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Continuous Quality Improvement (CQI) program of the Ko-
rean Society for Cytopathology (KSC) program began in 1995 
and consists of four rounds of annual external quality assurance 
programs (QAP): 1, an annual survey of the statistics of cytopa-
thological examinations; 2, sample adequacy evaluation test; 3, 
submission of candidate slides for diagnostic proficiency test (PT); 
and 4, diagnostic PT performed using five glass slides from each 
laboratory (two gynecologic samples [GYN], two body fluids 
[BF], and one fine-needle aspiration cytology [FNAC] sample) 

[1-4]. In 2020, the KSC CQI program started introducing a dig-
ital proficiency test (DPT) owing to various problems with con-
ventional diagnostic PT using glass slides [2,3]. 

As of 2019, 208 cytopathology laboratories in Korea have 
participated in this QAP, reporting over 10 million cytopatho-
logical examinations nationwide, and diagnostic PT has been 
performed using 1,081 glass slides [5,6]. In 2018, the Commit-
tee of CQI of the KSC introduced an online management system 
to collect statistics and PT results to handle the general QAP 
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(Supplementary Fig. S1) [6,7]. The CQI KSC has successfully 
increased the sample adequacy, reduced the number of major 
discordant cases among cytology–histology correlation reviews 
(CHCR) of internal QAP (from 1.6% to 0.5%), and increased 
the concordance rate in diagnostic PT during the last two decades 
with all these efforts in adjunction with the National Cancer 
Screening Program [2,6].

However, the current PT using glass slides is accompanied 
with an insufficient supply of test slides from the participating 
laboratories, time- and labor-intensive work of eligibility assess-
ment, risk of damage or loss of glass slides during transportation, 
risk of patient personal information leakage, impaired credibility 
of a few cases, unequal distribution of QAP cases, and storage-
associated problems such as discoloration and contamination. 
Thereafter, the KSC decided to adopt a digital pathology tech-
nology for PT in 2021 [2,8]. Because many doubtful opinions re-
main on whether digitally scanned images can deliver subtle dif-
ferences in nuclear features and chromatin patterns of cytologic 
samples satisfactorily, ensuring the quality of test slides for diag-
nostic PT is important. However, the international QAPs that 
started digital diagnostic PT, such as the UK National External 
Quality Assessment Service (NEQAS) and Royal College of Pa-
thologists of Australia QAP (RCPAQAP), are still in their ele-
mentary stage, and a comparative analysis of the image quality 
of the cytologic slides according to the scanners and optimized 
scanning conditions has not been fully explored [9,10].

Here, we present the results and feedback of diagnostic DPT 
during 2021 and 2022 and a comparative assessment of the 
whole-slide images of cytologic samples for QAP according to 
the major vendors of whole-slide scanners. We performed a com-
prehensive comparative assessment of whole-slide images of vari-
ous cytologic samples using different scanners under various 
scanning conditions to find an optimal image quality of cytolog-
ic slides for digital QAP and provide background information 
on the choice of digital pathology systems appropriate for cyto-
pathologic practice.

       
MATERIALS AND METHODS

Parallel digital pathology and glass PTs and post-test 
feedback survey

Annually, more than 1,000 glass slides were collected by the 
KSC from the donation of participating institutes/hospital in 
South Korea. Out of 7,000 slides of the PT archive, we initially 
selected 258 slides and 85 slides were chosen and scanned after the 
first round of review by the KSC CQI members. The 85 scanned 

images were carefully reviewed by five KSC board members and 
only 30 WSIs were finally selected for the digital PT. Digital and 
conventional PT were performed in parallel for volunteer insti-
tutes among the 215 registered cytopathology laboratories in 
South Korea, and the results were compared with feedback. Con-
ventional PT was performed using five glass slides, including two 
gynecology (Pap smear), one body fluid, one urine, and one FNAC 
sample. Digital PT was performed using six whole slide cytologic 
images, including two gynecology, two body fluids, one urine, 
and one FNAC sample. The diagnostic concordance between the 
cytological diagnosis submitted by the institutes and the origi-
nal diagnosis of the histologically confirmed case was categorized 
as either concordant (category O) or one of the three discordant 
categories: category A (minimal clinical impact), category B (mi-
nor clinical impact), or category C (major clinical impact). The 
criteria for discordance assessment according to sample type were 
developed by the CQI KSC and provided to each institute (Sup-
plementary Table S1–S3).

       
Comparative assessment of whole-slide images of 
cytologic samples based on scanners

For the comparative assessment of cytological assessment WSIs, 
12 cytopathology slides were selected after careful review out of 
the PT archive independently to the PT. The scanning of these 
12 cytological slide was performed using five different scanners 
from major scanner vendors. Each system utilizes its own specific 
image viewer software, it applies to the scanning of glass slides 
and the accompanying image viewer software provided by each 
scanner used under various scanning conditions (Table 1, Supple-
mentary Fig. S1). For instance, AT2 (Leica Biosystems, Nussloch, 
Germany) utilizes ImageScope, Flash 250 III (3DHistech, Buda-
pest, Hungary) employs SlideViewer, NanoZoomer S360 (Ham-
amatsu, Japan) utilizes NDP.view2, and Ventana DP200 (Roche, 
Basel, Switzerland) operates with uPath software. Since the IMS 
viewer of the Ultra-Fast Scanner (Philips, Amsterdam, Nether-
lands) was unavailable, we utilized the Pathomation image viewer 
instead. Scanner specifications, such as capacity, z-stacking, file 
format, size, scan time, and error rate, were assessed. Four cytopa-
thologists assessed image quality using a questionnaire on focus, 
color balance, nuclear/cytoplasmic/chromatin features, etc., using 
different monitors and workstations of their own (Table 2). The 
questionnaire consisted of 17 questions that evaluated the quality 
of the scanned image of a tissue sample. The questions assessed 
the evenness of the magnification, white balance, and color of the 
image, as well as the clarity of the focus and ability to differen-
tiate cells and artifacts. Additionally, questions focused on the 
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clarity of the cytoplasmic and nuclear membranes, ability to as-
sess the texture and chromatin pattern, and presence of necrosis 
in the image. Finally, questions addressed the clarity of the image 
at higher and lower magnifications. For each question, the quality 
was rated as 1 (yes/all), 2 (partially no, <10%), or 3 (no, >10%).

RESULTS
 

Parallel digital pathology and glass PTs and post-test 
feedback survey

In 2020, 216 institutes participated in conventional PT, and 
48 institutes participated in trial digital PT as a supplementary 
test for the third and fourth programs. In 2021, 215 institutes, 
including 85 university hospitals, 80 general hospitals, and 45 
commercial laboratories, participated in PT, 108 institutes par-

ticipated in digital PT, and 107 institutes participated in conven-
tional glass-slide PT. The glass slides for conventional PT were 
collected 2 years prior to PT as a fourth program. In 2022, 211 
institutes, including 85 university hospitals, 80 general hospitals, 
and 45 commercial laboratories, participated in PT, 81 institutes 
participated in digital PT, and 130 institutes participated in 
conventional glass-slide PT. The concordance rates of digital and 
conventional PT based on various sample types are summarized 
in Fig. 1.

In 2020, the overall concordance rates were 77.6% for the 
digital PT and 81.9% for the conventional PT using glass slides 
(Fig. 1A). The concordance rates were not significantly different 
in thyroid fine-needle aspiration (FNA) (digital vs. conventional 
PT, 94.3% vs. 93.8%) and other FNA samples (87.5% vs. 
85.0%), whereas they were significantly lower in the digital PT 

Table 1. Selected slides for image quality comparison

Label Specimen type Diagnosis Z-stacking Layers

C16-092 Pap smear (conventional) Squamous cell carcinoma Yes 5
C16-223 Pap smear (conventional) High grade squamous intraepithelial lesion Yes 5
C-16-141 Pap smear (LBP) Low grade squamous intraepithelial lesion No 1
C-16-005 Pap smear (LBP) Adenocarcinoma No 1
R-17-009 Bronchial washing Squamous cell carcinoma Yes 3
R-18-037 Sputum Squamous cell carcinoma Yes 3
BF-17-016 Pleural fluid Adenocarcinoma Yes 3
BF-17-004 Ascitic fluid Serous carcinoma, metastatic No 1
U-17-030 Urine cytology Papillary urothelial carcinoma, non-invasive, high grade Yes 3
ABC-18-006 Thyroid FNA Papillary carcinoma Yes 3
ABC-17-182 Salivary FNA Pleomorphic adenoma Yes 3
ABC-17-197 Lymph node FNA Metastatic carcinoma (breast) Yes 3

LBP, liquid-based preparation; FNA, fine-needle aspiration.

Table 2. Questionnaire for image quality assessment

No. Questions 1 2 3

1 All the area of the slide were scanned properly? All Partly no (<10%) No (>10%)
2 The scanned image show even magnification in all the area? Yes Partly no No
3 The white balance of the background image is appropriate? Yes Partly no No
4 Is the focus of the image even enough throughout the image? Yes Partly no No
5 Is it easy to differentiate cells and background artifacts such as inflammatory cells and mucinous materials? Yes Partly no No
6 The color of the scanned image is even throughout the image? Yes Partly no No
7 The color of the nuclei is even throughout the image? Yes Partly no No
8 The image of overlapping cells or 3-dimensional clusters is clear enough to interpret? Yes Partly no No
9 Is it easy to differentiate nuclei and cytoplasm of the cells (especially in the overlapping clusters)? Yes Partly no No
10 The cytoplasmic membrane is clear enough to interpret? Yes Partly no No
11 The nuclear membrane is clear enough to interpret? Yes Partly no No
12 Is the image good enough to assess the cytoplasmic texture? Yes Partly no No
13 Is the image good enough to assess the nuclear chromatin pattern? Yes Partly no No
14 Is the image good enough to assess the nucleoli? Yes Partly no No
15 Is the image good enough to assess the necrosis (only apply when the case includes necrosis)? Yes Partly no No
16 Is the focus clear enough in the higher magnification? Yes Partly no No
17 Is the focus clear enough in the lower magnification? Yes Partly no No
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of gynecologic samples (48.6% vs. 74.4%) and significantly 
higher in the digital PT of body fluid (95.0% vs. 85.0%) and 
urine samples (91.2% vs. 78.7%) (Fig. 1A). More cases of minor 
and minimal discordance exist in digital PT than in convention-
al PT. The number of cases with major discordance affecting 
clinical practice was similar, less than 1% for both digital and 
glass PT (0.9%).

In 2021, the overall concordance rates were 81.5% for digital 
PT and 84.3% for conventional PT using glass slides (Fig. 1B). 
The concordance rates were not significantly different in body 
fluid samples (digital vs. conventional, 94.3% vs. 94.4%), respi-
ratory tract samples (90.9% vs. 90.0%), and other FNA samples 
(94.0% vs. 93.5%), while they were moderately lower in digi-
tal PT of gynecologic samples (56.5% vs. 73.1%) and thyroid 

Fig. 1. Concordance rate of digital pathology (DP) and glass proficiency tests in 2020 (A), 2021 (B), and 2022 (C). O, concordancy; A, mini-
mal discordancy; B, minor discordancy; C, major discordancy. GYN, gynecologic samples; FNA, fine-needle aspiration.

A

B

C
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FNA (88.9% vs. 95.4%) and significantly higher in digital PT 
of urine samples (98.1% vs. 79.6%) (Fig. 1B). Cases with mi-
nor discordance were more common in digital PT, whereas cases 
with minimal discordance were similar in both digital and con-
ventional PT. The cases with major discordance were similar, 
with <1% in both digital and glass PT (0.9%).

In 2022, the overall concordance rates were 85.4% for digital 
PT and 79.0% for conventional PT using glass slides (Fig. 1C). 
The concordance rates were not significantly different in body 
fluid samples (digital vs. conventional, 88.1 vs. 90.0%) and re-
spiratory tract samples (96.6% vs. 97.9%), while they were mod-
erately lower in digital PT of gynecologic samples (66.5% vs. 
76.8%), and significantly higher in digital PT of urine (98.6% 
vs. 81.9%), thyroid FNA (100.0% vs. 95.4%), and other FNA 
samples (91.8% vs. 86.8%) (Fig. 1C). Cases with minor and 
minimal discordance were more in conventional PT, and cases 
with major discordance were similar, with <1% in both digital 
and glass PT (0.7% vs. 1.0%).

Significant changes were noted in the results over time in that 
the concordant cases of digital PT significantly increased every 
year, showing better concordance than conventional PT in 2022. 
The cases with minor and minimal discordance in digital PT sig-
nificantly reduced than conventional PT over time, although the 
cases with major discordance were relatively similar every year. 
Regarding the sample types, only cases with minimal discordance 
were more frequent in gynecologic samples in digital PT than in 
conventional PT in 2022. These results indicate that participants 
gradually became familiar with digital platforms in most sample 
types, yet room for progress remains in gynecologic samples, 
where diagnostic categories are complex and highly segmented.

Fig. 2 summarizes the post-test feedback survey after digital 
PT in 2020, 2021, and 2022. All participants (48 institutes for 
digital PT and 168 institutes for conventional PT in 2020, 107 
for digital PT and 108 for conventional PT in 2021, and 82 for 
digital PT and 133 for conventional PT in 2022) submitted 
ratings for the given slides/image quality (Fig. 2A, E, I). In 2020, 
79.7% of the respondents said that the quality of the digital im-
ages was good, whereas only 69.1% said that the conventional 
slides were of good quality (Fig. 2A). In 2021, 72.7% and 71.5% 
of the respondents reported good-quality digital images and 
conventional slides, respectively (Fig. 2E). In 2022, 73.7% and 
71.5% of the respondents reported good-quality digital images 
and conventional slides, respectively (Fig. 2I). In 2020, the per-
centage of respondents who reported bad quality of slides/images 
was slightly higher in the conventional PT group than in the 
digital group by 3.7% vs. 1.6 %, although these numbers were 

slightly higher in the digital group than in the conventional 
group in 2021 (5.6% vs. 2.6%) and 2022 (4.3% vs. 3.0%). The 
respondents who reported good slide/image quality were simi-
lar or slightly higher in the digital group than in the conventional 
group for all 3 years. In 2020, nine out of 48 institutes that par-
ticipated in digital PT as a supplementary test responded to the 
survey, while 76 out of 107 institutes responded to the survey 
after participation in digital PT in 2021, and 19 out of 82 insti-
tutes responded to the survey after participation in digital PT in 
2022 (Fig. 2B–D, 2F–H, 2J–L). The majority of the respondents 
reported generally good or very good image, service quality, or 
satisfactory levels by sample type in 2020, and similar results 
were found in 2021 and 2022 except for a very limited number 
of respondents reporting bad or slightly bad image, service qual-
ity, or satisfactory levels by sample type in 2021 as the number 
of gross participants increased (Fig. 2B–D, 2F–H, 2J–L).

Comparative assessment of whole slide images of 
cytologic samples according to scanners

General product specification according to scanners

The product specifications of the five digital scanners are list-
ed in Table 3. The Pannoramic 250 Flash of 3DHistech offers a 
high-speed slide scanning with a maximum resolution of 0.23 
μm/pixel, making it an ideal choice for high-throughput labo-
ratories. The Pannoramic 250 flash scanner had a slide capacity 
of 250 and a scan speed of 3 minutes for a 5 × 5-mm-sized slide 
at 40× magnification with five layers of z-stacking. It has an ex-
cellent graphical user interface and produces an excellent image 
quality at 40× magnification. The file size of a 15 × 15-mm-sized 
slide at 40× magnification with five layers of z-stacking is 10 
GB. The scanner has a weekly capacity of 200 slides and can op-
erate in the bright-field and fluorescent imaging modes. It sup-
ports MRXS, JPG, and JPG2000 digital slide formats and has a 
multilayer support system with either a Z-stack or an extended 
focus. The error rate per run is 2 and has a special feature of con-
tinuous loading.

Conversely, the NanoZoomer 360 of Hamamatsu has a fast-
scanning speed with a maximum resolution of 0.23 μm/pixel 
and allows multiple users to access the system simultaneously. 
It has a slide capacity of 360 and a scan speed of 1.5 min for a 
5 × 5-mm-sized slide at 40× magnification with five layers of z-
stacking. It has a good GUI and produces good image quality 
at 40× magnification. The file size of a 15 × 15-mm-sized slide 
at 40× magnification with five layers of z-stacking is 10 GB. The 
scanner has a weekly capacity of 300 slides and can operate in the 
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Fig. 2. Post-test feedback survey after digital pathology (DP) proficiency test (PT) in 2020 (A-D), 2021 (E-H), and 2022 (I-L). GYN, gyneco-
logic samples; FNA, fine-needle aspiration.

2020 9/48 institutes

2021 76/107 institutes

2022 19/82 institutes
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bright-field imaging mode. It supports the JPG and NDPI digi-
tal slide formats and has a multilayer support system with either 
a Z-stack or an extended focus. The error rate per run was 3, and 
it has special features of quality scoring and intelligent rescans.

The Leica Aperio AT2 scanner had a slide capacity of 400 
and a scan speed of 2.5 min for a 5 × 5-mm-sized slide at 40× 
magnification with five layers of z-stacking. It has a satisfactory 
GUI and produces an excellent image quality at 40× magnifi-
cation. The file size of a 15 × 15-mm-sized slide at 40× magni-
fication with five layers of z-stacking is 8 GB. The scanner has a 
weekly capacity of 150 slides and can operate in the bright-field 
and fluorescent imaging modes. It supports the TIFF (SVS) digi-
tal slide format and has a multilayer support system with a Z-
stack. The error rate is 4 per run and has a special feature of au-
tomated scanning.

The Roche Ventana DP200 is a fully automated slide scanner 
that can scan up to 200 slides simultaneously with a maximum 
resolution of 0.25 μm/pixel. It has a slide capacity of 6 and a 
scan speed of 1.5 min for a 5 × 5-mm-sized slide at 40× magni-
fication with five layers of z-stacking. It has a satisfactory GUI 
and produces good image quality at 40× magnification. The 
file size of a 15 × 15 mm-sized slide at 40× magnification with 
five layers of z-stacking is 12 GB. The scanner has a weekly ca-
pacity of less than 100 slides and can operate in the bright-field 
imaging mode. It supports the BIF digital slide format and has 
a multilayer support system with an extended focus. The error 
rate for each run was 3.

Philips’ Ultra-Fast Scanner has a unique dual-camera system 

that allows the scanning of both bright-field and fluorescent 
slides with a maximum resolution of 0.25 μm/pixel. The slide 
capacity is 300, and the scan speed is extraordinarily fast for gen-
eral HE-stained tissue slides but does not provide z-stacking be-
cause it was originally not targeting cytologic samples. As a result, 
it generally produces suboptimal image quality for cytological 
samples at 40× magnification. It supports only the bright-field 
imaging mode, syntax and fic digital slide formats. No informa-
tion was provided on the weekly capacity or error rate.

Scanning area coverage according to scanners

A difference in the scanning area coverage was noted between 
the whole slide scanners (WSSs), and a representative case exam-
ple is shown in Fig. 3. The Panoramic Flash 250 III of 3DHistech 
showed the largest coverage in general, AT2, NanoZoomer S360, 
and Ventana DP200 showed similar coverage, while the Ultra-
Fast Scanner by Philips showed the smallest scanning area cov-
erage. Scanning coverage is directly related to scanning time and 
file size. The larger the scanning coverage, the longer the scan-
ning time, and the larger the file size. In other words, as the Pan-
noramic Flash 250 III covers the largest scanning area, it takes 
the longest scanning time and generates the largest file size, 
whereas the Ultra-Fast Scanner takes the shortest scanning time 
and generates the smallest file size because it covers the smallest 
scanning area. The difference in scanning coverage did not appear 
to be very effective for proper or impaired diagnosis in the includ-
ed cases, although concluding that the coverage represents the 
eligibility for proper diagnosis and the integrity of digital slide 

Table 3. Product specification of whole slide scanners included in this study

Manufacturer 3DHistech Hamamatsu Leica Roche Philips

Model Pannoramic 250 Flash NanoZoomer 360 Aperio AT2 Ventana DP 200 Ultra-Fast Scanner
Slide capacity 250 360 400 6 300
Scan speed
   5 × 5 mm (40×) – 5 layers

3 min 1.5 min 2.5 min 1.5 min -

GUI (user friendliness) Excellent Good Satisfactory Satisfactory -
Image quality (40×) Excellent Good Excellent Good -
File size
   15 × 15 mm (40×)
   5 layers

10 GB 10 GB 8 GB 12 GB -

Magnification 20×, 40× 20×, 40× 20×, 40× 20×, 40× 20×, 40×
Weekly capacity (slides) 200 300 150 < 100 -
Imaging mode(s) Bright field, fluorescent Bright field Bright field, fluorescent Bright field Bright field
Digital slide format MRXS, JPG, and JPG2000 JPG, ndpi TIFF (SVS) BIF Insyntax, fic
Multilayer support Z-stack or extended focus Z-stack or extended focus Z-stack Extended focus Not support
Error ratea 2 3 4 3 -
Special features Continuous loading Quality scoring and intelligent 

  rescans
Automated scanning - LCD touchscreen

GUI, graphical user interface.
aError rate per run.
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images is not possible.

Qualitative analysis of the image quality of the scanned images

Figs. 4 to 6 show the differences between the scanned images 
of representative samples. In general, color differences exist in 
terms of contrast, temperature, hue, saturation, sharpness, bright-
ness, exposure, clarity, and background based on the WSSs. This 
may be a subjective matter that varies among individuals. It 
should also be noted that the color can be adjusted or optimized 
using different color subsets or profiles within the viewer pro-
gram and monitor settings. The color of the WSIs scanned by 
3DHistech tends to show more vivid images with a slightly ex-
aggerated contrast. We can see orangophilic squamous cells in 
the pap smear of squamous intraepithelial lesion more eminently 
in the WSIs scanned by 3DHistech (Fig. 4A, B). The color of 
the WSIs scanned using the Roche WSS was slightly higher 
than that of the green tint. The WSIs scanned using Philips WSS 
presented realistic colors, although the images were fuzzy and less 
clear than the others. The background of the WSIs was the bright-
est among the 3DHistech WSIs. Fig. 5 shows the differences be-
tween the scanned images of representative body fluid samples, 
squamous cell carcinoma of the lungs on a conventional bron-
chial washing smear (Fig. 5A), metastatic adenocarcinoma on a 
conventional pleural fluid smear (Fig. 5B), serous carcinoma on 
a conventional ascitic fluid smear (Fig. 5C), and high-grade non-
invasive papillary urothelial carcinoma on a urine cytology sam-
ple (Fig. 5D) scanned using three Z-stacking layers. Fig. 6 shows 
the difference in scanned images of FNA samples including 
pleomorphic adenoma of salivary gland on conventional smear 

with three layers of z-stacking (Fig. 6A), and metastatic ductal 
carcinoma of lymph node on a conventional smear scanned with 
three layers of z-stacking (Fig. 6B). The images present different 
image qualities and characteristics according to the scanners in 
terms of nuclei and nucleoli features, three-dimensional clusters, 
and singly dispersed cells, as the scanners provide different tech-
nical specifications (see also Supplementary Fig. S2 for the rest 
of the samples).

Image quality assessment using a questionnaire by experienced 

cytopathologists

Fig. 7 shows the overall average results of the image quality 
assessment using a questionnaire administered by four experi-
enced cytopathologists. The number in each cell represents the 
average rating and is marked as a color spectrum from green for 
1 (yes/all) to red for 3 (no/>10%). As we can see in the figure, 
the cells are more likely to be red in DP200 (Roche) and Ultra-
Fast Scanner (Philips), which are originally not designed for cy-
tology and do not support z-stacking. The differences between 
the Flash 250 III by 3DHistech, Aperio AT2 by Leica, and 
NanoZoomer 360 by Hamamatsu were generally not signifi-
cant, although the Flash 250 III by 3DHistech showed the best 
satisfactory results in most of the questionnaires. 

DISCUSSION

The results of the digital and glass PT were found to be com-
parable in 2021 and 2022. Feedback from participating institutes 
was generally positive for the DP PT. The 3DHistech Pannoram-

Fig. 3. Difference in scanning area coverage between whole-slide scanners in representative cases.
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ic 250 Flash III showed generally satisfactory image quality with 
high capacity, featuring large coverage, even focus, good z-stack-
ing features, low error rates, and continuous loading [11]. The 
device had the highest contrast and strongest saturation but re-
sulted in a longer scanning time and larger file size. Conversely, 
the Leica AT2 showed generally satisfactory image quality with 
high capacity, offering middle coverage with sharp and well-fo-
cused images, good z-stacking features, and high compatibility. 
However, it had a slightly dark hue, slightly outdated user in-
terface and usability, longer scanning time, and slightly higher 
error rate.

The Hamamatsu NanoZoomer S360 generally showed satis-

factory image quality with high capacity, featuring acceptable 
coverage, good scanning speed, even focus, good z-stacking fea-
tures, and appropriate color and saturation [12]. Despite having 
the smallest file size, it remains in the process of registration with 
the KFDA. The Roche Ventana DP200 also demonstrated gen-
erally satisfactory image quality, but with limited capacity, offer-
ing good coverage, good focus with extended z-stacking, good 
color, and specialization for companion diagnosis and image anal-
ysis [13]. However, its capacity is limited, although with a good 
scanning speed. The Philips Intellisite Ultra-Fast Scanner has 
good image quality, but poor focus for 3D-cluster-rich samples 
[14]. The device had good speed and capacity, and the most real-

A

B

Fig. 4. Difference in scanned images of a few representative gynecologic samples (Pap smear). (A) High squamous intraepithelial lesion on a 
conventional Pap smear scanned with five layers of z-stacking. (B) Low squamous intraepithelial lesion on a liquid-based preparation 
scanned without z-stacking.
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Fig. 5. Difference in the scanned images of a few representative body fluid samples. (A) Squamous cell carcinoma of the lungs on a conven-
tional bronchial washing smear scanned with three layers of z-stacking. (B) Metastatic adenocarcinoma on a conventional pleural fluid smear 
scanned with three layers of z-stacking. (C) Serous carcinoma on a conventional ascitic fluid smear scanned without z-stacking. (D) Non-in-
vasive papillary urothelial carcinoma, high grade, on a urine cytology sample scanned with three layers of z-stacking.

A

B

C

D
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istic hue, color, saturation, and contrast, but poor coverage and 
poor focus owing to the lack of z-stacking (good image quality in 
GYN LBP), a slightly high error rate, and limited compatibility.

To date, evidence for the validity of DP application in cyto-
logical samples is insufficient. This is mainly because of the re-
quirement of a higher resolution such as 100× for cytologic sam-
ples that can demonstrate good visibility for nuclear-level features, 
such as chromatin patterns and nucleolar features, the so-called 
image quality. Another main reason that pathologists use DPS 
for cytology is the longer scanning time, larger file size of digital 
cytological images, and higher error rates, which can be a bur-
den for managing and storing systems as well as image analysis 

processes.
At the 2023 Annual Meeting of the United States of America 

and Canadian Association of Pathologists, Akbar et al. present-
ed a poster at Ohio State University Wexner Medical Center 
[15]. In this study, the authors compared the technical perfor-
mance of four WSI scanners, including the Ultra-Fast Scanner 
by Philips, AT2 and GT450 by Leica, and the Genius Digital 
Diagnostics System by Hologic, on 250 cytology slides with dif-
ferent preparations [15]. The overall successful scan rate ranges 
from 38% to 96%, with the Hologic scanner showing the best 
performance and ThinPrep slides showing the highest success 
rate [15]. The fail-to-scan rates remained significant, indicating 

Fig. 6. Difference in scanned images of a few representative fine-needle aspiration cytology samples. (A) Pleomorphic adenoma of salivary 
gland on conventional smear scanned with three layers of z-stacking and (B) metastatic ductal carcinoma of lymph node on a conventional 
smear scanned with three layers of z-stacking.

A

B
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that a digital cytology workflow for primary diagnosis is cur-
rently infeasible. Further experience and evidence should be pro-
vided for the safe implementation of digital cytology.

Recently, Hologic launched a new scanner system for cytologic 
specimens, along with an artificial intelligence (AI) algorithm 
for gynecologic samples, called Genius Digital Diagnostics [16], 
which is a pioneering digital cytology platform that has obtained 
CE-mark certification through integrating advanced volumetric 
imaging technology with a novel AI algorithm to assist cyto-
technologists and pathologists in detecting precancerous lesions 
and cancer cells in women. The platform can swiftly examine ev-
ery cell on a ThinPrep Pap digital image, reducing tens of thou-
sands of cells to an AI-curated gallery showing the most diag-
nostically significant images [16,17]. This system provides an 
AI algorithm for gynecologic samples and its API is planned to 
open to third-party applications to expand its coverage to AI al-
gorithms for non-gynecologic samples, such as urine, body flu-
ids, and FNAs.

Currently, one of the major challenges in applying AI to cy-
tology is the significantly larger size of cytologic whole-slide im-
ages compared with histology [18,19]. This not only leads to a 
more time-consuming scanning process but also demands in-
creased computational resources for image analysis. This was 
largely due to the Z-stacking process, which is essential for cyto-
logical samples [18,20]. In addition, the image quality can vary 
depending on the scanner used, which can affect the effectiveness 
of AI algorithms. Another challenge in cytology is the difficulty of 
annotating images, particularly when dealing with image patches 
or cell clusters. Furthermore, the limited availability of well-an-
notated large datasets, publicly accessible datasets, and significant 
challenges can hinder the development and testing of AI models 

[21-24]. Volumetric scanning technology, which was recently 
introduced by the Genius Digital Diagnostics system, can be a 
good solution to these issues by scanning slides tangentially at 
once and combining the acquired images into a single layer of 
images by post-processing computation. This allows fast scan-
ning with an optimal focus resulting in a much smaller file size.

Unfortunately, the latest systems, including Genius Digital 
Diagnostics by Hologic and GT450 by Leica, were not included 
in this study because they were not publicly released at the time 
of the study design. Several new scanners, such as Optrascan, 
Morphle, and Olympus, have been developed and introduced by 
traditional and new companies. Further studies comparing scan-
ners from various vendors are required. In addition, it should 
also be clearly understood that the DP200 by Roche and the Ul-
tra-Fast Scanner by Philips were not originally intended to be ap-
plied for cytological samples, but for histological samples.

Based on the analysis of different scanner models, having at 
least three layers of z-stacking is recommended for LBP and five 
layers of z-stacking for conventional smears to achieve optimal 
image quality. The selection of a scanner model should be based 
on careful consideration of the institutional characteristics of the 
cytopathology practices. To ensure the best fit in practice, a thor-
ough test run of the candidate scanner models is recommended. 

Digital scanners are essential tools in modern pathology labo-
ratories. They provide high-resolution digital images of the tissue 
samples that can be easily viewed, stored, and shared electroni-
cally. The aim of this study was to compare the product specifi-
cations and image quality of cytologic slides scanned using five 
digital scanners: Pannoramic 250 Flash of 3DHistech, Nano-
Zoomer 360 of Hamamatsu, Aperio AT2 of Leica, Ventana 
DP200 of Roche, and Ultra-Fast Scanner of Philips. In conclu-

Fig. 7. Result of image quality assessment using a questionnaire by four experienced cytopathologists.
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sion, each digital scanner has strengths and limitations. The Pan-
noramic 250 Flash of 3DHistech and NanoZoomer 360 (Ham-
amatsu) are best suited for high-throughput laboratories, whereas 
the Aperio AT2 (Leica) and Ventana DP200 (Roche) are best 
suited for the high-resolution scanning of a large number of 
slides. Philips’ Ultra-Fast Scanner is an excellent choice for lab-
oratories that require both bright-field and fluorescence imag-
ing. Therefore, the selection of an appropriate digital scanner de-
pends on specific laboratory requirements.
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Supplementary Table S1. Discordance assessment criteria used in proficiency test: criteria for gynecologic samples 

Submitted diagnosis 

Original diagnosis 

Negative ASC-US ASC-H L-SIL H-SIL 

H-SIL  

(with 

suspicious 

invasion) 

SqCC AGC 

AGCs, 

favor 

neoplastic 

Endocervical 

AIS 
Adenocarcinoma 

Other 

malignancy 

Trichomonas vaginalis O A A A B B C A B B C C 

Fungal organism (Candida spp) O A A A B B C A B B C C 

Shift in flora (bacterial 

vaginosis) 
O A A A B B C A B B C C 

Actinomyces spp. O A A A B B C A B B C C 

Herpes simplex virus O A A A B B C A B B C C 

Inflammation (typical repair) O A A A B B C A B B C C 

Radiation O A A A B B C A B B C C 

IUD O A A A B B C A B B C C 

Other non-neoplastic findings O A A A B B C A B B C C 

ASC-US A O A A B B B A B B C C 

ASC-H A A O A B B B A B B C C 

L-SIL A A A O A A B A A A B B 

H-SIL B B B A O O A B A A A A 

H-SIL (with suspicious invasion) B B B A O O A B A A A A 

SqCC C C C B A A O B B A A A 

Atypical glandular cells (AGCs) A A A A B B B O O B B B 

AGC, favor neoplastic B B B A A A B O O O A A 

Endocervical adenocarcinoma in situ B B B A A A A B O O A A 

Adenocarcinoma C C C B A A A B A A O A 

Other malignancy C C C B A A A B A A A O 

ASC-US, atypical squamous cells of uncertain significance; ASC-H, atypical squamous cells of high significance; L-SIL, low-grade squamous intraepithelial lesion; H-

SIL, high-grade squamous intraepithelial lesion; SqCC, squamous cell carcinoma; AGC, atypical glandular cells; AIS, adenocarcinoma in situ; IUD, intrauterine device.  



Supplementary Table S2. Discordance assessment criteria used in proficiency test: criteria for thyroid fine-needle aspiration samples 

Submitted diagnosis 

Original diagnosis 

Benign, 

c/w a 

benign 

follicular 

nodule 

Benign, 

c/w chronic 

lymphocytic 

(Hashimoto’s) 

thyroiditis 

Benign, 

c/w 

granulomatous 

(subacute) 

thyroiditis 

Follicular 

lesion, 

conventional 

type 

Follicular 

lesion, 

Hurthle 

cell 

(oncocytic 

type) 

Papillary 

carcinoma 

Poorly 

differentiated 

carcinoma 

Medullary 

carcinoma 

Undifferentiated 

(anaplastic) 

carcinoma 

Benign,  

c/w a benign follicular 

nodule 

O A A B B C C C C 

Benign, 

c/w chronic lymphocytic 

(Hashimoto’s) 

thyroiditis 

A O A B B C C C C 

Benign, c/w 

granulomatous 

(subacute) thyroiditis 

A A O B B C C C C 

Benign, other A A A B B C C C C 

AUS or FLUS A A A A A B B B B 

Follicular lesion, 

conventional type 

B B B O A A B B B 

Follicular lesion, Hurthle 

cell (oncocytic type) 

B B B B O A B B B 

Suspicious for papillary 

carcinoma 

C C C B B O B B B 

Suspicious for poorly 

differentiated 

carcinoma 

C C C B B B O B B 

Suspicious for medullary 

carcinoma 

C C C B B B B O B 

Suspicious for 

undifferentiated 

carcinoma 

C C C B B B B B O 

Suspicious for lymphoma C C C B B B B B B 



Suspicious for 

malignancy, other 

C C C B B A B B B 

Papillary carcinoma C C C A A O A A A 

Poorly differentiated 

carcinoma 

C C C B B A O A A 

Medullary carcinoma C C C B B A A O A 

Undifferentiated 

(anaplastic) carcinoma 

C C C B B A A A O 

Malignant, other C C C B B A A A A 

c/w, consistent with; O, concordant; A, minimal discordance; B, minor discordance; C, major discordance; AUS, atypia of undetermined significance; FLUS, follicular 

lesion of undetermined significance. 

 

 

 

Supplementary Table S3. Discordance assessment criteria used in proficiency test: criteria for body fluid, urine, and other fine-needle aspiration samples 

Submitted diagnosis 

Original diagnosis 

Negative 

or Benign 

Atypical, 

favor reactive 

Atypical, favor 

neoplastic 
Malignant 

Malignant, but 

different diagnosis 

Benign O A B C C 

Atypical, favor reactive A O A B B 

Atypical, favor neoplastic B A O A A 

Malignant C B A O A 

O, concordant; A, minimal discordance; B, minor discordance; C, major discordance. 



Supplementary Fig. S1. Major whole-slide scanners with operating viewer and image analysis software. 



 

Supplementary Fig. S2. Difference in scanned images of remaining representative samples. (A) Squamous 

cell carcinoma on a conventional Pap smear scanned with five layers of z-stacking. (B) Adenocarcinoma 

on a liquid-based Pap smear scanned without z-stacking. (C) Squamous cell carcinoma of the lungs on a 



conventional sputum smear scanned with three layers of z-stacking. (D) Papillary thyroid carcinoma on a 

conventional smear scanned with three layers of z-stacking. 

 



 

 

Supplementary Fig. S3. Flow chart of the study. QAP, quality assurance programs; PT, proficiency test; GYN, gynecologic samples; BF, body fluid; Ur, 

urine; FNAC, fine-needle aspiration cytology. 


