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Summary
Objective. Traditional pathological examination of lymph nodes is labor-intensive and has 
shown variability in diagnostic accuracy. Recent advancements in artificial intelligence (AI) 
provide promising opportunities to enhance and standardize pathological workflows. AI-
based image analysis models, particularly those utilizing deep learning algorithms, have 
demonstrated potential in automating and improving diagnostic accuracy in histopathology. 
This study aimed to evaluate the performance of a novel AI model known as ChatGPT-4 
in detecting metastatic involvement in sentinel lymph nodes (SLNs) from breast cancer 
cases. 
Methods. We utilized digital slides from frozen sections, which are commonly employed 
intraoperatively, to assess the model’s diagnostic accuracy. A total of 90 SLNs were retro-
spectively collected and analyzed using ChatGPT-4. The generated diagnoses were evalu-
ated by two senior pathologists. 
Results. The AI model achieved an overall accuracy of 92.2%, with a sensitivity of 100% 
and specificity of 80.6%. The study highlights the practical applicability of AI in diagnosing 
SLN metastasis, emphasizing the importance of frozen sections in real-world scenarios. 
Conclusions. These findings suggest that integrating AI models like ChatGPT-4 into 
pathological workflows could enhance diagnostic accuracy and efficiency in breast cancer 
treatment.
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Introduction

Breast cancer remains one of the most common malignancies affecting 
women worldwide 1. 
It is well established that the most relevant prognostic factor in breast 
cancer patients is the extent of disease spread outside the breast, par-
ticularly in the axillary lymph nodes 2. In this regard, lymph node involve-
ment serves as a crucial determinant for selecting the most appropriate 
therapeutic approach in breast cancer patients 3. However, pathological 
examination of lymph nodes in breast cancer is a labor-intensive and 
time-consuming process, with studies indicating that the diagnostic per-
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formance of pathologists has room for improvement 4.
Recent advancements in artificial intelligence (AI) of-
fer promising avenues to augment and standardize 
pathological workflows  5,6. AI-based image analysis 
models, powered by deep learning algorithms, have 
shown the potential to automate and enhance diag-
nostic accuracy in histopathology  5,6. An increasing 
number of studies have focused on the detection of 
breast cancer metastases within digital whole-slide 
images of breast lymph nodes stained with hematoxy-
lin and eosin 7-9. Notably, the CAMELYON16 challenge 
served as a platform for evaluating the efficacy of AI 
algorithms designed to automate the identification of 
metastases in these images  6. Among the 32 algo-
rithms assessed, seven surpassed the performance 
of a panel of 11 pathologists working under time-con-
strained conditions 6. Furthermore, the most effective 
AI algorithm demonstrated a level of accuracy ex-
ceeding that of the top-performing pathologist within 
the study 6.
In the present study we aimed to evaluate the perfor-
mance of an easy-to-use, widely accessible, AI model 
known as ChatGPT-4. This AI model was tested for its 
accuracy in detecting metastatic involvement in senti-
nel lymph nodes from breast cancer cases. 
Unlike pathology-specific algorithms, our study delib-
erately employed a general-purpose multimodal large 
language model. This exploratory choice was intended 
not to replicate the benchmarks of specialized tools, 
but rather to investigate whether a generalistic AI 
model could approach histopathological interpretation 
differently. In this sense, we consider our approach in-
novative and complementary, opening a distinct line 
of inquiry alongside established, domain-specific sys-
tems.

Materials and methods

AI Model Description

The AI model utilized in this study, named ChatGPT-4, 
was developed by OpenAI.
This AI model has an integrated functionality called 
GPT-4 with Vision (GPT-4V) that allows users to di-
rectly upload and analyze images, including medical 
images such as histopathology slides.
ChatGPT-4 is based on a transformer architecture. 
Unlike specialized deep-learning-based histopathol-
ogy models that rely on CNNs for feature extraction 
and image classification, GPT-4V employs multimod-
al transformer-based processing to analyze and inter-
pret images.

Case selection

A total of 90 sentinel lymph nodes (SLNs) from an 
equal number of breast carcinoma resection speci-
mens were retrospectively collected from the archives 
of our institution. Of these, 54 cases were confirmed 
to be metastatic, and 36 were negative for metastat-
ic involvement. Among the metastatic cases, 33 were 
classified as macrometastases (≥2 mm) and 21 as mi-
crometastases (0.2–2 mm). The study cohort included 
77 cases of ductal carcinoma NOS, of which 48 were 
metastatic, and 13 cases of lobular carcinoma, with 
6 showing lymph node metastases. Within the ductal 
carcinoma group, 30 cases presented macrometas-
tases, while 18 were micrometastases. In the lobular 
carcinoma group, 4 cases had macrometastases, and 
2 had micrometastases. No cases with isolated tumor 
cells (ITCs) were included in this study.
The study was conducted with the use of frozen sec-
tion photomicrographs taken from sentinel axillary 
lymph nodes. All cases were anonymized, and each 
image was digitized at 10X or 20X magnification for 
analysis. 
The histological slides were digitized using Aperio 
Scanscope with a 20X objective lens, with a pixel size 
of 0.5 μm/pixel.
Since GPT-4 currently does not support full whole-
slide image uploads, pre-selected regions of inter-
est (ROI) were uploaded, rather than entire scanned 
slides. 
ROIs were selected based on pathologist review to 
ensure that representative areas containing lymph 
node tissue were analyzed.
The images analyzed in this study were small, de-iden-
tified ROIs of lymph-node parenchyma, stripped of all 
labels, barcodes, and metadata, and thus impossible 
to link to an individual patient. Although inference was 
performed via the ChatGPT online interface, the plat-
form does not function as a public cloud repository 
but rather as a vendor-hosted inference environment. 
When applied under appropriate safeguards, its da-
ta-handling profile is comparable to other commercial 
AI tools currently employed in digital pathology re-
search.
These images were analysed by ChatGPT powered 
by GPT-4. The images were uploaded to ChatGPT 
(version GPT‐4, assessed 10 November 2023); the 
following prompt was utilized: ‘The images provid-
ed show histological frozen sections from a sentinel 
lymph node taken from a patient with invasive carci-
noma of the breast. Provide a potential diagnosis and 
suggest if the lymph node is positive or negative for 
metastatic involvement’.
The generated responses were afterward assessed 
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by two senior pathologists to evaluate GPT-4’s de-
scriptive accuracy and proficiency in histopathological 
diagnosis.

Ai-generated outputs 

The following step-by step procedure was utilized to 
record AI-generated results:
1	 The AI model provided direct classifications based 

on uploaded histological images without external 
manipulation. The responses were recorded as 
raw outputs before any human interpretation.

2	 The AI’s assessments were categorized into pre-
defined “positive” or “negative” outputs, avoiding 
ambiguous or subjective classifications.

3	 The AI-generated outputs were blindly compared 
to the gold standard pathology report without hu-
man intervention in modifying the AI’s response. 
This approach ensured that any bias in interpreta-
tion was minimized.

4	 To maintain objectivity, the AI’s responses were 
recorded prior to comparison with pathology di-
agnoses, ensuring that no retrospective bias was 
introduced by human interpretation.

Performance evaluation

We calculated the AI model’s diagnostic accuracy, 
sensitivity, specificity, and positive predictive value 
(PPV) based on the results of these 90 cases. The 

reference standards were the final histopathological 
diagnoses verified by experienced pathologists.

Results

A total of 90 histological cases were submitted for eval-
uation using the AI model. Of these, 54 cases were 
confirmed to be metastatic, and 36 were confirmed to 
be negative for metastatic involvement. The AI model 
classified 61 cases as metastatic and 29 as negative. 
Clinicopathological features have been summarized 
in Table I. The average reading time of AI model was 
2.53 seconds per uploaded image. 
All 54 metastatic cases were correctly identified, achiev-
ing a sensitivity of 100% (Fig. 1). However, 7 negative 
cases (19.4% of all negative cases) were incorrect-
ly classified as metastatic, resulting in a specificity of 
80.6%. Overall, the AI model correctly classified 83 of 

Table I. Clinicopathological features.
Case characteristics Total number

Submitted cases 90
Metastatic cases 54
Negative cases 36

Correct AI diagnoses 83
Incorrect AI diagnoses 7
Accuracy of AI Model 92.2%

Sensitivity 100%
Specificity 80.6%

Figure 1. (A-E) Hematoxylin and eosin stained frozen section illustrating metastatic sentinel lymph nodes. These photomi-
crographs, were correctly classified as “positive for metastatic involvment” by the AI model.
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the 90 cases, achieving an accuracy of 92.2%. The 
false-positive rate was 7.8%, with all misclassifications 
involving negative cases being interpreted as meta-
static. Since GPT-4 is unable to generate heatmaps or 
highlight specific regions within the image, false-posi-
tive cases were retrospectively reviewed by two senior 
pathologists, who identified likely sources of misclassi-
fication. The false positivity was attributed to crushed 
lymphocytes and plasma cells (4 cases), histiocytes (1 
case) and blood vessels (2 cases) (Fig. 2). 
The preanalytical factors like variation in tissue pro-
cessing, air bubbles, floaters, necrosis, and other ar-
tifacts did not seem to influence the effectiveness of 
the app.

False positive cases were then re-analysed by submit-
ting permanent section photomicrographs of the same 
lymph-nodes. In this second analysis, the AI mod-
el correctly identified 5/7 cases. In detail, two cases 
showing a proliferation of blood vessels and crushed 
lymphocytes were still interpreted as metastatic while 
the remaining 5 cases were correctly interpreted as 
negative.

Discussion

Large Language Models (LLMs), advanced AI models 
trained on vast text datasets, have shown remarka-

Figure 2. Hematoxylin and eosin stained frozen section illustrating sentinel lymph nodes negative for metastatic involvment 
(A,C: frozen sections; B,D: permanent sections). (A) Frozen section of a negative sentinel lymph node characterized by a pro-
liferation of blood vessels (arrows) that were interpreted as neoplastic cells by the AI model. (B) The case was re-analysed by 
submitting permanent section photomicrographs of the same lymph-node. In this second analysis, the proliferation of blood 
vessels (arrows) was still interpreted as metastatic by the AI model. (C) Frozen section of another false positive case where 
the presence of blood vessels (arrows) and crushed lymphocytes was incorrectly interpreted as a sign of metastatic involv-
ment by the AI model. (D) Permanent section photomicrograph of the same lymph node was then submitted for a re-analysis. 
However, the proliferation of blood vessels (arrows) was still interpreted as metastatic by the AI model.
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ble progress across diverse applications, including 
question answering, translation, and coding10. Among 
these models, ChatGPT has emerged as one of the 
most reliable and widely accessible chatbots 11. While 
ChatGPT has been extensively studied in healthcare, 
its application in pathology, particularly in diagnosing 
SNLs from images, has not been previously investi-
gated 12-18. 
This study explores the use of ChatGPT-4 to facilitate 
SLN screening, thereby enhancing diagnostic accura-
cy and improving the efficiency of pathologists. 
The results of our study underscore the effectiveness 
of ChatGPT-4 in identifying metastatic involvement in 
sentinel lymph nodes from breast cancer cases. The 
model demonstrated high sensitivity, indicating that 
it successfully identified all true positive cases with-
out missing metastatic foci. Although the specificity of 
80.6% suggests that some benign cases were incor-
rectly flagged as positive, this trade-off is consistent 
with AI applications in diagnostics, prioritizing sensi-
tivity to avoid false negatives. 
Deep learning algorithms have already been success-
fully applied in several fields of medicine, including 
lymph nod metastasis detection 5-9. These innovative 
tools have demonstrated considerable potential, as 
evidenced by their performance in the CAMELYON 
challenges, where AI systems achieved diagnostic 
accuracy comparable to expert breast pathologists 
operating without time constraints and exceeded the 
performance of general pathologists under time pres-
sures 6.
In the study by Steiner et al, the LYNA (Lymph Node 
Assistant) algorithm analyzed 70 whole-slide images 
(WSIs) showing improved accuracy and sensitivity for 
detecting micrometastases 19. 
Recently, Challa et al. reported a large-scale study 
on AI-assisted LN metastasis detection using hema-
toxylin and eosin-stained slides from breast cancer 
specimens9. The AI tool demonstrated an overall sen-
sitivity and negative predictive value (NPV) of 100%, 
positioning it as a potential screening tool preceding 
pathologists’ review 9. 
Compared to the most relevant studies on this topic 
such as LYNA, and CAMELYON16, several differenc-
es in sensitivity, specificity, accuracy, and false pos-
itives emerged  6,19. Our study achieved 100% sensi-
tivity, outperforming LYNA’s 91% sensitivity. However, 
our specificity was lower (80.6%) compared to LYNA’s 
96%, with a higher false-positive rate (7.8%), where 
all misclassified cases were negative LNs interpreted 
as metastatic. In contrast, LYNA’s false positives (4%) 
were primarily due to benign glandular inclusions and 
histiocytes, while our misclassifications were caused 
by crushed lymphocytes (4 cases), histiocytes (1 

case), and blood vessels (2 cases). CAMELYON16 
models demonstrated near-perfect AUCs (~0.99), but 
sensitivity and specificity varied across different algo-
rithms, with false positives arising from artifacts, ger-
minal centers, and reactive changes6.
In this scenario, ChatGPT-based image analysis 
stands out as promising alternative to existing algo-
rithms, eliminating the need for specialized training 
and expensive digital pathology workflows. GPT-4 
provides an accessible and readily available AI tool 
for histopathology interpretation, although it is not yet 
a fully integrated, automated solution for pathology 
workflows 12-18. Unlike pathology-specific AI tools that 
can directly process whole-slide images from scan-
ners and integrate into laboratory information systems, 
GPT-4 requires manual image export, uploading, and 
text-based prompting, which introduces additional 
steps that may not be practical in high-throughput 
clinical settings  6,9,19. Further development is needed 
to achieve integration with digital pathology systems 
and routine clinical practice.
The main strength of our study lies in our exclusive 
use of frozen sections. This methodological choice 
distinguishes our research from prior investigations 
that predominantly employed formalin-fixed paraf-
fin-embedded (FFPE) sections. By focusing on frozen 
sections, we emphasize the practical applicability of 
ChatGPT in diagnosing SLN metastasis during intra-
operative procedures.
Additionally, preanalytical variables, including tissue 
processing inconsistencies, air bubbles, floaters, ne-
crosis, and other artifacts, did not significantly affect 
the tool’s performance, underscoring its robustness 
and utility.
In our study, only false positive cases were re-ana-
lyzed by submitting FFPE tissue section photomicro-
graphs of the same lymph nodes. In this second anal-
ysis, the AI model accuracy improved.
We acknowledge that this approach introduces poten-
tial bias, as it does not systematically assess whether 
FFPE processing affects overall AI performance, in-
cluding the detection of true positives and false neg-
atives. While our findings suggest that higher-quality 
histological preparation improves specificity by reduc-
ing false positives, we cannot exclude the possibility 
that certain metastatic foci, particularly micrometas-
tases, may be more challenging to detect in FFPE 
sections due to differences in tissue processing and 
staining. A more comprehensive evaluation compar-
ing AI performance on both frozen and FFPE sections 
across all cases is necessary to determine whether 
FFPE provides a significant diagnostic advantage or 
introduces new detection challenges.
The study had limitations, including the small sample 



AI-ASSISTED SENTINEL LYMPH NODE EXAMINATION 473

size and the use of frozen sections which may intro-
duce artifacts impacting the model’s performance. 
Future research should focus on refining the mod-
el’s specificity and expanding the dataset to include 
a broader range of histological subtypes and tumor 
stages. 
Another limitation of our study is that AI analysis was 
performed on pre-selected regions of interest rather 
than full-slide images. This approach, which is often 
used in studies, may overestimate performance, as 
it avoids common histological artifacts such as ink 
contamination, tissue folding, and debris, which are 
present in real-world diagnostic settings. However, 
ROI-based analysis carries potential translation-
al strengths. By focusing on diagnostically relevant 
regions, this approach not only enables feasibility 
testing with a non-specialized model but may para-
doxically approximate certain real-world applications 
more closely. In low-resource settings, where whole-
slide scanners and high-performance computing are 
unavailable, a simple smartphone or digital camera 
image of a representative field could be rapidly ana-
lyzed by a general-purpose model, providing immedi-
ate feedback or second-opinion support. This points 
to a potential complementary role for ROI-driven AI, 
distinct from but synergistic with WSI-based pipelines, 
particularly in democratizing access to diagnostic 
support. Moreover, at present, ChatGPT-4 is not a 
certified medical device, and its use in diagnostics re-
mains experimental 12-18. A key challenge in certifying 
ChatGPT-4 as a medical product is that its underlying 
model is continuously updated by OpenAI without pri-
or notice, which could lead to performance variability 
in histopathological tasks such as LN metastasis de-
tection 12-18. Without a locked, validated version, GPT-
4 cannot currently meet these regulatory standards. 
However, it is highly probable that GPT’s performance 
in histological image analysis will improve significantly 
in the coming years as AI models become more spe-
cialized and pathology datasets are incorporated into 
their training. Future versions may offer greater accu-
racy, explainability, and consistency, potentially mak-
ing them more viable for regulatory approval.
In conclusion, While AI-assisted models can greatly 
improve diagnostic efficiency and consistency, their 
implementation should complement rather than re-
place human expertise. For complex cases or ambig-
uous findings, the model’s predictions serve as a val-
uable aid, prompting further examination and reduc-
ing the cognitive load on pathologists. Nevertheless, 
integrating AI in pathology workflows requires careful 
consideration of inter- and intra-pathologist variability, 
model validation, and user training.

Conclusion

This study is not a recommendation for clinical im-
plementation of ChatGPT-4 in pathology or any oth-
er diagnostic application. Rather, this work serves as 
an exploratory investigation into the capabilities of 
ChatGPT-4 in histopathology. The results observed in 
our study suggest that ChatGPT-4 shows potential for 
identifying metastatic involvement in sentinel lymph 
nodes of breast cancer. Further studies on larger co-
horts are necessary to confirm our findings, evaluate 
the model’s performance across diverse datasets, 
and ensure its reliability in different histopathological 
settings.
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