Classification of Disease
for Oncology - Third Edition (ICD-O) codes C50.0 -
C50.9, excluding code C44.5 (skin of breast), (2)
patients whose data were recorded between January
1%, 2002 and December 31%, 2021. The exclusion
criteria of this study were: (1) patients who were
assigned male at birth, (2) patients whose recorded
address and postal code were not in Khon Kaen
Province, (3) patients lacking any of the following
data: sex, age at diagnosis, or year of diagnosis.
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3.3 Statistical Analysis

All data were derived from the KKCRU.
Population denominators were obtained from the
2000 and 2010 Population and Housing Censuses
conducted by the Thai National Statistical Office
(TNSO). For the intercensal years, annual population
estimates were derived using linear interpolation
between census years and were used to calculate age-
specific incidence rates (TNSO, 2000; TNSO, 2012).

The study evaluates the incidence of female
breast cancer in four age groups, as follows: < 40 years
old, 40-54 years old, 55-69 years old, > 70 years old.
The division of age groups was based on Thailand’s
breast cancer screening recommendations (RCRT,
2020; Lapkittichot, 2023; RCST, 2024), all of which
recommend annual screening with mammography in
women aged 40 and above. Women aged more than
54, according to the Thai National Cancer Institute
(TNCID) (Lapkittichot, 2023), may reduce the
screening frequency to every other year, or may
continue annually, similar to the recommendations of
the American Cancer Society (Oeffinger et al., 2015).
Most screening guidelines suggest that screening can
be stopped at 70-75 years of age; therefore, we
selected age 70 as the lower bound of the oldest group
(Ren et al., 2022).

The data are analyzed and reported statistically
using the following parameters:

1. Data quality was assessed using the percentage
of microscopically verified cases (MV%), defined as
a diagnosis confirmed by histology or cytology of
primary or metastatic tumors, and the percentage of
death certificate only cases (DCO%), defined as a
diagnosis based solely on death certification.

2. Incidence of female breast cancer in the
Khon Kaen Province is reported as follows:

2.1 Crude Incidence Rate (CIR) is the total
number of new cases calculated as a proportion of the
entire population at risk during a one-year period. This
rate is appropriate for comparing annual local trends
and estimating the true disease burden.

2.2 Age-standardized Rate (ASR) is the
incidence rate adjusted to the world standard
population, as defined by Segi et al. (1960), and later
modified by Doll et al. (1966). This rate is appropriate
for international comparisons.

3. Trends of female breast cancer for the entire
study population and each age group are reported as
average annual percentage change (AAPC). Temporal

trends were analyzed using Joinpoint regression. The
maximum number of joinpoints was set to zero to
estimate the overall trend and calculate the Average
Annual Percent Change (AAPC) across the study
period. With zero joinpoints, AAPC equals the single-
segment APC. Statistical significance was assessed
using the permutation test, with p <0.05 considered
statistically significant. A Poisson regression model
with robust standard errors was used to compare
significant differences across age groups. The number
of cases was specified as the outcome variable, with
age group included as a categorical predictor and
population size included as an exposure term.

4. Age-period-cohort (APC) analysis was
performed using a Poisson regression model with the
logarithm of person-years as an offset term. Female
breast cancer incidence data were analyzed using the
apc.fit function from the Epi package in R. The Age-
cohort-period (ACP) parameterization was selected as
the primary model because it provides direct estimates
of cohort-specific relative risks with respect to a
reference birth cohort and facilitates interpretation of
generational patterns in breast cancer incidence. The
analysis included women aged 20-90 years, with the
1960 birth cohort specified as the reference cohort.
This age range was selected, as recommended for
APC modeling, to ensure sufficient observations
across age, period, and cohort dimensions while
minimizing instability at extreme ages. No cases
occurred in patients younger than 20 or older than 90
years.

This study used the following software for
statistical analysis:

1. Microsoft Excel was used to prepare the
initial diagnostic dataset.

2. SPSS version 29 was used for analysis of the
general characteristics of the population, data quality,
and the Poisson regression test.

3. Joinpoint regression program version 5.4.0
was used for calculating the incidence in the forms of
CIR and ASR, as well as the incidence trends in the
form of AAPC.

4. R version 3.6.2 running in RStudio version
2023.06.2 was used for age-period-cohort (APC)
analysis. The APC models were fitted using the apc.fit
function from the Epi package version 2.40 to
estimate age, period, cohort, and drift effects on breast
cancer incidence.
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Patients diagnosed with breast cancer during the years 2002-2021
(n =5,856)

Male patients diagnosed with breast cancer
(n=54)

Female patients diagnosed with breast cancer
(n =5,802)

Patients whose registered address is outside
Khon Kaen province (n = 2)

—_—

Patients whose data were included in the study and analysis
(n =5,800)

Figure 1 Flow diagram demonstrating the selection of patients. Drawn by the authors

Table 1 General information of the study population (N = 5,800)

General Information n %
Age groups <40 671 11.57
40-54 2616 45.10
55-69 1945 33.53
>70 568 9.79
Stages 0 5 0.09
1 730 12.59
2 1891 32.60
3 1264 21.79
4 541 9.33
Unknown 1369 23.60
Subtypes Squamous cell carcinoma 9 0.16
Papillary carcinoma 19 0.33
Adenocarcinoma 145 2.50
Infiltrating duct carcinoma 4,891 84.33
Unspecified 736 12.68
Patient’s addresses Mueang district 1820 31.38
Other districts 3976 68.55
Unknown 4 0.07
Basis of diagnosis Death certificate only 28 0.48
History & physical exam 151 2.60
Endoscopy & radiology 140 2.41
Surgery & autopsy 129 2.22
Specific biochemical/immunology test 1 0.02
Cytology 53 0.91
Histology of metastasis 43 0.74
Histology of primary 5255 90.60
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4. Results
4.1 General Information of the Study Population
During 2002-2021, the number of breast cancer
patients in the Khon Kaen Province was 5,856. This
study excluded people who met the exclusion criteria,
which included 54 male patients diagnosed with
breast cancer and 2 patients whose address and postal
code were outside the study area. This resulted in a
study population of 5,800 patients (Figure 1).
Patients were stratified into four age groups,
< 40 years, 40-54 years, 55-69 years, > 70 years,
comprising 671 (11.6%), 2,616 (45.1%), 1,945
(33.5%), and 568 (9.8%) patients, respectively. The
40-54 years age group had the highest number of cases
between 2002 and 2021. The mean age of the patients
was 53.18 years (standard deviation [SD] = 11.734),
and the median age was 52 years. The most common
type of breast cancer was infiltrating ductal carcinoma
(Table 1).

4.2 Data Quality

Of the 5,800 cases of female breast cancer
which were analyzed, 92.26% had their diagnosis
microscopically verified (MV% = 92.26) by either

cytology, or histology of primary or metastatic tumor,
exceeding the 80% standard recommended by the
International Agency for Research on Cancer (IARC).
In contrast, only 0.48% had their diagnosis confirmed
by death certificate only (DCO% = 0.48), which was
also well below the 10% threshold recommended by
the IARC.

4.3 Overall Incidence

The incidence of breast cancer was lowest in
2002 (CIR 16.59, ASR 14.6), and the overall trend
was upward. The highest incidence was found in 2020
(CIR 45.13, ASR 31.38). It is noteworthy that the CIR
was higher than the ASR in every year throughout the
study period (Table 2; Figure 2).

4.4 Overall Incidence Trends

From the analysis of overall incidence, we
found that the incidence of female breast cancer
increased throughout the study. Trend analysis
revealed an AAPC of 4.71% when calculated using
CIR (95% CI 4.0, 5.4) (Figure 3), and an AAPC of
3.57% (95% CI 3.2, 4.0) when using ASR (Figure 4).

Table 2 Overall incidence of breast cancer among women in Khon Kaen

Age-standardized rate

Year Crude incidence rate (ASR) Standard Error of ASR
2002 16.59 14.60 1.23
2003 19.35 16.72 1.30
2004 21.98 18.44 1.34
2005 23.67 19.03 1.33
2006 23.72 18.64 1.30
2007 25.13 19.61 1.33
2008 26.96 20.36 1.33
2009 30.21 22.37 1.38
2010 33.30 23.93 1.41
2011 31.34 22.20 1.35
2012 34.13 23.99 1.40
2013 33.62 23.70 1.40
2014 37.52 25.94 1.45
2015 41.90 28.85 1.53
2016 39.54 2741 1.52
2017 41.38 28.76 1.57
2018 42.67 29.65 1.60
2019 44.20 29.89 1.61
2020 45.13 31.38 1.69
2021 42.66 29.72 1.66




Figure 2 Overall incidence of breast cancer among women in Khon Kaen, reported as CIR and ASR. Drawn by the authors
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Figure 3 Average annual percentage change (AAPC) calculated using CIR. Drawn by the authors
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Figure 4 Average annual percentage change (AAPC) calculated using ASR. Drawn by the authors
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Table 3 Incidence of female breast cancer between years 2002-2021, stratified by age groups

Year of <40 years 40-54 years 55-69 years > 170 years
diagnosis Crude ASR Crude ASR Crude ASR Crude ASR
2002 4.45 2.19 42.64 7.24 35.66 4.01 28.04 1.17
2003 6.54 3.15 45.40 7.86 38.22 4.38 31.79 1.33
2004 2.96 1.33 50.68 8.78 59.81 6.46 47.55 1.87
2005 5.85 2.74 55.66 9.57 50.88 5.45 33.09 1.27
2006 5.58 2.59 59.83 10.25 39.92 4.44 35.72 1.36
2007 7.06 3.34 50.79 8.72 60.40 6.62 23.19 0.92
2008 8.40 3.81 53.34 9.14 5547 6.01 33.83 1.41
2009 8.35 3.63 54.77 9.38 66.49 7.43 46.97 1.93
2010 7.26 3.40 63.91 10.97 73.52 7.99 42.55 1.57
2011 4.65 2.53 67.46 11.49 63.63 6.87 35.53 1.32
2012 5.58 2.81 66.33 11.28 77.73 8.51 34.15 1.39
2013 9.13 4.60 60.77 10.28 60.34 6.61 54.35 2.22
2014 7.72 3.99 71.01 12.00 67.59 7.41 60.92 2.55
2015 7.14 3.95 83.41 14.06 83.17 9.13 42.80 1.72
2016 8.59 4.98 72.98 12.27 70.32 7.74 59.95 2.41
2017 9.85 5.97 70.00 11.68 79.64 8.70 58.82 2.40
2018 8.56 5.39 69.62 11.94 94.03 10.34 47.68 1.99
2019 7.96 5.24 73.89 12.21 90.02 9.84 62.35 2.60
2020 8.72 5.91 74.45 12.74 97.12 10.67 49.83 2.06
2021 8.08 5.44 81.50 13.64 75.44 8.29 55.62 2.35

4.5 Incidence by Age Groups

When calculating the incidence rate of female
breast cancer for each age group, we found that the
year with the maximal incidence was 2017 for the
<40 year age group (CIR 9.85, ASR 5.97), 2015 for
the 40-54 year age group (CIR 83.41, ASR 14.06),
2020 for the 55-69 year age group (CIR 97.12, ASR
10.67), and 2019 for the > 70 year age group (CIR
62.35, ASR 2.6) (Table 3). By the end of the study
period, breast cancer incidence had increased across
all age groups.

4.6 Incidence Trends by Age Groups

When calculating the incidence trends of breast
cancer during 2002-2021 using CIR, we found that the
incidence of breast cancer increased in every age
group. The age group with the highest increase was
the 55-69 years age group with an AAPC of 3.80%
(95% CI 2.3, 6.0), followed by the > 70 years age
group with an AAPC of 3.27% (95% CI 1.4, 5.9), and
the 40-54 years age group with an AAPC of 2.81%
(95% CI 1.9, 3.8). The < 40 years age group had the
smallest increase in incidence, with an AAPC of
2.77% (95% CI 0.9, 4.8). When analyzed using the
Poisson regression test, we found statistically
significant differences between the AAPCs of all
groups (p < 0.001), except between the 40-54 years
and the 55-69 years age groups (p > 0.999) (Figure 5).

When calculating the incidence trends using
ASR, the incidence of breast cancer also increased in
every group. Interestingly, unlike the trend calculated
from CIR, the < 40 years age group had the highest
increase in incidence, with an AAPC of 5.12% (95%
CI 3.4, 7), followed by the 55-69 years age group,
with an AAPC of 3.79% (95% CI 2.3, 5.9) and the
> 70 years age group, which had an AAPC of 3.61%
(95% CI 1.6, 6.6). The 40-54 years age group had the
smallest increase in incidence, with an AAPC of
2.67% (95% CI 1.8, 3.6), despite its high incidence of
breast cancer. When analyzed with the Poisson
regression test, we found statistically significant
differences between all groups (p < 0.001) except for
between the < 40 years age group and the > 70 years
age group (p > 0.999); and between the 40-54 years
age group and the 55-69 years age group (p = 0.353)
(Figure 6).

The incidence of breast cancer increased
significantly in every age group, regardless of the
incidence measure used. However, a pronounced
difference exists between the two methods regarding
the magnitude of the incidence increase (Table 4). In
the < 40 years age group, the increase in incidence
measured by CIR was relatively small compared with
that measured by ASR.
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Table 4 Incidence trends reported as AAPC, calculated by CIR and ASR

AAPC (by CIR)

AAPC (by ASR)

Age group AAPC 95% CI p-value AAPC 95% CI p-value
<40 2.8 0.9-4.8 0.003 5.1 3.4-7 <0.001
40-54 2.8 1.9-3.8 <0.001 2.7 1.8-3.6 <0.001
55-69 3.8 236 <0.001 3.8 2359 <0.001
>70 3.3 1.4-5.9 <0.001 3.6 1.6-6.6 0.001
Overall 4.7 4.0-5.4 <0.001 3.6 3.0-4 <0.001
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Figure 5 Trend of breast cancer by age groups, calculated using CIR. Drawn by the authors
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Figure 6 Trend of breast cancer by age groups, calculated using ASR. Drawn by the authors
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Figure 7 Age-period-cohort (APC) graphs using ACP parameterization model for analyses. Drawn by the authors

4.7 Age-Period-Cohort (APC) Analysis

The APC model demonstrated that breast
cancer incidence increased substantially with age.
Age-specific incidence rates rose rapidly from
approximately 1 case per 100,000 women-years at age
20 years to more than 100 cases per 100,000 women-
years after age 60 years, peaking at approximately 65-
70 years of age before declining slightly among older
women. An increasing trend was observed across
successive birth cohorts. Compared with the reference
birth cohort (born in 1960), women born before 1950
had substantially lower risks of breast cancer, whereas
women born after 1960 experienced progressively
higher risks. Relative risks increased from
approximately 1.32 among women born in 1970 to
1.78 among those born in 1980, 2.31 among those
born in 1990, and approximately 3.06 among those
born in 2001. In contrast, period effects remained
relatively stable around unity throughout the study
duration.

Formal model testing demonstrated a
significant net drift in breast cancer incidence over
time (¥*=195.13, df=1, p < 0.001). However, cohort
deviations beyond the overall drift were not
statistically significant (y>=5.63, df=5, p = 0.344).
Similarly, period deviations beyond cohort effects
showed only borderline statistical significance
(*=5.83, df=2, p = 0.054). Consistent findings were
observed in the Age-Period model: cohort deviations
were not statistically significant (p = 0.360), whereas
period deviations beyond drift remained borderline
significant (p = 0.051) (Figure 7).

5. Discussion

From the analysis of female breast cancer data
between years 2002-2021, we found that the incidence
of female breast cancer continued to increase in every
age group, with an AAPC of 4.71% (calculated from
CIR), and 3.57% (calculated from ASR). When
calculating the trends from CIR, the group with the
fastest increase in incidence was the 55-69 years age
group, followed by the > 70 years age group, whereas
the group with the smallest increase in incidence was
the < 40 years age group. However, when the trends
were calculated from ASR, we found that the < 40
years age group had the fastest increase in incidence.

We observed that CIR was always higher than
ASR in every year throughout the study. This is
attributable to the fact that the population being
studied had a significantly higher proportion of
elderly people compared with the world standard
population described by Segi et al. (1960), in which
older adults accounted for only 11% of the total
population. As reported by the Thai National
Statistical Office (TNSO) (2025), in 2021, Thailand’s
elderly female population made up 21.1% of the
country’s entire female population, while Khon Kaen
province had 23% of its female population older than
60, slightly higher than the national average; this
proportion continued to rise to 25.6% in 2024,
resulting in a higher CIR than ASR. We believe that
for the same reason, but in the reverse direction, the
ASR in the < 40 years age group showed a greater
increase in incidence than the CIR. CIR can better
reflect the disease burden of breast cancer within the



YOSPAIBOON ET AL.
JCST Vol. 16 No. 4, October-December 2026, Article 225

province, whereas the ASR allows the results of this
study to be compared with other regions or countries.

The age-period-cohort analysis identified age
as the strongest effect associated with breast cancer
incidence. Age-specific incidence rates increased
markedly with advancing age, peaking at
approximately 65-70 years before declining slightly in
older age groups. An increasing trend across
successive birth cohorts was observed, with women
born after 1960 exhibiting higher relative risks than
earlier generations. However, formal model testing
indicated that cohort deviations beyond the overall
drift were not statistically significant (p = 0.344),
suggesting that the observed cohort pattern largely
reflected the underlying long-term temporal trend.
Period effects remained relatively stable throughout
the study period, and period deviations demonstrated
only borderline statistical significance (p = 0.054).
Overall, the APC model findings indicate that the
increasing incidence of breast cancer was
characterized primarily by a significant long-term net
drift, whereas independent cohort- and period-specific
deviations were comparatively modest.

The results of this study are similar to those of
many other studies conducted in Thailand, which also
found a significant increase in incidence. Our finding,
AAPC =3.57% by ASR, was higher than the national
AAPC (AAPC =3.1%) (Virani et al., 2017), but lower
than that of previous studies in the entire Northeastern
region (AAPC = 4.2%) (Virani et al., 2017) and
in Khon Kaen (AAPC = 4.5%) (Virani et al., 2018).
However, this study found a significant difference
in the age group with the highest increase in
incidence, with the youngest group showing the
greatest increase in incidence, while previous studies
in Thailand found that the incidence rose fastest in
females aged more than 40 (Sripan et al., 2017), or
more than 50 (Virani et al., 2014; Sangkittipaiboon et
al., 2015; Tassanasunthornwong et al., 2015;
Lalitwongsa et al., 2015) when compared to other
groups. This also contrasts with studies published in
different regions of Asia, such as Taiwan (Chen et al.,
2022) and India (Mathew et al., 2016), both of which
found that the incidence of breast cancer predominated
in postmenopausal females.

Various countries are undergoing an
epidemiological transition, with a decrease in
communicable diseases and an increase in non-
communicable diseases (NCDs) including malignancy.
Data from the Global Cancer Observatory (Ferlay et al.,
2024) generally demonstrated a higher incidence of
breast cancer in high-income countries (ASR = 83.9)

compared with upper-middle-income (ASR = 40.8),
lower-middle-income (ASR = 33.2), and low-income
countries (ASR = 30.6). This implies that the
incidence of breast cancer may be related to the
country’s socioeconomic status. Thailand, which
became an upper-middle-income country in 2011, had
a breast cancer incidence similar to that of low- and
lower-middle-income countries, which is lower than
that of countries with comparable income.

Obesity is one of the modifiable risk factors of
breast cancer (NCCN, 2025). The Global Obesity
Observation (World Obesity, 2025) found that the
obesity rate in Thailand and the Southeast Asia region
has risen continuously. This might be one of the
reasons Thailand has seen an increase in breast cancer
incidence in recent years. However, the prevalence of
obesity in northeastern Thailand was found to be the
second lowest out of all the regions, with the Northern
region having the lowest prevalence (Patanavanich &
Ackplakorn, 2025). Nulliparity, a reproductive risk
factor for breast cancer (NCCN, 2025), was also low
in the northeastern region, since it had a high
proportion of women who had never been pregnant
(Patanavanich & Ackplakorn, 2025; TNSO, 2025);
this might explain the relatively lower incidence of
breast cancer in this region (Virani et al., 2017).
Recently, the average age at menarche has declined in
Thailand (Patanavanich & Aekplakorn, 2025), which
would contribute to the rising trend of breast cancer in
the near future (NCCN, 2025).

Current screening guidelines recommend that
females aged 40-54 years should be screened for
breast cancer by mammography annually, and
females aged more than 54 can either choose to be
screened annually or every other year (RCRT, 2020;
Lapkittichot, 2023; RCST, 2024). From the results of
this study, considering that the CIR of breast cancer
increased the most in the 55-69 years age group,
followed by the > 70 years age group, we believe that
females older than 54 should continue to be screened
annually, because the incidence is still rising in
females aged 55 years and above. When considering
the ASR, the incidence in the < 40 years age group
was still low but increased continuously. Coupled
with the low prevalence of breast self-examination
(BSE) in young women (Thotong et al., 2019),
particularly those aged 20-29 years (Patanavanich &
Aekplakorn, 2025), it is necessary to promote age-
appropriate screening modalities for young women,
such as breast self-examination, clinical breast
examination, and breast ultrasound.
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In 2023, Thailand’s Universal Coverage
Scheme (UCS) was extended to include breast cancer
screening exclusively for high-risk women aged
40-70 years who have a first-degree family history of
the disease, using biennial mammography and
ultrasound (TNCI, 2024). However, average-risk
women aged > 40 years are still not included in this
program. We recommend implementing more robust
health promotion strategies to encourage breast cancer
screening uptake among Thai women, though the
cost-effectiveness of a mass screening program
should be further evaluated. A mammography fast-
track program was also implemented in Ratchaburi,
Thailand, in 2016-2017 (Tongyoi, 2018), which may
benefit breast cancer patients, as it significantly
decreased the waiting time for patients suspected of
having breast cancer, and also increased the
availability of mammography.

To our knowledge, this study is the first to
analyze incidence trends according to the age groups
that should be screened differently. Those groups are
women aged < 40 years old, 40-54 years old, 55-69
years old, and > 70 years old. The sample size used in
this study was large enough to demonstrate
differences or similarities in the incidence trends
among each group. In addition, both the ASRs and the
CIRs were used for the analyses, and the differences
between them were discussed in the local context,
such as that of an aging society.

This study used data from one provincial
registry, which limits national generalizability. In
addition, it lacked analysis of stage-specific trends,
screening uptake data, and possible changes over time
in diagnostic capacity and registry completeness.
There was a high proportion (23.6%) of unknown
stage, and individual-level risk factors, as well as
other factors affecting breast cancer incidence, were
unavailable; consequently, the interpretation of
incidence trends and screening implications might be
affected. Linear-intercensal population estimates
might introduce systematic error in the incidence rate
calculation; however, this was the standard method
and the best data available to us. Although the cancer
registration systems had not been changed over time,
ascertainment bias from improvements in diagnostic
access and mammography availability might have
occurred.

However, these findings support further
evaluation of age-appropriate screening, awareness
programs, and their effects on stage distribution,
mortality, and, finally, cost-effectiveness. Future
research should investigate stage distribution trends

and modifiable risk factors to obtain more
comprehensive and generalizable data that can be
further used to develop or implement comprehensive
national prevention programs. This information may
be beneficial for developing more adequate guidelines
regarding breast cancer screening and prevention.

6. Conclusion

The incidence of female breast cancer in Khon
Kaen Province increased continuously, with an AAPC
of 4.71% (calculated by CIR) and 3.57% (calculated
by ASR). This trend is similar to that in other regions
around the world. The year of highest overall
incidence was 2020 (CIR 45.13, ASR 31.38). The
incidence in each age group peaked in 2017, 2015,
2020, and 2019 for the < 40, 40-54, 55-69, and > 70
years groups, respectively. CIR was higher than ASR
in every year throughout the study, reflecting the rise
of the aging population in Khon Kaen. The incidence
trends were rising in every age group, regardless of
the analysis method. Trends by CIR exhibited a larger
increase in incidence in women > 55 years of age
compared with younger women, with the maximal
increase in the 55-69 years group, followed by the
> 70 years group. In contrast, trends by ASR displayed
a larger increase in women aged below 40 years.
Reliance on passive registry data was the study's
primary limitation.
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DCO% Percentage of Death Certificate

Only
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IARC International Agency for Research
on Cancer
ICD-O International Classification of

Disease for Oncology

KKCRU Khon Kaen Cancer Registry Unit
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NHES The National Health Examination
Survey
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