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The breast core needle biopsy (CNB) has become 
the standard procedure for detecting suspicious breast 
lesions over the last four decades. It is minimally 
invasive and guided by palpation or imaging, such 
as mammography or ultrasound. Histopathological 
evaluation of tissue cores using conventional 
light microscopy (CLM) is the gold standard for 
diagnostic confirmation. CNB helps identify benign, 
premalignant, and malignant breast lesions and guides 

surgical and treatment decisions. CNB specimens can 
accurately assess histologic subtype, tumor grade, 
and predictive biomarkers in malignancies, enabling 
timely and appropriate oncologic management(1-5).

Automated whole slide imaging (WSI) has 
quickly become a crucial diagnostic pathology 
technique. The approach is mostly used for digital 
picture transmission, second opinion consultation, 
quality assurance, and teaching. WSI might substitute 
conventional microscopy as a first-line diagnostic 
platform due to digital image resolution and 
technological advancements. To ensure digitized 
slide diagnostic performance is comparable to glass 
slides using CLM, WSI must be validated. Several 
guideline statements regarding the application of WSI 
for routine diagnostics have been published(6-10). The 
College of American Pathologists (CAP) updated its 
guidelines for the validation of WSI for pathology 
diagnostic purposes in 2021, recommending a sample 
set of at least 60 cases for one application [e.g., 
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hematoxylin and eosin (H&E), frozen section, or 
hematology], diagnostic concordance between digital 
and glass slides for the same observer, and a washout 
period of at least two weeks between viewing digital 
and glass slide(10).

Studies from the University of Nebraska Medical 
Center and the University of Miami demonstrated 
high diagnostic reliability of WSI for breast CNB. 
Using the 2013 CAP guidelines, the Nebraska study 
reported a WSI-CLM concordance of 97.1%, with 
intra-observer agreement increasing to 95.4% after a 
washout period(11). Similarly, the Miami study showed 
high intra-observer repeatability with diagnostic 
performance comparable to conventional glass slide 
microscopy(12). In Thailand, a validation study of a 
low-cost WSI system utilizing a consumer-grade 
laptop for frozen section lymph node evaluation 
revealed substantial intra- and inter-observer 
concordance among three pathologists. There was 
no significant difference in diagnostic turnaround 
time between digital and glass slides. However, 
experienced users exhibited a tendency for expedited 
diagnosis using WSI(13).

This study seeks to validate WSI for the diagnosis 
of breast CNB specimens by comparing digital slide 
interpretations with traditional glass slide diagnoses. 
This study aimed to determine the diagnostic 
concordance, identify inconsistencies, and evaluate 
intra-observer agreement between the two modalities 
within the authors’ institutional context. Validation 
is crucial prior to the use of WSI for the diagnosis 
of primary breast lesions in Thailand, guaranteeing 
that digital pathology offers a precise and secure 
alternative to the light microscope in this setting.

M   M
Selection of cases and immunohistochemical 
analysis

Four hundred forty breast CNB specimens 
diagnosed at Thammasat University Hospital 
between January and December 2023 were reviewed 
retrospectively. Of these, 79 cases representing 
routine primary breast lesions were included for 
analysis. All H&E-stained CNB cases were selected 
consecutively from the routine diagnostic workload 
to reflect real-world practice and minimize selection 
bias, with representation across B1-B5 diagnostic 
categories. The distribution of clinicopathological 
characteristics across B1-B5 diagnostic categories is 
summarized in Table 1. Non-primary breast lesions 
were excluded, as were cases with unavailable 
histologic materials or slides unsuitable for WSI 

because of technical issues such as poor staining, 
cracked slides, or displaced coverslips. For the 
immunohistochemistry (IHC) component, cases were 
also selected consecutively. From 286 breast CNB 
cases diagnosed between January 2023 and December 
2024, 20 were selected for each biomarker: estrogen 
receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2), and 
Ki-67, resulting in 80 IHC slides (Figure 1). Tissue 
sections were trimmed to 5 to 6 μm and placed on 
glass slides. All IHC staining was carried out on the 
Ventana BenchMark XT automated platform with 
the ultraView DABv3 detection system. Primary 
antibodies included anti-ER (SP1), anti-PR (1E2), 
anti-HER2/neu (4B5), and anti-Ki-67 (30-9), all of 
which were Ventana rabbit monoclonal antibodies. 
Thammasat University Hospital’s regular routine 
diagnostic protocols were followed throughout all 
procedures, with no study-specific alterations. 

Conventional light microscope and pathologist 
diagnosis and scoring

Histological diagnosis and IHC staining 
assessment were performed using glass slides via 
CLM with eyepieces with a field number of 22 mm 
(Nikon Eclipse Si, Tokyo, Japan). Cases were initially 
reviewed by three observers (WK, WH, and AP), 
each with varying levels of experience and training 
in the diagnosis of CLM and WSI (Figure 2). The 
histology diagnosis was divided into five categories, 
B1-B5, according to the European guideline for breast 
biopsy interpretation as follows(14).

B1 (Normal tissue): Specimens in which only 
normal breast tissue is identified (e.g., breast duct, 
normal lobule with or without calcification).

B2 (Benign lesion): Non-neoplastic or benign 

Table 1. Patient demographics and clinicopathologic character-
istics of the breast CNB cohort included in the H&E validation 
study (n=79)

Characteristics Value

Study cohort (H&E CNB cases) 79

Age (years); mean±SD (range) 51.6±13.3 (24 to 86)

Sex (female/male); n (%) 78 (98.7)/1 (1.3)

B category distribution; n (%)

B1 (Normal tissue) 5 (6.3)

B2 (Benign lesion) 25 (31.6)

B3 (Lesion of uncertain malignant potential) 21 (26.6)

B4 (Suspicious for malignancy) 8 (10.1)

B5 (Malignancy) 20 (25.3)

CNB=core needle biopsy; H&E=hematoxylin and eosin; SD=standard 
deviation
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pathologic processes that can be specifically 
diagnosed, such as fibroadenoma, fibrocystic change, 
sclerosing adenosis, duct ectasia, abscess, and fat 
necrosis.

B3 (Lesions of uncertain malignant potential): 
Histologically benign lesions that show architectural/

cytologic atypia or carry an increased risk of 
malignancy and may warrant altered clinical 
management, including atypical intraductal epithelial 
proliferation, lobular neoplasia, cellular fibroepithelial 
lesions/benign phyllodes tumors, papillary lesions 
(papilloma with or without epithelial atypia), radial 
scars, and mucocele-like lesions.

B4 (Suspicious for malignancy): Lesions with 
features suggestive of malignancy but insufficient 
for a definitive diagnosis due to limitations such as 
tissue artifact or limited sampling. Examples include 
low-grade ductal carcinoma in situ (DCIS) or minimal 
malignant tissue.

B5 (Malignancy):  Lesions diagnost ic 
of malignancy, including in situ and invasive 
lesions, include intermediate- to high-grade DCIS, 
pleomorphic lobular carcinoma in situ (LCIS), and 
invasive breast carcinoma of various types.

The specific diagnostic entities selected and 
represented in each B category in this study are 
summarized in Table 2.

Figure 1. A study flow: Archival breast core biopsy H&E slides (n=440) were screened; after exclusions, 79 B1-B5 cases were selected, 
quality-verified, scanned to WSI, and interpreted by three observers on glass, then WSI after washout. Intra- and inter-observer agree-
ment, discordance rates, κ statistics, and interpretation time were analyzed. Phase 2 applied the same process to 20 expert-verified 
IHC cases per biomarker (ER, PR, HER2, Ki-67) stratified by staining categories.

H&E=hematoxylin and eosin; IHC=immunohistochemistry; CNB=core needle biopsy; WSI=whole slide imaging; ER=estrogen receptor; PR=progesterone 
receptor; HER2=human epidermal growth factor receptor 2; κ=kappa coefficient

Figure 2. Year experience of Observer 1-3 diagnosis of CLM 
and WSI.

CLM=conventional light microscopy; WSI=whole slide imaging
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Interpretation of ER and PR IHC followed 
the 2018 American Society of Clinical Oncology 
(ASCO)/CAP guidelines(15), with assessment based 
on the percentage of tumor cell nuclear staining. 
PR expression was dichotomized as negative (less 
than 1%) or positive (1% or more), in accordance 
with guideline recommendations. For ER, although 
clinical reporting adheres to the ASCO/CAP three-tier 
system (negative: less than 1%, low-positive: 1% to 
10%, and positive: more than 10%), ER expression 
in this study was further stratified into four analytical 
categories (less than 1%, 1% to 10%, 11% to 75%, and 
more than 75%). This approach, adapted from prior 
WSI validation studies in breast pathology(16), was 
used to enhance sensitivity for detecting discordant 
interpretations between CLM and WSI, including 
subtle quantitative shifts that do not affect clinical 
categorization. ER was selected for this expanded 
stratification because it is the principal predictive 
biomarker for luminal-type breast carcinoma and 
the only marker validated in randomized trials to 
predict benefit from endocrine therapy, whereas PR 
serves a complementary prognostic role and assists 
in identifying potential false-negative ER and rare 
ER-negative/PR-positive tumors, for which evidence 
guiding endocrine therapy remains limited(17,18).

HER2 status was classified into five categories 
according to the 2023 ASCO/CAP updated guidelines 
and the criteria applied in the DESTINY-Breast06 

trial(19,20): 0 (negative, no membrane staining), 0+ 
(negative, incomplete membrane staining), 1+ 
(negative), 2+ (equivocal), and 3+ (positive). Ki-67 
immunoreactivity was defined by nuclear staining of 
any intensity. The Ki-67 labeling index was assessed 
using a global scoring approach, estimating the 
average percentage of positively stained tumor cell 
nuclei within invasive tumor areas, in accordance 
with the recommendations of the International Ki-67 
in Breast Cancer Working Group(21).

Slide digitization and diagnosis with WSI
For WSI, H&E, and IHC-stained slides were 

imaged at a high resolution (0.121 μm/pixel) and 
20× magnification using a whole slide scanner 
(PANNORAMIC Scan II, 3DHISTECH, Budapest, 
Hungary) with a single z-plane. The MRXS format 
was used to generate and save digital images, 
which were then managed with server software 
(Panoramic Scanner, 3DHISTECH) and retrieved 
using a file management web interface (CaseViewer, 
3DHISTECH). The average scanned image size 
was 1.2 to 1.95 GB. The quality of scanned digital 
images was assessed to ensure that they were suitable 
for analysis and in focus. Different consumer-
grade laptop models with high-definition displays 
(2,732×2,048 pixels) were employed for intra-
observer diagnosis to optimize image quality. The 
glass slides were reviewed by each observer, and the 

Table 2. Expanded diagnostic entities corresponding to B1-B5 categories in the breast CNB H&E cohort (n=79)

B category Expanded specific diagnostic entities (examples in this cohort) n (%)

B1 (Normal tissue) Normal breast tissue (ducts/lobules) ± calcification 5 (6.3)

B2 (Benign lesion) Fibroadenoma 7 (8.9)

Fibrocystic change 4 (5.1)

Inflammatory breast lesion (e.g., mastitis/abscess) 3 (3.8)

Other benign/non-neoplastic lesions (optional, if present): duct ectasia/fat necrosis/sclerosing adenosis 11 (13.9)

B3 (Uncertain malignant potential) Benign phyllodes tumor/cellular fibroepithelial lesion 12 (15.1)

Low-grade atypical proliferative lesion (e.g., atypical intraductal epithelial proliferation/ADH-like) 1 (1.2)

Papillary lesion without definite malignancy (if applicable) 8 (10.1)

Other B3 entities (optional): lobular neoplasia/radial scar/mucocele-like lesion - 

B4 (Suspicious for malignancy) Papillary lesion with atypical epithelial proliferation/suspicious atypia 5 (6.32)

Borderline phyllodes tumor (suspicious) 1 (1.2)

Other suspicious lesions (optional): suspicious for low-grade DCIS/limited malignant tissue 2 (2.5)

B5 (Malignancy) Ductal carcinoma in situ (DCIS) 5 (6.3)

Invasive breast carcinoma of no special type (NST) 12 (15.8)

Invasive lobular carcinoma (ILC) 1 (1.2)

Mucinous carcinoma 1 (1.2)

Other invasive carcinoma or malignancy types (optional, if present) 1 (1.2)

Total 79 (100)

ADH= atypical duct hyperplasia, CNB=core needle biopsy; H&E=hematoxylin and eosin
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WSI was performed after a minimum of two weeks 
of washout.

Definition of intra-observer concordance, minor 
discordance, and major discordance

Concordance for H&E was defined as the 
identical diagnostic categorization between WSI-
based and CLM-based interpretations. Minor 
discordant refers to variations within the same benign 
or malignant category that lack clinical significance, 
while major discordant involve benign-malignant 
reversals or significantly different diagnoses within 
the same category that may influence treatment or 
prognosis. In the context of ER IHC, concordance 
was characterized by identical categorical grouping. 
Minor discordant were restricted to transitions 
between Group 3 (11% to 75% positive cells) and 
Group 4 (more than 75%), whereas major discordant 
encompassed any other categorical alterations that 
could impact clinical decision-making. HER2 IHC 
concordance required the same score (0, 1+, 2+, or 
3+), minor disparities were confined to score 0 versus 
1+ (both HER2-negative), and major discordances 
included therapeutic category shifts. For PR and 
Ki-67 IHC, major and minor discordance were not 
separately defined, as both markers had only two 
categories. Ki-67 was classified (low for less than 
20%) or high (20% or more), and PR as negative 
(less than 1%) or positive (1% or more). Concordance 
was defined as agreement within the same category. 
Any transition between categories was considered 
clinically significant, indicating discordance.

Statistical analysis
Intra-observer agreement of CLM and WSI 

was assessed using Cohen’s kappa coefficient. The 
strength of agreement was interpreted according to 
standard benchmarks: 0.01 to 0.20 (slight), 0.21 to 
0.40 (fair), 0.41 to 0.60 (moderate), 0.61 to 0.80 
(substantial), and 0.81 to 0.99 (almost perfect)(22). A 
two-sided p-value of less than 0.05 was considered 
statistically significant. All statistical analyses were 
conducted using IBM SPSS Statistics, version 26.0 
(IBM Corp., Armonk, NY, USA).

Ethical approval
All procedures performed in the study were 

approved by the Human Research Ethics Committee 
of Thammasat University (Medicine) (COA No. 
092/2024). Formal written informed consent was 
not required with a waiver by the appropriate human 
ethics committee.

R
Patients and clinicopathologic characteristics

Seventy-nine H&E-stained CNB cases, 
consecutively selected from 440 CNB cases accessed 
between January and December 2023 in primary 
routine diagnostic practice, were included. The 
overall mean age was 51.6±13.3 years (range of 24 
to 86). The vast majority of patients were female 
(78 cases, 98.7%), with only one male breast biopsy 
(1.3%). The distribution of pathological diagnoses 
across the standard categories B1-B5 is as follows. 
Five cases (6.3%) were classified as Category 1 
(normal breast tissue), 25 cases (31.6%) as Category 2 
(e.g., fibroadenoma, fibrocystic changes, and 
inflammatory breast lesion), 21 cases (26.6%) as 
Category 3 (e.g., benign phyllodes tumor and low-
grade atypical proliferative lesions), 8 cases (10.1%) 
as Category 4 (e.g., papillary lesion with atypical 
cells proliferation, or borderline phyllodes tumor), 
and 20 cases (25.3%) as Category 5 (including DCIS, 
invasive breast carcinoma of no special type, invasive 
lobular carcinoma, and mucinous carcinoma). All 
20 malignant cases were primary breast carcinomas 
diagnosed with CNB.

Intra-observer agreement between CLM and WSI
All three observers exhibited substantial intra-

observer agreement between CLM and WSI across 
all assessed parameters. Kappa values for H&E 
diagnosis ranged from 0.85 to 0.92, reflecting almost 
perfect agreement. ER interpretation demonstrated 
substantial to almost perfect agreement (κ=0.80 to 
0.84), whereas PR interpretation exhibited substantial 
to almost agreement (κ=0.69 to 1.00). HER2 scoring 
exhibited substantial to almost perfect concordance 
(κ=0.80 to 0.89). The Ki-67 assessment demonstrated 
almost perfect concordance between CLM and 
WSI, with kappa values between 0.86 and 0.89. 
All results demonstrated statistical significance 
(p<0.001) (Table 3, Figure 3).

Intra-observer concordance, minor discordance, 
and major discordance between CLM and WSI

High concordance rates were noted among all 
observers for most parameters (Table 4), especially PR 
and Ki-67, which demonstrated consistent agreement 
of 95% to 100% with little to no discordance. The 
interpretation of H&E demonstrated a high level of 
concordance (81% to 87.3%), with only 1% to 2.5% 
major discordance.

In the case of ER, concordance varied between 
80% and 90%, while significant discordance was 
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observed at a rate of 15% among all observers. HER2 
exhibited moderate concordance, ranging from 75% 
to 85%, alongside minor discordance between 10% 
and 20%, and major discordance between 5% and 
15%.

Most discordant interpretations were minor, 
while major discordances were infrequent across 
all markers. Two major H&E discrepancies were 
found. In the first case, Observer 3 reclassified a 
lesion from fibroepithelial lesion, which cannot 
exclude borderline phyllodes tumor (B3) on CLM, to 
fibroepithelial lesion with occult invasive mammary 
carcinoma (B5) on WSI, while Observers 1 and 2 

consistently diagnosed invasive lobular carcinoma 
(B5) on both modalities (Figure 4A). In the second 
case, which had a prior history of treated invasive 
lobular carcinoma, Observer 1 showed complete 
concordance, diagnosing benign breast tissue with 
foreign body granuloma (B2) on both CLM and WSI. 
In contrast, Observer 2 upgraded the diagnosis from 
reactive post-treatment changes without residual 
malignancy (B2) to rare atypical cell clusters 
suspicious for occult tumor or usual ductal hyperplasia 
(B4) on WSI, while Observer 3 downgraded the 
diagnosis from suspicious lymphovascular tumor 
emboli with foreign body reaction (B4) on CLM to 

Table 3. Intra-observer agreement between conventional light microscope and whole slide imaging diagnoses

Intra-observer agreement between CLM and WSI; k-value (95% CI)

HE (CLM vs. WSI) ER (CLM vs. WSI) PR (CLM vs. WSI) HER2 (CLM vs. WSI) Ki-67 (CLM vs. WSI)

Observer 1 0.92 (0.87 to 0.97) 0.84 (0.69 to 0.98) 0.86 (0.59 to 1.00) 0.82 (0.67 to 0.97) 0.86 (0.59 to 1.00)

p-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

Observer 2 0.85 (0.78 to 0.92) 0.80 (0.64 to 0.95) 1.00 (1.00 to 1.00) 0.89 (0.77 to 1.00) 0.89 (0.69 to 1.00)

p-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

Observer 3 0.85 (0.78 to 0.93) 0.84 (0.68 to 0.99) 0.69 (0.31 to 1.00) 0.80 (0.66 to 0.94) 0.88 (0.64 to 1.00)

p-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

CLM=conventional light microscope; WSI=whole slide imaging; CI=confidence interval; H&E=hematoxylin and eosin; ER=estrogen receptor; 
PR=progesterone receptor; HER2=human epidermal growth factor receptor 2; κ=kappa coefficient

Figure 3. Intra-observer agreement of breast cancer biomarkers expression between CLM and WSI. All kappa coefficients demonstrated 
significant (p<0.001).

CLM=conventional light microscopy; WSI=whole slide imaging; H&E=hematoxylin and eosin; ER=estrogen receptor; PR=progesterone receptor; 
HER2=human epidermal growth factor receptor 2; CI=confidence interval; κ=kappa coefficient
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benign breast tissue with foreign body reaction (B2) 
on WSI (Figure 4B and 4C). Immunohistochemical 
discordance was confined to HER2 interpretation, 
primarily reflecting reclassification from null stain 
(score of 0) to low-positive (score of 1+) results 
(Figure 4D).

Inter-observer agreement of CLM and WSI
Using CLM, all observer pairs demonstrated 

substantial to almost perfect agreement across 
H&E and all biomarkers (κ=0.67 to 0.88, p<0.001). 
The highest concordance was observed for ER and 
HER2, while PR and Ki-67 showed slightly lower 
but still substantial agreement (Table 5). With WSI, 
H&E, ER, and HER2 maintained similarly high 
agreement levels (κ=0.71 to 0.86). However, PR and 
Ki-67 showed rather variable results, particularly 
between Observer 2 and 3 for PR (κ=0.48), indicating 
moderate consistency in certain borderline cases on 
WSI (Table 6).

Time use for CLM and WS
In general, CLM required a longer interpretation 

duration than WSI among the majority of observers 
and IHC markers. The most time-consuming task 

Table 4. Intra-observer concordance, minor discordance, major 
discordance (H&E, ER, HER2), and unstratified discordance 
(PR, Ki-67) between CLM and WSI diagnoses

Concordance
n (%)

Minor 
discordance

n (%)

Major 
discordance

n (%)

Discordance
n (%)

Observer 1

H&E 69 (87.3) 10 (12.7) 0 (0.0) -

ER 16 (80.0) 1 (5.0) 3 (15.0) -

PR 19 (95.0) - - 1 (5.0)

HER2 15 (75.0) 2 (10.0) 3 (15.0) -

Ki-67 19 (95.0) - - 1 (5.0)

Observer 2

H&E 64 (81.0) 14 (17.7) 1 (1.3) -

ER 15 (90.0) 2 (10.0) 3 (15.0) -

PR 20 (100.0) - - 0 (0.0)

HER2 17 (85.0) 2 (10.0) 1 (5.0) -

Ki-67 19 (95.0) - - 1 (5.0)

Observer 3

H&E 64 (81.0) 13 (16.5) 2 (2.5) -

ER 17 (85.0) 1 (5.0) 3 (15.0) -

PR 18 (90.0) - - 2 (10.0)

HER2 15 (75.0) 4 (20.0) 1 (5.0) -

Ki-67 19 (95.0) - - 1 (5.0)

H&E=hematoxylin and eosin; ER=estrogen receptor; PR=progesterone 
receptor; HER2=human epidermal growth factor receptor 2; 
CLM=conventional light microscopy; WSI=whole slide imaging

Figure 4. (4A) Representative histologic images from a case interpreted by Observer 3, demonstrating upgrading from a fibroepithelial 
lesion (B3) on CLM to invasive mammary carcinoma (B5) on WSI. Small occult invasive foci are more readily appreciated on WSI (arrows). 
(4B, 4C) In a post-treatment case, Observer 2 upgraded the diagnosis from reactive post-treatment changes (B2) on CLM to rare atypical 
cell clusters (B4) on WSI (arrow). In contrast, Observer 3 downgraded the diagnosis from suspicious lymphovascular tumor emboli with 
foreign body reaction (B4) on CLM to benign breast tissue with foreign body reaction (B2) on WSI. (4D) HER2 immunohistochemistry 
shows reclassification from a negative score of 0 (null staining) on CLM to low-level HER2 expression (score 1+) on WSI (arrows).

CLM=conventional light microscopy; WSI=whole slide imaging; HER2=human epidermal growth factor receptor 2
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for all observers was H&E evaluation. Interpretation 
times for ER and PR were similar among modalities, 
with only slight variations. HER2 evaluation revealed 
the most substantial temporal disparity, with WSI 
demonstrating a quicker performance for Observer 1 
(p<0.05). The interpretation of Ki-67 was the most 
rapid among all markers, and once more, WSI 
appeared to minimize interpretation time, particularly 
for Observer 1.

Despite inter-observer variability, the general 
trend is that WSI provides comparable or expedited 
interpretation relative to traditional microscopy, 
especially for PR, HER2, and Ki-67 assessments 
(Figure 5).

D
This study demonstrates that WSI can be reliably 

used for primary diagnosis of breast CNB specimens 
in a resource-limited tertiary-care setting. Overall, 
WSI showed strong agreement with CLM across 
the B1-B5 diagnostic spectrum and for key breast 
biomarkers (ER, PR, HER2, and Ki-67). Clinically 
significant discordances were infrequent, supporting 
the practical safety of adopting WSI for routine 
breast CNB interpretation when an appropriate local 
validation process is performed.

With respect to H&E interpretation, diagnostic 
agreement between WSI and CLM was consistently 
high across observers. Most discrepancies were minor 
and unlikely to affect patient management, whereas 

Figure 5. Comparison of interpretation time (second) by HE and IHC markers between CLM and WSI among three observers.

CLM=conventional light microscopy; WSI=whole slide imaging; H&E=hematoxylin and eosin; SD=standard deviation; Obs=observer

Table 5. Interobserver agreement of CLM diagnoses

Interobserver agreement of CLM between the observers 
k-value (95% CI)

Observer 1 vs. 2 Observer 1 vs. 3 Observer 2 vs. 3

H&E 0.77 (0.68 to 0.85) 0.76 (0.66 to 0.85) 0.79 (0.71 to 0.87)

p-value p<0.001 p<0.001 p<0.001

ER 0.80 (0.64 to 0.95) 0.87 (0.74 to 1.00) 0.83 (0.65 to 1.00)

p-value p<0.001 p<0.001 p<0.001

PR 0.69 (0.29 to 1.00) 0.86 (0.59 to 1.00) 0.86 (0.59 to 1.00)

p-value p<0.001 p<0.001 p<0.001

HER-2 0.86 (0.73 to 0.99) 0.79 (0.64 to 0.94) 0.79 (0.62 to 0.95)

p-value p<0.001 p<0.001 p<0.001

Ki-67 0.67 (0.34 to 1.00) 0.88 (0.64 to 1.00) 0.78 (0.50 to 1.00)

p-value p<0.001 p<0.001 p<0.001

CLM=conventional light microscope; CI=confidence interval; H&E=hema-
toxylin and eosin; ER=estrogen receptor; PR=progesterone receptor; 
HER2=human epidermal growth factor receptor 2; κ=kappa coefficient

Table 6. Interobserver agreement of WSI diagnoses

Interobserver agreement of WSI between the observers 
k-value (95% CI)

Observer 1 vs. 2 Observer 1 vs. 3 Observer 2 vs. 3

H&E 0.80 (0.71 to 0.89) 0.75 (0.66 to 0.85) 0.78 (0.70 to 0.87)

p-value p<0.001 p<0.001 p<0.001

ER 0.84 (0.69 to 0.98) 0.80 (0.63 to 0.96) 0.80 (0.64 to 0.96)

p-value p<0.001 p<0.001 p<0.001

PR 0.86 (0.69 to 1.00) 0.69 (0.31 to 1.00) 0.48 (–0.16 to 0.98)

p-value p<0.001 p<0.001 p<0.001

HER-2 0.71 (0.54 to 0.88) 0.84 (0.67 to 1.00) 0.76 (0.58 to 0.94)

p-value p<0.001 p<0.001 p<0.001

Ki-67 0.63 (0.28 to 0.99) 0.86 (0.59 to 1.00) 0.77 (0.46 to 1.00)

p-value p<0.001 p<0.001 p<0.001

WSI=whole slide imaging; CI=confidence interval; H&E=hematoxylin 
and eosin; ER=estrogen receptor; PR=progesterone receptor; 
HER2=human epidermal growth factor receptor 2; κ=kappa coefficient
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major discordances were rare and primarily occurred at 
diagnostic thresholds (e.g., benign versus suspicious/
malignant), a known challenge in breast CNB 
interpretation, irrespective of platform. Even though 
these incidents may not be statistically significant in 
a cohort of this size, they should still be carefully 
considered in routine practice and minimized through 
focused training, standardized review procedures, 
and safety precautions, including secondary review 
for high-impact diagnostic thresholds. Overall, 
these findings support WSI as a reliable alternative 
to CLM for routine breast CNB assessment.

The interpretation of biomarkers on WSI 
showed substantial concordance with CLM, hence 
affirming the viability of employing digital slides 
for clinically relevant breast biomarker reporting. ER 
scoring demonstrated significant consistency across 
platforms, aligning with its strong interpretative 
consistency in standard practice. Conversely, PR 
and Ki-67 exhibited slightly more variability among 
specific observer pairs, potentially indicating 
intrinsic biological heterogeneity and subjective 
thresholding in borderline or weakly positive 
cases(16). HER2 interpretation typically demonstrated 
robust concordance. However, a limited number of 
cases displayed one-level shifts (e.g., from entirely 
negative to low-level positivity), indicating that 
subtle variations in visual perception on digital slides 
may affect threshold interpretation in ambiguous or 
faint staining scenarios. These findings underscore 
the necessity of uniform on-screen calibration and 
consensus training in the digital interpretation of 
biomarkers, especially for those with significant 
interpretative subjectivity.

These findings align with previous validation 
studies that support the use of WSI for breast 
pathology primary diagnostics. High concordance 
between WSI and CLM for breast CNB was reported 
by the University of Nebraska Medical Center, 
confirming cross-platform diagnostic equivalency(11). 
Comparing high-resolution WSI to traditional 
microscopy, research from the University of Miami 
also showed minimal intra-observer variability(12). 
Furthermore, a recent multi-observer study supported 
digital evaluation for prognostic and predictive 
markers by finding no significant differences between 
CLM and WSI for the assessment of histologic grade 
and breast biomarkers in breast CNB samples(23). This 
study’s concordance patterns support these reports 
and provide additional data from a tertiary-care 
facility in Southeast Asia, an institutional setting that 
is still underrepresented in the literature on digital 

pathology.
In this study group, observer experience has 

a greater impact on interpretation efficiency than 
imaging modalities. In certain biomarker evaluations, 
WSI interpretation was not slower than CLM, 
and observers with balanced experience with both 
platforms showed comparable performance between 
WSI and CLM. On the other hand, observers who 
had long relied on traditional microscopy tended 
to do better with CLM, indicating a learning 
curve and transition phase when using digital 
operations. These findings corroborate earlier 
research showing that exposure and practice enhance 
digital efficiency(13). When proper training and quality 
assurance procedures are in place, digital workflows 
may offer useful benefits in navigation, standardized 
viewing, and quick comparison across fields, which 
can enable uniform evaluation. These benefits go 
beyond time measurements.

This study has limitations. First, it was conducted 
at a single tertiary-care institution with a modest 
cohort size. Although the number of cases met the 
minimum validation expectations recommended 
by the CAP recommendation(8), larger multi-center 
studies are needed to improve generalizability and to 
evaluate performance across a wider range of practice 
settings. Second, all cases were scanned using a 
single WSI platform; therefore, the findings may not 
be directly transferable to other scanners or viewing 
software, and potential inter-platform variability 
warrants further investigation. Third, biomarker 
interpretation was performed by visual assessment 
without the use of digital image analysis. Variations in 
color rendering and monitor calibration may influence 
the perception of weak staining on digital slides, as 
reported in prior studies(24,25). Fourth, interpretation 
time was not adjusted for lesion complexity. Because 
breast CNB specimens encompass a broad spectrum 
of diagnostic difficulty, differences in case mix 
may have influenced efficiency metrics irrespective 
of the viewing modality. Future research utilizing 
case-mix adjustment or predetermined complexity 
categorization would offer a more reliable evaluation 
of diagnostic effectiveness. Finally, this validation 
focused on CNB specimens rather than excision 
specimens. Additional studies using excision 
material may be valuable for assessing performance 
in scenarios requiring more extensive architectural 
evaluation and histopathologic detail.

C
This study shows that WSI is practicable, 
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reliable, and safe for primary breast core needle 
biopsies in clinical practice. Digital workflows can 
be used without sacrificing diagnostic accuracy 
or patient safety, as shown by the high overall 
concordance and outstanding inter- and intra-
observer agreement between digital and glass slide 
interpretations for morphologic assessment and key 
biomarkers. This study’s findings support the use of 
WSI in routine breast pathology workflows as an 
alternative to microscopy. This validation is crucial 
to the wider adoption of digital pathology, which will 
enable more efficient, flexible, and technologically 
sophisticated diagnostic services while preserving 
the highest accuracy and consistency in patient care.

W       ?
• WSI is a practical alternative to conventional 

microscopy, providing comparable image quality 
and advantages such as remote access, workflow 
flexibility, and digital consultation.

• Diagnostic performance depends on scanner 
quality. High-resolution systems can support primary 
diagnosis, whereas others may introduce artifacts, 
requiring validation under standards such as the CAP 
WSI guideline.

• Prior research shows strong WSI and glass 
slide concordance for breast CNB. However, 
Campbell et al. (2014) did not use kappa statistics 
or B1 to B5 diagnostic categories(11).

• Choi et al. (2024) confirmed WSI accuracy for 
Nottingham grading and breast biomarkers, though 
concordance for PR and HER2 was lower, and the 
study focused solely on carcinoma(23).

• In Thailand, low-cost WSI systems have 
shown diagnostic accuracy comparable to glass slides 
for lymph node metastasis, supporting feasibility in 
resource-limited settings(3).

W     ?
• First WSI validation research for breast CNB 

in Southeast Asia and a resource-limited context 
shows glass slide accuracy.

• First use of the entire B1 to B5 diagnostic 
classification for CAP 2021-compliant minor and 
major discordance assessment.

• WSI consistently has greater IHC staining, 
especially for HER2, indicating clinically significant 
discordance and the requirement for scanner-specific 
calibration.

• Strong intra-observer agreement across 
modalities confirms that WSI preserves crucial 
morphological detail.

• WSI is suitable for regular diagnostics and 
pathology training since interobserver patterns are 
comparable across expertise levels.
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