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Abstract

Background: HER2 immunohistochemistry (IHC) plays a central role in therapeutic decision-making for breast
cancer. However, interpretation of equivocal (2+) IHC results remains challenging and is subject to interobserver
variability, necessitating reflex in situ hybridization testing. This study evaluated the diagnostic performance and
reproducibility of ChatGPT-40, a general-purpose large language model, in scoring HER2 THC in breast cancer cases
initially classified as IHC 2+. Methods: We retrospectively analyzed 81 formalin-fixed, paraffin-embedded invasive
carcinoma of no special type (NST) cases with prior HER2 IHC 2+ scores and corresponding dual in situ hybridization
(DISH) results. Five high-power field images per case were independently analyzed by ChatGPT-40 across three sessions,
using a standardized prompt aligned with the ASCO/CAP 2023 guidelines. Cases remaining equivocal after Al-assisted
interpretation were excluded from diagnostic performance calculations. HER2 DISH served as the reference standard.
Results: Fourteen cases (17.3%) remained equivocal following Al interpretation. Among the 67 reclassified cases,
ChatGPT-40 demonstrated an overall diagnostic accuracy of 79% (95% CI: 67-88%), a sensitivity of 30%, specificity
of 100%, positive predictive value of 100%, and negative predictive value of 77%. Intra-model reproducibility was
good (intraclass correlation coefficient = 0.78), whereas agreement with HER2 DISH was fair (Cohen’s k = 0.375).
Misclassification predominantly involved false-negative interpretations among HER2-positive cases. Conclusion:
ChatGPT-40 demonstrated high specificity and reproducibility for identifying HER2 IHC 3+ cases but showed limited
sensitivity and only fair concordance with HER2 DISH. These findings indicate that, in its current general-purpose
form, ChatGPT-4o0 is not suitable for independent HER2 assessment and may serve, at best, as an exploratory adjunct
to pathologist interpretation.
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Introduction

Breast cancer remains one of the leading causes of
cancer-related morbidity and mortality worldwide, with
human epidermal growth factor receptor 2 (HER?2) status
serving as a critical predictive biomarker for targeted
therapy. HER?2 overexpression, driven primarily by
ERBB?2 gene amplification, identifies a subset of tumors
that benefit from anti-HER2 agents such as trastuzumab
and pertuzumab, making accurate HER2 assessment
essential for appropriate treatment selection [1-3].

Current ASCO/CAP guidelines recommend
immunohistochemistry (IHC) as the initial method for
HER? evaluation, with equivocal (2+) results requiring
reflex in situ hybridization (ISH) testing. Although this

algorithm is well established, interpretation of HER2
IHC particularly equivocal cases remains challenging.
Subjective assessment of membranous staining intensity
and completeness, coupled with pre-analytic and technical
variability, contributes to interobserver disagreement.
These limitations may lead to unnecessary reflex
testing, increased costs, delayed turnaround times, and
potential misclassification, particularly in tumors with
heterogeneous or low-level HER?2 expression [4-9].

The clinical relevance of accurate HER?2 categorization
has expanded with the recognition of HER2-low and
HER?2-ultralow disease, where subtle differences in IHC
interpretation may influence eligibility for antibody—drug
conjugates. Consequently, there is growing interest in
objective or Al-assisted approaches that may enhance
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consistency in HER2 THC assessment. Pathology-specific
artificial intelligence systems trained on whole-slide
images have shown promising performance; however,
such systems require specialized infrastructure, curated
datasets, and domain-specific training [6-9].

In parallel, large language models (LLMs), including
ChatGPT, have emerged as general-purpose Al tools
capable of processing multimodal inputs, including
images. Preliminary studies have explored their potential
roles in pathology-related tasks such as diagnostic
reasoning, image description, and educational support.
Nevertheless, these models were not designed for
medical diagnostics and lack pathology-specific training
and regulatory validation [10-13]. Their diagnostic
performance, particularly for visually nuanced tasks such
as HER2 THC interpretation, remains largely unexplored.

Against this background, the present study investigates
the feasibility of using ChatGPT-40, a general-purpose
large language model with image-processing capability, as
an exploratory tool for HER2 THC scoring in breast cancer
cases initially classified as equivocal (2+). Specifically,
this study aims to evaluate the diagnostic accuracy of
ChatGPT-4o relative to HER2 DISH results and to assess
its intra-model reproducibility across repeated evaluations.

Materials and Methods

Study Design and Population

This retrospective diagnostic study was conducted
using archival formalin-fixed, paraffin-embedded breast
cancer specimens obtained at Hatyai Hospital, Thailand,
between January 2024 and July 2025. A total of 107 cases
with HER2 THC scores of 2+ were initially identified from
the pathology database. After histopathologic confirmation
and quality screening, 81 cases met the inclusion criteria:
(1) diagnosis of invasive carcinoma of no special type
(NST); (2) prior HER2 THC score of 2+ assigned by board-
certified pathologists; and (3) availability of corresponding
HER?2 DISH results and intact HER2-stained slides. Cases
with insufficient tissue, missing DISH data, or inadequate
image quality were excluded. The study workflow is
illustrated in Figure 1.

Sample Size Considerations
A preliminary pilot assessment was conducted
to evaluate feasibility rather than to test a definitive
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Figure 1. Study Workflow of ChatGPT-40 HER2 IHC
Interpretation

hypothesis. The sample size was informed by estimation
of diagnostic sensitivity with an acceptable margin of
error, acknowledging the exploratory nature of the study.
Accordingly, findings should be interpreted as hypothesis-
generating.

Image Acquisition

For each case, five representative high-power field
(400%) images of HER2-stained tumor regions were
digitally captured using a standardized microscope-
mounted imaging system at a resolution of 2048 x 1536
pixels (TIFF format). Tumor-rich areas were selected
to reflect staining heterogeneity across the lesion (as
shown in Figure 2). Images with poor focus, artifacts,
or suboptimal staining were excluded. To minimize
selection bias, images were reviewed independently by
two pathologists prior to upload, and investigators were
blinded to HER2 DISH results during image selection.

Figure 2. Demonstration of the Selection of Five Representative Fields for HER2 IHC Imaging
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ChatGPT-4o Interaction and Scoring Protocol

A pretrained ChatGPT-40 model (OpenAl, May
2025 version) was applied in a zero-shot setting without
additional fine-tuning or dataset-specific training. Each
set of five images per case was uploaded in a new chat
session using a standardized prompt based on ASCO/
CAP 2023 criteria:

“Please evaluate these HER2 immunohistochemistry
images based on the 2023 ASCO/CAP guidelines. For
each image, consider intensity of membranous staining
(weak, moderate, strong), completeness (complete or
incomplete), and the proportion of positively stained
tumor cells. Provide a final HER2 score (0, 1+, 2+, or 3+)
for the case based on majority criteria.”

ChatGPT-40 was blinded to all clinical data and
DISH results. A final HER2 THC score for each case was
determined by majority interpretation across the five
images. Representative outputs are shown in Figure 3.

Reproducibility Assessment

To assess intra-model reproducibility, the complete
image dataset was reanalyzed in two additional
independent ChatGPT-40 sessions using the identical
prompt and image input format. Each session was
conducted separately to minimize contextual memory
effects. Reproducibility was defined as concordant HER2
IHC scores in at least two out of three evaluation rounds.
The intraclass correlation coefficient (ICC) was used to
quantify scoring reliability across sessions.

Reference Standard and Concordance Criteria

HER? dual in situ hybridization (DISH) was used as
the reference standard for HER?2 status determination.
Interpretation followed the 2023 ASCO/CAP guidelines
[14]. Cases were categorized as:

HER2-positive
DISH amplification (Group 1); or IHC 3+; or [HC 2+
with DISH Group 3.

HER?2-negative
DISH non-amplification (Group 5); or IHC 0-2+ with

DISH Group 2 or 4 that remains in the same group after
repeat review/recount by a second observer; or IHC 0—1+
with DISH Group 3.

Cases that remained classified as HER2 THC 2+ after
ChatGPT-40 interpretation were considered unresolved
and were excluded from diagnostic accuracy calculations.

HER?2 Immunohistochemistry Procedure

HER?2 immunohistochemistry was performed on 4-um
formalin-fixed, paraffin-embedded tissue sections using
the Ventana BenchMark ULTRA automated staining
platform. The PATHWAY anti-HER2/neu antibody (clone
4B5) was used according to the manufacturer’s protocol.
Antigen retrieval was carried out with CC1 buffer at 95
°C for 36 minutes, followed by ultraView DAB detection
and automated counterstaining. Each staining run included
validated internal and external quality controls.

HER?2 Dual In Situ Hybridization (DISH)

HER?2 gene amplification was evaluated using the
VENTANA INFORM HER2 Dual ISH DNA Probe
Cocktail, targeting the HER?2 gene and chromosome 17
centromere (CEP17). Hybridization and signal detection
were performed on the Ventana BenchMark ULTRA
platform in accordance with manufacturer-recommended
protocols. HER?2 signals were visualized as black signals,
and CEP17 signals as red signals.

Statistical Analysis

Diagnostic performance was evaluated using
2 x 2 contingency tables comparing ChatGPT-40—
derived HER2 THC classifications with HER2 DISH
results as the reference standard. Overall accuracy,
sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated with
corresponding 95% confidence intervals.

Intra-model reproducibility across three independent
ChatGPT-40 evaluation rounds was assessed using
the intraclass correlation coefficient (ICC), based on a
two-way random-effects model with absolute agreement.
ICC values were interpreted as follows: < 0.50, poor
reliability; 0.50-0.75, moderate reliability; 0.75-0.90,
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Figure 3. Sample Image Sets with ChatGPT-40-assigned HER2 THC Scores (1+, 2+, and 3+) and Corresponding

HER?2 DISH Results for Initially Equivocal (2+) cases.
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good reliability; and > 0.90, excellent reliability.

Agreement between ChatGPT-40 HER2 THC
classifications and HER2 DISH results was evaluated
using Cohen’s kappa (k) statistic, with agreement strength
categorized as slight (< 0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), or almost perfect
(> 0.80).

All statistical analyses were performed using R
software (version 3.3.1; R Foundation for Statistical
Computing).

Results

Study Cohort

A total of 107 breast cancer cases with initial HER2
IHC scores of 2+ were identified during the study period.
After exclusion of cases with insufficient tissue, missing
HER2 DISH results, or inadequate image quality, 81
cases were included in the final analysis. All patients
were female, with a mean age of 54.9 years (range 31-77
years; SD 10.9). All tumors were classified as invasive
carcinoma of no special type (NST).

HER?2 DISH analysis demonstrated ERBB2 gene
amplification. HER2 DISH results were positive in 26
cases (32.1%) and negative in 55 cases (67.9%). Based
on ASCO/CAP criteria, the distribution of DISH groups
was as follows: Group 1 (amplified), 27 cases (33.3%);
Group 2 (equivocal), 8 cases (9.9%); and Group 5 (non-
amplified), 46 cases (56.8%). Baseline demographic and
HER?2 DISH characteristics are summarized in Table 1.

ChatGPT-40 HER?2 IHC Classification

Following Al-assisted evaluation, 14 of the 81 cases
(17.3%) remained classified as HER2 THC 2+ and were
considered unresolved. These cases were excluded from
diagnostic performance calculations in accordance with
guideline-based definitions of equivocal results. The
remaining 67 cases were reclassified by ChatGPT-40
as either HER2 THC 0/1+ or 3+ and were included in
subsequent analyses.

Diagnostic Performance

Among the 67 evaluable cases, ChatGPT-40 achieved
an overall diagnostic accuracy of 79% (95% CI: 67-88%)
when compared with HER2 DISH results. Sensitivity
for detecting HER2-positive disease was 30% (95% CI:
12-54%), while specificity reached 100% (95% CI: 92—

Table 1. Demographic Characteristics and HER2 Dual in
Situ Hybridization (DISH) Results of the Study Cohort
(N=281)

Characteristic Value
Age (years), mean = SD 54.9+10.9
HER?2 DISH positive, n (%) 26 (32.1)
HER?2 DISH negative, n (%) 55 (67.9)
DISH Group 1 (amplified), n (%) 27 (33.3)
DISH Group 2 (equivocal), n (%) 8(9.9)
DISH Group 5 (non-amplified), n (%) 46 (56.8)

SD, standard deviation; DISH, dual in situ hybridization.

1706 Asian Pacific Journal of Cancer Prevention, Vol 27

100%). The positive predictive value was 100% (95% CI:
54-100%), indicating complete concordance among cases
classified as IHC 3+. The negative predictive value was
77% (95% CI: 65-87%). Detailed diagnostic performance
metrics are presented in Table 2.

Misclassification Patterns

Misclassification was predominantly driven by false-
negative interpretations. Fourteen of 61 cases (23%)
classified as HER2-negative (IHC 0/1+) by ChatGPT-40
were HER2-positive by DISH. Among these false-negative
cases, 10 (71.4%) were consistently interpreted as IHC 1+
across all three evaluation rounds, suggesting systematic
underestimation of HER?2 expression, particularly in cases
with intratumoral heterogeneity characterized by foci of
weak or incomplete membranous staining.

A heatmap illustrating ChatGPT-40 HER2 THC
interpretations across three independent scoring rounds
and the final consensus result, in comparison with HER2
DISH status, is shown in Figure 4. This visualization
highlights inter-round consistency, unresolved equivocal

Table 2. Diagnostic Performance of ChatGPT-40
HER2 Immunohistochemistry Interpretation Compared
with  HER2 DISH in Reclassified Non-Equivocal
Cases (N = 67)

ChatGPT-40 HER2 HER2 DISH HER2DISH  Total
IHC classification positive negative

THC 3+ (positive) 6 0 6
IHC 0-1+ (negative) 14 47 61
Total 20 47 67

Cases remaining equivocal (IHC 2+) after ChatGPT-4o0 interpretation
were excluded from analysis.

ChatGPT-40
Rl R2 R3

HER2 DISH Final

Positive
HER2 DISH results
I Positive
I Negative
Negative

ChatGPT-4o interpretation
Il Positive score 3+
[ Equivocal score 2+
I Negative score 0-1+

Figure 4. Heatmap Showed ChatGPT-40 HER2 THC
Interpretations (Final and R1-R3) across 81 Cases,
Ordered by HER2 DISH Status. Colors represent HER2
IHC categories (0—1+, 2+, 3+). The figure demonstrates
inter-round consistency, equivocal cases, and agreement
with HER2 DISH.
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Table 3. Reproducibility and Agreement of ChatGPT-40 HER2 Immunohistochemistry Assessment

Assessment Comparison

Statistical measure Interpretation

Intra-model
reproducibility independent evaluation rounds
Inter-method

agreement HER?2 DISH status

ChatGPT-40 scoring across three

ChatGPT-40 HER2 IHC classification vs.

Intraclass correlation
coefficient (ICC) = 0.78

Cohen’s kappa (k) = 0.375

Good reproducibility

Fair agreement

ICC calculated using a two-way random-effects model with absolute agreement.

cases, and patterns of concordance and discordance.

Reproducibility and Agreement

Intra-model reproducibility across three independent
ChatGPT-40 scoring rounds was good, with an intraclass
correlation coefficient (ICC) of 0.78 (95% CI: 0.70-0.84;
p <0.001). Agreement between ChatGPT-40 HER2 IHC
classification and HER2 DISH status was fair, with a
Cohen’s kappa value of 0.375 (p <0.001). Reproducibility
and agreement metrics are summarized in Table 3.

Discussion

In this exploratory study, we evaluated the diagnostic
performance and reproducibility of ChatGPT-4o0, a
general-purpose large language model, for HER?2
immunohistochemistry interpretation in breast cancer
cases initially classified as equivocal (IHC 2+). While
ChatGPT-40 demonstrated excellent specificity and
perfect positive predictive value for identifying HER?2
THC 3+ cases, its low sensitivity and only fair agreement
with HER2 DISH substantially limit its clinical utility.

The most notable finding was the consistent
underestimation of HER?2 expression in a subset of
HER2-DISH positive tumors, resulting in false-negative
classifications. These errors were not sporadic; rather,
many HER?2-DISH positive cases were repeatedly scored
as [HC 1+ across multiple evaluation rounds. This pattern
suggests difficulty in recognizing tumor heterogeneity
characterized by foci of weak or incomplete membranous
staining, a challenge that is particularly relevant in the
current era of HER2-low and HER2-ultralow disease
classification [5]. From a clinical perspective, such false-
negative interpretations could delay or preclude access
to HER2-targeted therapies, with direct implications for
patient outcomes [15].

Although ChatGPT-40 showed good intra-model
reproducibility, reproducibility alone does not equate
to diagnostic validity. The fair concordance with
HER?2 DISH underscores that consistent outputs may
still be consistently incorrect. Importantly, pathologist
interpretation remains the reference standard for HER?2
IHC assessment, and all equivocal cases must continue
to undergo confirmatory ISH testing in accordance with
established guidelines, regardless of any Al-generated
interpretation.

When contextualized against pathology-specific Al
platforms, the performance of ChatGPT-40 is modest. Deep
learning systems trained on annotated whole-slide images
have reported higher sensitivity, stronger agreement with
reference standards, and superior discrimination across
HER? categories. These systems benefit from domain-

specific training, access to whole-slide context, and
explicit modeling of tumor—stroma relationships features
absent in general-purpose LLMs. The contrast highlights
that model architecture and training paradigm are
critical determinants of performance in visually nuanced
diagnostic tasks [8, 9, 16-19].

Recent interest in applying large language models
to pathology has primarily focused on educational
support, diagnostic reasoning assistance, and structured
reporting, rather than direct image-based diagnosis. While
experimental studies suggest that LLMs can synthesize
morphological descriptions and assist interpretive
reasoning, their role in primary diagnostic decision-
making remains unproven. The findings of the present
study reinforce this distinction, demonstrating that a
general-purpose LLM, even with image-processing
capability, is insufficient for reliable biomarker assessment
without pathology-specific training and validation [ 10-13].

This study has several important limitations. First,
analysis was restricted to preselected high-power field
images rather than whole-slide images, introducing
potential selection bias and limiting assessment of
architectural context and staining heterogeneity. Second,
ChatGPT-40 was applied in a zero-shot setting without
pathology-specific training, constraining its ability
to recognize subtle, domain-specific visual features.
Third, the study was conducted at a single center with a
relatively modest sample size and should be interpreted
as exploratory. Prospective multi-center validation to
improve diagnostic performance is needed. Finally, the
exclusion of unresolved equivocal cases from performance
calculations may influence generalizability of the reported
metrics.

In summary, ChatGPT-40 demonstrated high specificity
and good reproducibility in identifying HER2 THC 3+
cases among initially equivocal breast cancer samples.
However, its low sensitivity, modest negative predictive
value, and only fair agreement with HER2 DISH indicate
that it cannot reliably detect all HER2-positive tumors.
In its current general-purpose form, ChatGPT-40 is not
suitable for independent HER?2 assessment and should not
be integrated into routine diagnostic workflows. Future
advances in pathology-trained, slide-level Al systems
may offer more clinically meaningful performance and
warrant further investigation.
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