
pISSN 2383-7837 ∙ eISSN 2383-7845

National quality assurance program using digital 
cytopathology: a 5-year digital transformation experience 
by the Korean Society for Cytopathology
Yosep Chong1, Hyeong Ju Kwon2, Soon Auck Hong3, Sung Soon Kim4, Bo-Sung Kim5, Younghee Choi6, 
Yoon Jung Choi7, Jung-Soo Pyo8, Ji Yun Jeong9, Soo Jin Jung10, Hoon Kyu Oh11, Seung-Sook Lee12,  
The Committee of Quality Improvement of the Korean Society for Cytopathology
1Department of Hospital Pathology, College of Medicine, The Catholic University of Korea, Seoul, Korea
2Department of Pathology, Wonju Severance Christian Hospital, Yonsei University Wonju College of Medicine, Wonju, Korea
3Department of Pathology, Chung-Ang University College of Medicine, Seoul, Korea
4Department of Pathology, Chonnam National University Medical School, Gwangju, Korea
5Department of Pathology, Green Cross Laboratories, Yongin, Korea
6Department of Pathology, Hallym University Dongtan Sacred Heart Hospital, Hwaseong, Korea
7Department of Pathology, Yongin Severance Hospital, Yonsei University College of Medicine, Yongin, Korea
8Department of Pathology, Eulji University Hospital, Eulji University School of Medicine, Seoul, Korea
9Department of Pathology, Seegene Medical Foundation, Daegu Gyeongbuk Laboratory, Daegu, Korea
10Department of Pathology, Inje University Busan Paik Hospital, Busan, Korea
11Department of Pathology, Daegu Catholic University School of Medicine, Daegu, Korea
12Department of Pathology, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

ORIGINAL ARTICLE

Journal of Pathology and Translational Medicine 2025; 59: 320-333
https://doi.org/10.4132/jptm.2025.06.27

National Quality Assurance Program Using Digital Cytopathology: A Five-Year 
Digital Transformation Experience by the Korean Society for Cytopathology

Chong YS et al. Journal of pathology and translational medicine

25-0096

DC is a reliable and effective modality for cytopathology QAP. It demonstrates diagnostic equivalence to conventional 
methods and high user satisfaction, supporting its broader implementation in national QA frameworks.CONCLUSION

Key Programs and Tools Results

2020

2022

2023

2024

CytoAcademy
e-Learning

Digital PT 
(Proficiency Testing)

SAT
(Sample Adequacy 

Testing)

SAM
(Self-Assessment 

Module)

48 (2020)

93 (2024)

Participation 
growth

29 (2022)

71 (2024)

Participation 
growth 56 participants

Introduced in 
2023

Online platform

Launched in 
2023

Diagnostic Concordance (Digital PT vs Conventional PT)

User Satisfaction (Survey Results)

85% satisfaction 
with PT image 

quality

90% positive 
feedback on SAT 

and SAM

100% satisfaction 
with customizable PT 
module (since 2023)

Glass
DP

Glass
DP

Glass
DP

Glass
DP

Glass
DP

0.5%
1.8%

1.7%
1.3%

1.1%
0.6%

0.6%
0.5%

0.9%
0.9%

20
24

20
23

20
22

20
21

20
20

83.7%
81.3%
82%

81.3%
85.1%
84.6%
84.3%
81.5%
81.9%
77.6%

Concordant Minimal discordance
Minor discordance Major discordance

Graphical abstract

http://crossmark.crossref.org/dialog/?doi=10.4132/jptm.2025.06.27&domain=pdf&date_stamp=2025-09-15


320

© 2025 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licens-
es/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 2383-7837 ∙ eISSN 2383-7845

National quality assurance program using digital 
cytopathology: a 5-year digital transformation experience 
by the Korean Society for Cytopathology
Yosep Chong1, Hyeong Ju Kwon2, Soon Auck Hong3, Sung Soon Kim4, Bo-Sung Kim5, Younghee Choi6, 
Yoon Jung Choi7, Jung-Soo Pyo8, Ji Yun Jeong9, Soo Jin Jung10, Hoon Kyu Oh11, Seung-Sook Lee12,  
The Committee of Quality Improvement of the Korean Society for Cytopathology
1Department of Hospital Pathology, College of Medicine, The Catholic University of Korea, Seoul, Korea
2Department of Pathology, Wonju Severance Christian Hospital, Yonsei University Wonju College of Medicine, Wonju, Korea
3Department of Pathology, Chung-Ang University College of Medicine, Seoul, Korea
4Department of Pathology, Chonnam National University Medical School, Gwangju, Korea
5Department of Pathology, Green Cross Laboratories, Yongin, Korea
6Department of Pathology, Hallym University Dongtan Sacred Heart Hospital, Hwaseong, Korea
7Department of Pathology, Yongin Severance Hospital, Yonsei University College of Medicine, Yongin, Korea
8Department of Pathology, Eulji University Hospital, Eulji University School of Medicine, Seoul, Korea
9Department of Pathology, Seegene Medical Foundation, Daegu Gyeongbuk Laboratory, Daegu, Korea
10Department of Pathology, Inje University Busan Paik Hospital, Busan, Korea
11Department of Pathology, Daegu Catholic University School of Medicine, Daegu, Korea
12Department of Pathology, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

Background: Digital cytopathology (DC) is emerging as a transformative approach in quality assurance programs (QAP), though its comprehen-
sive evaluation remains limited. Since 2020, the Korean Society for Cytopathology has progressively incorporated DC into its national QAP, in-
cluding digital proficiency testing (PT), sample adequacy testing (SAT), a customizable PT module, and a self-assessment module (SAM), aiming 
for full digital implementation by 2026. Methods: This 5-year study assessed diagnostic concordance between conventional and digital PT for-
mats and analyzed participant feedback on service quality and digital image usability across PT, SAT, and SAM. Parallel testing was conducted 
during the transitional phase, and satisfaction was measured through structured surveys. Results: Participation in digital PT increased from 48 
institutions in 2020 to 93 in 2024, while digital SAT participation rose from 29 to 71 between 2022 and 2024. In 2023, 56 institutions joined SAM. 
Diagnostic concordance rates were comparable between digital and conventional PTs (78.6%–84.6% vs. 82.0%–85.1%), including similar cate-
gory C (major discordance) rates. Satisfaction with digital PT services and image quality exceeded 85%, and over 90% of institutions reported 
positive feedback on SAT and SAM. Over 80% were satisfied with the customizable PT module. Conclusions: DC is a reliable and effective modal-
ity for cytopathology QAP. It demonstrates diagnostic equivalence to conventional methods and high user satisfaction, supporting its broader 
implementation in national quality assurance frameworks.

Keywords: Cytology; Image interpretation, computer-assisted; Microscopy, computer-assisted; Quality assurance; Quality control; Proficiency 
testing; Sample adequacy testing; Diagnostic concordance
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INTRODUCTION

Quality assurance programs (QAP) are fundamental in en-

suring the accuracy, reliability, and consistency of diagnostic 
cytopathology. In recent years, digital cytopathology (DC) has 
emerged as a transformative innovation in enhancing QAP 
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frameworks, leveraging advancements in whole-slide imaging 
(WSI) technology and artificial intelligence (AI) [1-6]. While 
DC is increasingly adopted for applications like proficiency 
testing (PT), its broader efficacy in structured and multifaceted 
QAP implementations remains underexplored [4]. Current 
limitations include insufficient experience and unfamiliarity 
with digital tools, suboptimal image quality, and a lack of com-
prehensive validation studies, which hinder its full-scale adop-
tion in conventional QAP programs and individual lab’s routine 
cytopathology quality control activities.

The Korean Society for Cytopathology (KSC) has a 
long-standing history of conducting national QAPs, beginning 
with the Continuous Quality Improvement (CQI) program in 
1995 [7-9]. This program includes five main components: an 
annual survey of cytopathological statistics, an on-site labora-
tory evaluation, a diagnostic PT, a sample adequacy test (SAT), 
submission of candidate slides for diagnostic PT. The diagnostic 
PT was performed using five glass slides per laboratory, includ-
ing two gynecologic (GYN) samples, two body fluid samples/
urine, and one fine-needle aspiration (FNA) cytology sample. 
These components provided a structured approach to evaluate 
laboratory performance and improve diagnostic accuracy and 
have shown a significant contribution to the improved cytopa-
thology practice performance quality by enhancing diagnostic 
accuracy that was presented in a gradual decrease of major dis-
cordant cases in diagnostic PT over time. However, challenges 
in conventional QAP using glass slides such as donation glass 
slide shortages, labor-intensive workflows for QAP committee 
members, and logistical risks, including slide damage and pa-

tient information leaks, necessitated an adoption of DC. Since 
2020, the KSC has gradually incorporated DC into its QAP, 
including digital PT and SAT, conducting parallel evaluations 
by allowing institutions to participate in digital PT and SAT on 
an optional basis [10]. During this digital transformation, more 
than 3000 slides from the archives of QAP were digitized and 
could also be used for launching CytoAcademy, a mobile/web-
based online education platform, in 2023 [11]. With plans for 
full digital implementation by 2026, participation in DC QAP 
activities has steadily grown, with 93 out of 213 institutions 
now engaged in digital PT and 71 in SAT by 2024.

This study is to report the 5-year digital transformation jour-
ney of the KSC QAP, focusing on its design, implementation, 
and outcomes. Through a comparative analysis of diagnostic 
concordance rates between digital and conventional PTs, as well 
as feedback on service and image quality, the study aims to as-
sess the effectiveness and user satisfaction of DC in QAP. Addi-
tionally, it seeks to provide practical insights and key takeaways 
gained from real-world QAP experiences.

MATERIALS AND METHODS

Overview of CQI program of the KSC
Fig. 1 provides an overview of the CQI program conducted 
by the KSC. The program operates through a structured an-
nual cycle, beginning with the Cytology Statistics Survey in 
January and February, where participating institutions report 
data on their cytopathological activities in the previous year. 
This is followed by On-site Assessments in conjunction with 

Fig. 1. Overview of Continuous Quality Improvement Program by the Committee of Quality Improvement of the Korean Society for Cytopa-
thology. PT, proficiency test.
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Korean Society of Pathologists (KSP) between April and June, 
during which two or more KSC and KSP members evaluates 
the facilities, workflows, and practices of participating labora-
tories to ensure compliance with quality standards using QAP 
cytopathology checklists. In May and June, institutions take 
part in PT, also known as diagnostic accuracy testing, which 
assesses diagnostic accuracy through either conventional (glass 
slides) or DC methods. Subsequently, in September and Oc-
tober, the SAT evaluates the quality of sample preparation and 
the authenticity of the report of each laboratory, providing an 
additional layer of quality assurance. Finally, the program con-
cludes with the donation of slides for PT from November to 
December, where laboratories contribute samples that will be 
used for the next cycle of PT. Since 2020, from PT to SAT, KSC 
introduced a parallel testing using either glass slides or digital 
WSIs on an optional basis. This systematic approach ensures a 
continuous feedback loop for enhancing diagnostic quality and 
supports the gradual integration of digital tools into routine cy-
topathology practices.

Annual survey on the cytopathology statistics using 
online CQI system
In 2018, KSC renovated a web-based online CQI system for the 
annual survey (Supplementary Fig. S1). This system collects 
questionnaires and written informed consent from all regis-
tered cytopathology laboratories performing cytopathologic 
examinations in Korea. The survey gathers statistical data on 
overall cytologic examinations, including the number of GYN 
cases by diagnostic category, GYN sample adequacy, cytolo-
gy-histology correlation review (CHCR) results, the number of 
discordant cases based on concordance assessment criteria, and 
the case number screened by cytotechnicians.

The diagnostic concordance between cytologic findings 
and corresponding histology is categorized as concordant 
(category O) or one of three discordant categories: category A 
(minimal clinical impact), category B (minor clinical impact), 
and category C (major clinical impact). Each institution de-
velops its CHCR criteria based on internal laboratory quality 
assurance (QA) guidelines, while the CQI KSC provides dis-
cordance assessment criteria for PT as a reference for CHCR 
evaluations. Participating institutions are classified into three 
groups: university hospitals, general hospitals, and commercial 
laboratories. The survey results analyze overall cytologic exam-
ination statistics by category, including GYN, FNA, and non-
GYN/non-FNA samples. The non-GYN/non-FNA category 

encompasses urine, body fluids, respiratory tract samples (such 
as sputum, bronchial washing, brushing, and bronchoalveolar 
lavage), cerebrospinal fluid, and more. Endoscopic bronchial 
ultrasonography-assisted aspiration cytology samples are clas-
sified as FNA rather than body fluids. Additionally, cystic fluids 
from anatomical body cavities, including the pleural, peritone-
al, and pericardial cavities, are categorized as body fluids, even 
when obtained via needle aspiration.

On-site laboratory assessment by CQI KSC/KSP com-
mittee members using QAP checklists (Redbook)
Fig. 2 illustrates the on-site laboratory evaluation process 
conducted by the KSC as part of its CQI program, occurring 
between April and June each year in conjunction with KSP. 
During this phase, evaluators (volunteer members of KSC and 
KSP) visit laboratories in person, including university hospital 
labs and commercial labs, to assess their diagnostic processes 
and overall compliance with quality standards. The evaluation 
involves reviewing laboratory workflows, documentation, and 
diagnostic records to identify areas for improvement accord-
ing to KSP/KSC QAP checklist. The checklist is organized 
into multiple chapters covering key areas of pathology QAP. It 
includes sections on various diagnostic and research domains 
such as autopsy (A), biobank management (B), cytopathology 
(C), basic information of the institute and personnel (D), elec-
tron microscopy (E), morphometric analysis (F), general con-
siderations for lab management (G), immunohistochemistry 
(I), molecular pathology including next-generation sequencing 
(M), diagnostic quality improvement (Q), surgical pathology 
(S), and digital pathology (W). Each institution is evaluated 
only for the pathology examinations it performs. After thor-
ough assessment, evaluators provide detailed feedback through 
official reports, which include QAP scores, observations, and 
recommendations tailored to each institution. These reports are 
then distributed back to the laboratories, serving as actionable 
guides for addressing deficiencies and enhancing quality prac-
tices. This process ensures that both academic and commercial 
labs maintain high standards in cytopathology, fostering a cul-
ture of continuous improvement and accountability.

For university hospitals and general hospitals, two evaluators 
conduct an on-site inspection every 2 years. If the laboratory 
receives grade A, the following year’s inspection is replaced 
with a document review. If it receives grade B, another on-site 
inspection is conducted the next year. A grade C results in con-
ditional accreditation, and if a laboratory receives conditional 
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accreditation for two consecutive years, its accreditation is re-
voked. For commercial laboratories, a team of four expert eval-
uators conducts an on-site inspection annually, with the same 
grade-based measures applied.

Diagnostic PT
Fig. 3 illustrates the diagnostic PT process conducted by the 

KSC, which occurs annually from May to June. Among the his-
tology-confirmed cytology cases collected from participating 
laboratories 2 years in advance, five randomly selected cases 
(2 GYN, 1 respiratory tract, 1 body fluid or urine, 1 FNA) are 
dispatched to each participating laboratory. The laboratories 
are then asked to analyze the test slides and submit their diag-
nostic interpretations to the KSC via an online platform. For 

Fig. 3. Diagnostic proficiency test using conventional glass slides and digital pathology. BF, body fluid; FNA, fine needle aspiration; GYN, 
gynecologic cytology; PT, proficiency test; QAP, quality assurance program; R, respiratory tract sample; Ur, urine.
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those wishing to apply for digital PT, six digital WSIs (2 GYN, 
1 respiratory tract, 1 body fluid, 1 urine, 1 FNA) are randomly 
assigned to each laboratory online (Fig. 4). During this process, 
approximately 30 WSIs are selected from a pool of 60 or more 
WSIs by CQI Committee members in advance, and a different 
set of randomly selected 6 WSIs is assigned to each laboratory 
to prevent potential misconduct due to communication be-
tween participants. These interpretations are then assessed by 
the KSC CQI Committee members to determine diagnostic 
accuracy, with results and feedback provided to the laborato-
ries in detailed reports. The diagnostic concordance between 
original and submitted cytologic diagnoses is categorized as 
concordant (category O) or one of three discordant categories: 
category A (minimal clinical impact), category B (minor clin-
ical impact), and category C (major clinical impact) according 
to the discordance assessment criteria developed and provided 
by CQI KSC. To assess the efficiency and differences between 
these two methods, the diagnostic performance of participating 
institutions is collected and compared.

In 2023, a customizable PT module was introduced to digital 
PT to address the growing demand for flexibility. Most commer-
cial laboratories primarily handle GYN cytology cases, whereas 
university hospital laboratories more commonly deal with non-
GYN cytology. To accommodate these differences, participating 

institutions were given the option to select an additional PT 
module tailored to their case characteristics. From 2023 onward, 
each laboratory could choose either four additional GYN or 
non-GYN cases, in addition to the original PT module.

Sample adequacy test
Fig. 5 illustrates the annual process of conventional and digital 
SAT from September to October. For conventional SAT, par-
ticipating institutions collect and submit their physical GYN 
cytology slides with five consecutive numbers on the designat-
ed date of the previous year, along with corresponding reports 
on sample adequacy. The collected slides are assessed under a 
microscope by KSC CQI Committee members to determine 
whether the sample adequacy of each slide correlates with the 
corresponding report. Alternatively, for digital SAT, a pool of 
GYN cytology slides with satisfactory and unsatisfactory sam-
ple adequacy is prepared and digitized by KSC CQI Committee 
members in advance and distributed electronically, allowing 
participants to evaluate the adequacy of samples via digital plat-
forms, similar to digital PT.

Donation of samples (slides/digital images) for the 
next rounds of PT
Fig. 6 illustrates the process of slide/digital image donation and 

Fig. 4. A representative case image of digital diagnostic proficiency test via an online platform.
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Fig. 5. Conventional and digital sample adequacy test. CQI KSC, Continuous Quality Improvement Korean Society for Cytopathology; DC, 
digital cytopathology; GYN, gynecologic cytology.
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RESULTS

Participating institutions for digital PT, SAT, and SAM
Fig. 7A shows the number of institutions participating in con-
ventional glass slide-based versus DC-based diagnostic PT 
from 2020 to 2024. In 2020, 48 institutions participated in the 
trial digital PT, and 107 institutions participated first official 
digital PT while 108 institutions participated conventional in 
2021. Although the number of institutions participating digital 
PT transiently decreased to 81 institutions in 2022, it has been 
increasing gradually as 86 and 93 in the following years. Fig. 7B 
shows the number of institutions participating SAT. In 2022, 
29 institutions joined the digital SAT program, growing to 57 
in 2023 and reaching 71 in 2024. Concurrently, participation in 
the conventional SAT program declined, indicating a gradual 
shift towards digital method. Fig. 7C shows a breakdown of in-
stitutions engaged in the process of slide/digital image donation 
or SAM initiated in 2023. Out of 150 participating institutions, 
10 submitted digital images, 56 engaged in the SAM, and 84 
remained to submit conventional glass slides with matching 
histology slides.

Digital diagnostic PT
Fig. 8 shows the diagnostic concordance rates between digital 
and conventional PT tests, categorized into four levels: Category 
O (concordant), A (minimal discordance), B (minor discor-
dance), and C (major discordance). For conventional PT using 
glass slides, the concordant rates ranged from 81.9% to 85.1% 
between 2020 and 2024, while for digital PT, the concordant 
rates varied from 78.6% to 84.6%. These ranges were not signifi-
cantly different from each other. The gap between the concor-
dance rates of digital and conventional PT gradually decreased 
from 4.3 percentage points in 2020 to 0.7 percentage points in 
2023, but increased to 5 percentage points in 2024. This reversal 
in 2024 may be attributable to the inclusion of more challenging 
cases that year and the influx of new participants still adapting 
to the digital format, as well as subtle variations in image quality 
despite overall high image quality satisfaction.

In category A, conventional PT results ranged from 13.4% to 
17.0% and digital PT showed a similar range of 13.3% to 17.5%. 
For category B, both modalities consistently remained under 
2.0%, with conventional PT ranging between 0.6% and 1.7% and 
digital PT between 0.5% and 1.9%. Finally, category C, reflecting 
major discordance, showed the lowest rates for both methods. 

Fig. 7. Participating institutions for conventional and digital diagnostic proficiency test (PT) (A), sample adequacy test (SAT) (B), and self-as-
sessment module (C).

48

107
81 86 93

168

108
130 127 120

0

50

100

150

200

250

2020(시범) 2021 2022 2023 2024

Participating institutions for conventional and digital 
diagnostic proficiency testing

디지털정도관리참여기관 유리슬라이드정도관리참여기관

29
57 71

182
156 142

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

2022 2023 2024

Participating institutions for conventional and 
digital sample adequacy evaluation test

디지털정도관리참여기관 유리슬라이드정도관리참여기관

10

56

150

Participating institutions for donation of 
slide/digital image or self-test training

디지털이미지제출기관

셀프테스트

유리슬라이드제출기관
(Trial)

A

B

C

Participating institutions for conventional and digital 
diagnostic proficiency testing

Participating institutions for conventional and 
digital sample adequacy evaluation test

Participating institutions for donation of 
slide/digital image or self-test training

■ Digital SAT  ■ Conventional SAT

■ Digital image donation 
■ Self-test training
■ Glass slide donation

■ Digital diagnostic PT  ■ Conventional diagnostic PT



https://doi.org/10.4132/jptm.2025.06.27 327

 Chong Y et al. 

Glass slide results varied from 0.5% to 0.6%, while digital PT 
displayed a slightly higher range from 0.5% to 1.8%.

It is impossible to directly compare the diagnostic concor-
dance between conventional and digital PT because the cases 
used in each method were different. However, the overall per-
formance of participating institutions in PT was not significant-
ly different between different methods.

Feedback survey for digital PT, digital SAT, and SAM
Fig. 9 shows the satisfaction levels of participating institutions 
with the digital PT, digital SAT, and SAM. For the digital PT, 
satisfaction with general services and image quality showed 
relatively good response that only less than 15% of response 
was negative throughout the years (Fig. 9A, B). For the custom-
izable PT module (introduced in 2023), there was no negative 
response demonstrating widespread acceptance of the flexi-
bility and relevance of this module (Fig. 9C). Similarly, in the 
digital SAT and SAM conducted in 2023, there was no negative 
response (Fig. 9D, E). Across all tests, “Bad” and “Little bad” 
ratings were minimal, indicating the overall successful digital 
transformation and its alignment with participant expectations.

DISCUSSION

The five-year digital transformation of the CQI program of 
KSC has been substantial, progressing at a moderate yet steady 

pace, marking a significant milestone in modernizing QAP in 
cytopathology in Korea. Participation in digital PT and SAT has 
steadily increased, with over 43.6% and 33.3% of total institu-
tions engaged by 2024, respectively. Concordance rates between 
digital and conventional PT have shown comparable results, 
validating the feasibility of DC for PT. Moreover, participating 
institutions reported high levels of satisfaction with the inte-
gration of DC into PT and SAT, particularly appreciating the 
customizable PT modules tailored to meet the specimen char-
acteristics of each individual laboratory. Through the online 
education platform, CytoAcademy—developed using digitized 
QAP WSIs—cytopathologists from participating laboratories 
have become more familiar with interpreting digital WSIs via 
SAM, supported by comprehensive feedback.

Advantage of DC in QAP
DC provides significant advantages in the QAP by addressing 
the logistical and operational limitations of traditional glass 
slide-based systems. The use of WSI eliminates risks associated 
with slide damage, misplacement, and transportation. Digital 
systems also streamline workflows by enabling remote eval-
uation and facilitating interlaboratory comparisons through 
cloud-based platforms. The customizable testing modules 
introduced in 2023 further enhance the program's flexibili-
ty, allowing institutions to tailor their testing approaches to 
meet specific needs. Conventional glass slide-based QAP faces 

Fig. 8. Diagnostic concordance rates of proficiency test (PT) using glass versus digital cytopathology (DC). O, concordant; A, minimal discor-
dance; B, minor discordance; C, major discordance.
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several challenges, including the considerable time and effort 
required to collect and distribute QA slides from participating 
institutions. There are persistent difficulties in securing an 
adequate number of high-quality cases, concerns regarding 
the diagnostic reliability of certain slides, and biases due to the 
overrepresentation of specific diagnostic categories. Addition-
ally, the variability in slide assignments across institutions can 
result in inconsistent levels of difficulty for diagnostic PT.

DC effectively overcomes these limitations. By utilizing dig-
ital slides, it ensures standardized case distribution, providing 
equal levels of difficulty and consistent diagnostic challenges for 

all participants. This approach eliminates biases related to case 
selection and improves the reliability of diagnostic assessments. 
Moreover, the ease of sharing and replicating digital cases facili-
tates the creation of a diverse and balanced case pool, enhancing 
the overall quality and fairness of QAP evaluations. Overall, DC 
contributes to increased efficiency, better resource management, 
and improved accessibility for participating laboratories.

Overall feedback for user experience
Feedback from participants over the 5-year period highlights 
generally high satisfaction rates with the digital transformation. 
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By 2024, over 85% of participants rated positively for general 
service and image quality. Similarly, 71% of participants ex-
pressed high satisfaction with the customizable module intro-
duced in 2023, and 92% rated the SAM positively. However, the 
lack of familiarity with DC among many cytopathologists still 
remains one of the biggest barriers to its widespread adoption, 
emphasizing the need for continuous education and training.

Current status of QAP/PT using DC in major countries
Globally, QAP have begun incorporating DC, particularly in the 
domain of PT. The UK National External Quality Assessment 
Service (UK NEQAS) and the Royal College of Pathologists of 
Australasia Quality Assurance Programs (RCPAQAP) have im-
plemented digital diagnostic PT, primarily for non-gynecologic 
samples, utilizing WSI [12]. These initiatives remain at variable 
stages of maturity, with standardization of assessment criteria 
and accreditation integration still evolving. The KSC provides 
a valuable benchmark, having successfully established a fully 
digital, nationwide cytology PT program, demonstrating both 
scalability and practical feasibility.

United States, Canada, and Australia
In the United States, the Clinical Laboratory Improvement 
Amendments (CLIA) mandate participation in Centers for 
Medicare & Medicaid Services (CMS)–approved PT for indi-
viduals interpreting gynecologic cytology [12]. As of 2025, the 
College of American Pathologists (CAP) and the American 
Society for Clinical Pathology (ASCP) continue to offer such 
programs, primarily using glass slides, although CAP has in-
troduced digital modules for non-gynecologic cytology [4,12-
14]. Digital PT adoption is expanding gradually, currently only 
for educational modules, with ongoing validation of diagnostic 
concordance between digital and conventional formats.

Canada has adopted a hybrid model for cytology PT. The 
Institute for Quality Management in Healthcare (IQMH) incor-
porates digital WSI cases alongside conventional glass slides in 
both gynecologic and non-gynecologic surveys [1,15]. Despite 
this progress, digital PT remains supplementary, with broader 
implementation under evaluation.

Australia has made significant strides, with RCPAQAP of-
fering biannual digital PT for non-gynecologic cytology using 
secure web-based WSI platforms [12,16]. Gynecologic cytol-
ogy PT continues to rely on glass slides. RCPAQAP’s digital 
programs are ISO 17043-accredited and exemplify the region’s 
advanced integration of digital formats into cytology QA.

Europe
The UK NEQAS has developed a web-based Digital Interpre-
tative Diagnostic Cytopathology Program, currently conducted 
twice yearly with 12 distributed cases per round [12]. This 
voluntary scheme, operated by the UK NEQAS for Cellular 
Pathology Technique (CPT), is not yet tied to formal laboratory 
accreditation but serves as a recognized educational and QA 
tool [12]. The program enables participants to evaluate whole 
slide images of non-gynecologic cytology cases using an online 
viewer, promoting digital competency and interlaboratory con-
sistency.

In France, external quality assessment (EQA) in cytopathol-
ogy has traditionally been managed by Association Française 
d’Assurance Qualité en Anatomie et Cytologie Pathologiques 
(AFAQAP), which primarily relies on glass slide circulation 
and static image sets [12,17]. While digital pathology is gaining 
ground in histopathology EQA schemes, full-scale implemen-
tation of digital PT in cytology is still limited. Recent discus-
sions within the French Society of Clinical Cytology (SFCC) 
have emphasized the need to explore WSI-based digital testing, 
particularly in response to technical limitations and logistical 
challenges in distributing physical slides. However, as of 2025, 
DC PT remains exploratory and lacks integration into formal 
accreditation requirements.

In Germany, the QuIP GmbH consortium (Quality Assur-
ance Initiative Pathology) oversees EQA programs in collabo-
ration with the German Society of Pathology [12,18]. Cytology 
PT primarily uses conventional formats, though digital patholo-
gy is expanding through educational initiatives and preliminary 
pilot studies. Technical challenges related to z-stack scanning 
and cytologic detail have slowed adoption of digital PT. None-
theless, QuIP and the German cytology community are actively 
evaluating WSI applications, particularly in non-gynecologic 
cytology, as part of ongoing QA modernization.

In Italy, regional initiatives have demonstrated early implemen-
tation of digital PT [12]. Notably, the Emilia-Romagna region 
conducted DC PT programs using scanned slides and centralized 
review platforms. These efforts, supported by local pathology so-
cieties and regional health authorities, showed promising results 
in diagnostic concordance and participant satisfaction. Although 
Italy lacks a nationwide digital PT framework, the Italian Soci-
ety of Pathology and Cytology (SIAPeC-IAC) is advocating for 
broader adoption, leveraging successful regional pilots as models 
for national integration.

In the Scandinavian countries, particularly Sweden and 
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Denmark, digital PT has progressed through collaborative pro-
grams organized by national cytology societies [12]. Sweden’s 
KVAlitets- och STandardiseringskommittén (KVAST) group 
has incorporated WSI into national QA rounds, particularly for 
non-gynecologic cytology such as effusions and FNAs. Equalis, 
a major EQA provider, offers digital slide-based assessments 
accessible through secure platforms. These programs are vol-
untary but widely accepted, reflecting a high degree of digital 
readiness. Denmark and Finland have shown growing interest 
and often share digital infrastructure and QA protocols within 
the Nordic collaborative network.

In Spain, the Spanish Society of Cytology (SEC) has imple-
mented a web-based digital QAP for liquid-based cervical cy-
tology since 2020 (https://www.secitologia.org) [19]. The pro-
gram, consisting of two rounds per year with eight cases each, 
is voluntary but has seen growing participation. It has been ISO 
17043-accredited and aims to become a mandatory component 
of cytology laboratory accreditation. Other sample types have 
yet to be included, largely due to technical barriers in scanning 
and standardizing certain cytologic specimens.

Japan and Taiwan
In Japan, PT in cytology continues to rely on traditional meth-
odologies. The Japanese Society of Clinical Cytology (JSCC) 
oversees certification and QA, with digital PT not yet nationally 
implemented [20]. While digital pathology has seen increased 
use for education and teleconsultation, formal digital PT pro-
grams in cytology remain limited to small-scale pilots without 
national standardization.

Taiwan has not yet established a formal DC PT program [21]. 
PT by The Taiwan Society of Clinical Cytology remains glass-
based, though leading institutions have adopted WSI for diag-
nostics and education. Participation in international digital PT 
programs, such as those by CAP, has provided indirect expo-
sure. The Taiwan Society of Clinical Cytology is evaluating the 
feasibility of digital QA integration in the near future, reflecting 
a growing readiness to transition toward digital PT frameworks.

Research projects, education platform development 
using digitized QAP archive slides
Through the digitization of QAP slides. KSC has undertaken 
significant initiatives to enhance cytopathology education and 
research [11,22-25]. By digitizing over 7,000 QAP slides, the KSC 
developed “CytoAcademy,” a web- and mobile-based e-learning 
platform designed to provide comprehensive educational resourc-

es for cytopathologists and cytotechnologists [11]. Launched in 
March 2023, CytoAcademy offers basic sessions for each organ 
system, on-demand lectures, a WSI archive, and SAM, facilitating 
continuous medical education in cytopathology.

In parallel, National Cancer Center and three other major 
institutions in Korea conducted a national AI dataset project in 
collaboration with KSC CQI Committee, “The OPEN AI Data-
set Project,” funded by National Information Society Agency 
(NIA) in Korea, aiming to construct a comprehensive dataset 
for AI applications in non-gynecological cytopathology [22-
25]. This project amassed 5,500 WSIs encompassing 11 cancer 
types across five specimen categories, serving as a foundation 
for developing over ten AI models focused on cancer detection. 
These efforts show the significant potential for QAP utilizing 
DC to be leveraged in various national-level AI research and 
cytopathology education endeavors [26,27].

Diagnostic concordance assessment criteria for diag-
nostic proficiency test
In diagnostic PT, various systems have been proposed to assess 
diagnostic concordance between cytotechnologists and pathol-
ogists, as well as between cytological and histological diagnoses. 
For instance, the CAP utilizes a PT program that evaluates lab-
oratories based on their concordance with intended responses, 
categorizing results as acceptable or unacceptable. An unsuc-
cessful event indicates that the laboratory did not achieve over-
all acceptable concordance with the intended responses, neces-
sitating a review and assessment of all unacceptable responses 
to identify areas requiring improvement. In the recent study 
by Caputo et al. [28], the authors assessed interobserver vari-
ability in lymph node cytology using the Sydney system. They 
introduced a “delta” metric to quantify diagnostic discordance, 
where a delta of 0 indicates perfect agreement, and a delta of 1 
signifies a one-step disagreement, such as classifying a benign 
case as atypical. This approach allowed for a nuanced analysis 
of diagnostic discrepancies among cytopathologists.

Despite these efforts, there is currently no universally es-
tablished system or consensus for such assessments. In this 
context, the KSC has implemented a diagnostic concordance 
assessment system that classifies results into four categories 
according to clinical impact of the discordancy level: O, con-
cordant; A, minimal discordance; B, minor discordance; and 
C, major discordance. This stratification allows for a nuanced 
evaluation of diagnostic accuracy and helps identify specific 
areas needing improvement.

https://www.secitologia.org
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Looking ahead, as AI models become increasingly integrated 
into cytopathology, it is crucial to develop discordancy assess-
ment criteria that go beyond simple diagnostic accuracy [26,27]. 
Comparative evaluations between AI-based cytological diag-
noses and human cytological diagnoses, as well as between AI-
based cytological diagnoses and histological diagnoses, will be 
essential. Such comprehensive assessment systems will not only 
facilitate the validation of AI models but also ensure their reli-
ability and effectiveness in clinical practice. Therefore, further 
research and development in this area are very important.

Future strategy to increase digital intimacy
To further enhance digital intimacy, the KSC plans to expand 
training programs and develop more intuitive user interfaces to 
improve the accessibility of digital tools. Introducing AI-driven 
analytics for rapid feedback and error detection can also sup-
port laboratories in adapting to digital workflows. Additionally, 
fostering international collaboration and knowledge sharing 
through workshops and conferences will help establish global 
standards for DC, promoting its adoption in QAP worldwide.
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