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Introduction

Mammographic screening is one of many screening 
tests available worldwide. It is used in the early detection 
of breast cancer, resulting in less intensive treatment and 
a better overall prognosis. Thus, the effectiveness of 
mammographic screening is based on its ability to detect 
of breast cancer earlier, when the lesion is small, thereby 
interrupting the natural history of the disease. 

In the past two decades, widespread mammographic 
screening and effective treatment modalities have led 
to a shift in the tumor stage at presentation, thereby 
reducing mortality (Benson et al., 2009; Gotzsche 
et al., 2013; Nelson et al., 2016). At least 9 separate 
randomized clinical trials, comprising more than 600,000 
women, were conducted in Canada, the United States, 
the United Kingdom, Russia, and Sweden. All of them 
showed reduction in breast cancer-related mortality using 
mammographic screening (Nelson et al., 2016).

Despite the high sensitivity reported for population-
based screening programs (ranging from 74.7–89.4%), 
a percentage of tumors remain undetected, manifesting 
clinically between a normal screening result and the 
following screening (Tornberg et al., 2005). These tumors, 
called interval cancers (IC), are a major limitation of 
screening programs. The detection rate of IC has been 
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recognized as a valid indicator of both screening quality, 
and the sensitivity of the screening procedure (Lekanidi 
et al., 2017; Loy et al., 2015). The number of published 
studies that report IC on a national level is scarce (Lee 
et al., 2015; Hofvind et al.,2009; Bennett et al., 2011).

Several previous studies have confirmed the importance 
of breast density, both in predicting overall breast cancer 
occurrence, and reducing mammography sensitivity 
leading to a higher proportion of ICs diagnosed (Lowery 
et al., 2011; Kerlikowske et al., 2015; Choi et al., 2016). 
In Korea, the incidence rate of IC among participants 
with known mammographic density has been previously 
examined. However, a previous report used a screening 
interval of 12 months, while the real interval is 24 
months(Lee et al., 2016). The aim of this study was to 
survey the effect of MD notification on the crude detection 
rate (CDR), positive predictive value (PPV), and incidence 
rate of IC, using the actual screening interval (24 months), 
in South Korea.

Materials and Methods

Study population
The National Cancer Screening Program (NCSP) 

recommends that all Korean women older than 40 years 
participate in biennial mammographic screening. The 

Editorial Process: Submission:12/15/2020   Acceptance:04/05/2021

1Department of Surgery, Haeundae Paik Hospital, College of Medicine, Inje University, Busan, Korea. 2Department of 
Pharmacology, Inje University College of medicine, Clinical Trial Center, Inje University Busan Paik Hospital, Busan, Korea. 
*For Correspondence: gsjslee@gmail.com

Jung Sun Lee1*, Minkyung Oh2



JungSun Lee and Minkyung Oh

Asian Pacific Journal of Cancer Prevention, Vol 221166

baseline cohort comprised 9,469,234 women aged 40 
years and older who underwent screening via the NCSP 
between 2009 and 2013. Among them, 5,907 subjects with 
a previous diagnosis of breast cancer were excluded, as 
were 6,051,915 subjects with unknown mammographic 
breast density. Therefore, a total of 3,417,319 Korean 
women aged 40 years and older were enrolled in a final 
analysis. The year of examination was determined by 
the year of birth; women with an odd number birth year 
underwent biennial screening on odd number years. 

Ethical Approvals
The current study collected data from the NCSP 

database, which included information on the participant’s 
demographic characteristics and screening results. Written 
informed consent was received from participants for 
the collection of their screening results. Permission was 
granted by the Ministry of Health and Welfare, and the 
investigators used data maintained and de-identified by 
the National Health Insurance Sharing Service (NHIS). 
We collected data regularly from the NHIS and the need 
for informed consent for this specific study was waived 
because the NCSP database is quite large and unidentical 
personal dataset was released for public health or academic 
study from NHIS ( NHIS-2018-1-211). Additionally, the 
study was approved by the Institutional Review Board 
(IRB) of the Inje University Haeundae-paik hospital, 
Korea (IRB no. 2017-07-639-001). 

Measurement
Selection and processing of variables

Participant identification (ID), age, screening date, 
and screening results were selected from the NCSP 
breast screening data, and disease codes were selected 
from the health insurance claim data. Participants were 
classified according to age at the time of screening as 
40–49, 50–59, 60–69, and <70 years, and the screening 
results were reported as normal, benign disease, suspected 
breast cancer, or deferred. According to the guidelines 
on reporting results and recommendations of the Korean 
NCSP, deferred cases are those in which a judgment 
of normal, benign lesions, or suspected cancer cannot 
be made based only on the current examination, and 
additional examination, such as ultrasound or magnified 
views, compared with previous mammograms, or 
re-examination after some period is recommended for 
accurate diagnosis. Using the disease codes in the health 
insurance claim data, breast cancers were classified as 
either malignant neoplasm or carcinoma in situ. The date 
of breast cancer detection was defined as the first visit 
day (hospitalization or outpatient) to a medical institution 
for chemotherapy or surgery. That is, participants were 
defined as having breast cancer if they were diagnosed 
with malignant neoplasm or carcinoma in situ, and 
received either medication or surgery related to breast 
cancer. Screening data and insurance claim data on breast 
cancer were merged according to the subjects’ ID.

Key breast cancer screening performance indicators and 
their definitions

From the results of breast cancer screening, suspected 

and deferred breast cancer diagnoses were defined as 
positive screening outcomes, while results showing 
normal findings and benign lesions were defined as 
negative. Among the participants receiving breast cancer 
screening, breast cancer treatment occurring within 6 
months of screening was defined as breast cancer detected 
by screening, while the absence of treatment for breast 
cancer within the period was defined as non-detection.

Crude detection rate (CDR) for breast cancer screening
The crude detection rate for breast cancer screening 

was defined as the number of participants with positive 
results in whom breast cancer was detected per 100,000 
breast cancer screening participants

Positive predictive value (PPV) of breast cancer screening
The PPV of screening for breast cancer was defined 

as the number of detected patients with breast cancer per 
100,000 who received positive results on breast cancer 
screening.

Interval cancer rate (ICR)
IC was defined as a breast cancer diagnosis within the 

interval between screening dates of more than 12 months 
and less than 24 months in participants with previous 
negative screening results. ICR was defined as the number 
cases of breast cancer detected among 100,000 participants 
with negative breast cancer screening results.

Statistical analysis
Data analyses were performed using SAS statistical 

software (SAS Institute, Cary, NC, USA). The study 
subjects were selected using breast cancer screening, 
and health insurance claim data as described above. The 
variables were presented as counts and percentages, and 
the PPV, and incidence of IC were calculated. 

Results

CDR of breast cancer screening after notification of 
mammography density

The CDR of positive breast cancer screening increased 
from 510.9 per 100,000 in 2009, to 756.2 per 100,000 
participants in 2013 ( Figure 1). During the same period, 
the CDR of both carcinoma in situ and invasive cancer 
also increased. In this 5 year period, the proportion of 
carcinoma in situ and of invasive cancer decreased among 
women in their 40s, but increased in those older than 70 
years (Supplementary 1).

PPV of screening for breast cancer after notification of 
mammography density

The PPV of positive breast cancer screening rapidly 
increased from 1,842.5 per 100,000 in 2009, to 3,364.9 per 
100,000 in 2014 ( Figure 2). The proportion of both in situ, 
and invasive carcinoma according to positive screening 
results are different. Cancer detection rate was higher in 
deferred groups than groups with suspected breast cancer, 
and the proportion was increasing from 2009 to 2012 
(Supplementary 2), although cancer detection rate among 
suspected breast cancer was decreasing. 
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Discussion  

When considered with MD, the incidence rate of 
IC was relatively less increasing comparing with CDR 
from 2009– 2013. Furthermore, this finding is consistent 
regardless of tumor type (invasive cancer and carcinoma 
in situ). The ICR among those younger than 50 years was 
the highest of all the groups.

IC is an important indicator of the quality of a breast 
cancer screening program and a predictor for its success 
in reducing breast cancer mortality (Day et al.,1995). 
According to risk of IC, several studies showed a few 
risk factors for IC, such as MD (Hofvind et al., 2009; 
Mandelson et al., 2000), age (Crane et al., 2002; Klemi 
et al., 1997), screening method (i.e. between film 

Incidence rate of IC in breast cancer after notification of 
mammography density 

The incidence rate of IC among negative participants 
increased from 623.3 per 100,000 in 2009, to 676.2 per 
100,000 participants in 2011 and the incidence rate of 
both interval carcinoma in situ, and invasive cancer 
increased (Figure 3) but showed a moderate increased 
comparing with CDR. The incidence rates of interval 
carcinoma in situ even increased in all age groups, while 
the incident rate of interval invasive carcinoma decreased 
among women in their 40s and 60s, and increased among 
women in their 50s and 70s. During the 5 year period, 
the incidence rates of both interval carcinoma in situ, and 
interval invasive carcinoma were highest among women 
in their 40s (Supplementary 3). 
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Figure 1. Annual Trends of CDR from 2009 to 2013. CDR per 100,000 participants was increasing from 2009 to 2013. 
Trends of CDR of in situ cancer and of invasive cancer were also similar. Abbreviations: CDR, crude detection rate; 
PPV, positive predictive value; D05, in situ cancer; C50, Invasive cancer; CDR, the number of patients who tested 
positive and were detected with breast cancer / number of screening participants × 100,000

Figure 2. Trends of PPV from 2009 to 2012. Abbreviations: PPV, positive predictive value; PPV, number of breast 
cancer cases / number of cases with positive screening results × 100,000 
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mammography and digital mammography) (Lowery et al., 
2011; Kerlikowske et al., 2015), and screening interval 
(Tornberg et al., 2005; Hofvind et al., 2009), and the their 
confounding effect.

Sankatsingb et al., (2018) found that the rate of IC at 
initial screening among women aged 49–51 years was 
significantly lower for digital mammography than for 
serial film mammography. This finding corresponds to 
the results of the DMIST trial, which showed a higher 
diagnostic accuracy for digital mammography than film 
mammography or in pre-, and peri-menopausal women 
with dense breasts, under the age of 50 (Pisano et al., 
2008). The difference in the prevalence of IC could be 
dependent on the year of screening. O’Brien, et al., (2015) 
showed that in the first year after screening, the interval 
cancer rate was 5.8 per 10,000 screens, which increased to 
13.2 per 10,000 screens in the second year after screening. 

In previous Korean study using other NCSP data, 
the results of breast cancer screening was inconsistent 
dependent on either both screening interval or MD 
measurement. Lee et al., (2016) reported that the incidence 
rate of IC was 51.7–76.3 per 100,000 negative patients 
in which they used 12 months- interval. The CDR of 
invasive cancer in the present study was higher than that 
of National Cancer Report in the same period (Ministry 
of Health and Welfare et al., 2018), because the latter 
study included all participants regardless of MD reporting.

In contrast, there were no significant differences in 
the CDR of breast cancer screening between the month 
before, and the month after the implementation of breast 
density notification legislation, on breast density reporting 
by radiologists in United States (Bahl et al., 2016). 

Asian  women,  inc luding Korean women, 
characteristically have higher-density breasts than women 
from other ethnic groups (Dai et al., 2014; Bae et al., 
2014; Ohuchi et al., 2016). Consequently, high accuracy 
is difficult to achieve with mammography screening alone. 

In addition, the age-specific incidence of female breast 
cancer in Asia peaks at 40–49 years, whereas in Western 
countries, the peak is at 60–70 years (Leong et al., 2010). 
Asian countries must, therefore, take measures to address 
the accuracy of breast cancer screening in women aged 
40–49 years (Ohuchi et al., 2016). 

According to the Japan Strategic Anti-cancer 
Randomized Trial (J-START) to investigate the efficacy of 
adjunctive ultrasonography, it reported that interval cancers 
were detected in the ultrasonography plus mammography 
(0.05%) group, compared with the mammography-only 
group (0.10%). Additional ultrasonography could reduce 
interval cancer among women aged 40–49 years (Ohuchi 
et al., 2016). Other investigators (Berg et al., 2008; 
Corsetti et al., 2011; Corsetti et al., 2008) had previously 
shown low interval cancer rates among women screened 
with adjunctive ultrasonography. 

Ongoing controversy over the optimal approach to 
breast cancer screening has led to discordant professional 
society recommendations, particularly for women aged 
40–50 years. One potential solution, risk-based screening, 
has been on the rise, where decisions around the starting 
age, stopping age, frequency, and modality of screening 
are based on individual risk, so as to maximize the early 
detection of aggressive cancers, and minimize the harms 
of screening through optimal resource utilization (Shieh 
et al., 2017; Kerlikowske et al., 2019). 

This study had a number of limitations. First, as health 
insurance claim data were used to detect breast cancer 
in the central cancer registry, there may have been some 
differences between the actual incidence of breast cancer 
in the Central Cancer Registry, and the cases detected in 
the present study. In fact, the data from the present study 
excluded patients with end stage breast cancer receiving 
only palliative treatment with no anticancer treatment or 
surgery. However, the number of detected breast cancer 
ranged from 97.3% to 101.1% of the values from the 

Figure 3. Trends of ICR from 2009 to 2013. ICR per 100,000 participants was increasing from 2009 to 2013. Both 
ICR of in situ cancer and ICR of invasive cancer were also increasing. The incidence rate of IC relatively showed a 
moderate increase comparing with a rapid increase of CDR or PPV, especially in invasive cancer. Abbreviations: D05, 
in situ cancer; C50, Invasive cancer IC, interval cancer; ICR, interval cancer rate ICR, number of breast cancer cases 
detected / number of cases with negative screening results from 24 months ago × 100,000 
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central cancer registry during 2009–2012. In addition, 
as most patients with cancer qualified for special case 
calculation, the difference between the number of the 
detected breast cancers in this study and the number in the 
Central Cancer Registry was unlikely to be large enough 
to significantly influence our results. Second, the detection 
of breast cancer may be influenced by symptoms, level of 
exposure to risk factors such as pregnancy, breast feeding, 
hormone treatment, and family history of breast cancer, 
socioeconomic, and educational level. These factors 
could influence either the breast density, or behaviors 
after notified a screening result. We did not include these 
personal factors.

Participants were not well-informed on interval cancer, 
and the limitations of mammography, because the rate of 
IC was relatively low in the biennial screening interval. 
Being in a specific age- group, or having a strong family 
history, in addition to reported mammographic density 
could assist clinicians with choosing supplemental 
examination. The present study showed the specific group 
who needs attention by both clinicians, and policy-makers. 

In conclusion, both CDR, and incidence of IC have 
increased during the 5 year period (2009–2013). After 
reporting MD, the incidence rate of IC relatively less 
increased comparing with CDR or PPV. Screening 
mammography was probably considered to be useful in 
Asian women when reporting MD. Though women whose 
last screening results were normal or benign disease, 
participants should be announced to take care of their 
breast health considering other risk factors, including 
age, and MD. 
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