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Comparative Analysis of ChatGPT and Human
Expertise in Diagnosing Primary Liver Carcinoma:
A Focus on Gross Morphology
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ABSTRACT

Objective: This study aims to compare the diagnostic accuracy of customized ChatGPT and human experts in
identifying primary liver carcinoma using gross morphology.

Materials and Methods: Gross morphology images of hepatocellular carcinoma (HCC) and cholangiocarcinoma
(CCA) cases were assessed. These images were analyzed by two versions of customized ChatGPT (e.g., with and
without a scoring system), pathology residents, and pathologist assistants. The diagnostic accuracy and consistency
of each participant group were evaluated.

Results: The study analyzed 128 liver carcinoma images (62 HCC, 66 CCA), with the participation of 13 pathology
residents (median experience of 1.5 years) and three pathologist assistants (median experience of 5 years). When
augmented with a scoring system, ChatGPT’s performance was found to align closely with first- and second-year
pathology residents and was inferior to third-year pathology residents and pathologist assistants, with statistical
significance (p-values < 0.01). In contrast, the diagnostic accuracy of ChatGPT, when operating without the scoring
system, was significantly lower than that of all human participants (p-values < 0.01). Kappa statistics indicated that
the diagnostic consistency was slight to fair for both customized versions of ChatGPT and the pathology residents.
It was noted that the interobserver agreement among the pathologist assistants was moderate.

Conclusion: The study highlights the potential of ChatGPT for augmenting diagnostic processes in pathology.
However, it also emphasizes the current limitations of this Al tool compared to human expertise, particularly
among experienced participants. This suggests the importance of integrating AI with human judgment in diagnostic
pathology.
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(Siriraj Med J 2025; 77: 119-129)

INTRODUCTION

Primary liver carcinoma, encompassing hepatocellular
carcinoma (HCC) and cholangiocarcinoma (CCA),
represents a significant global health challenge due to
its high incidence and mortality rates.' Pathologists play
a crucial role in diagnosing these malignancies, relying
heavily on a combination of histopathological examination
and the assessment of gross morphological features. This
assessment is vital, as the initial diagnosis often depends
on the visual and tactile examination of liver tissue during
surgical procedures or post-surgical analysis. The gross
morphology of liver carcinoma can provide critical
insights into the tumor’s type, size, extent, and potential
invasiveness, guiding further histological examination.
Accurate identification and characterization of these
cancers at the gross level are essential, as they directly
influence treatment decisions, prognostic evaluations,
and patient outcomes.”’ Therefore, the precision and
expertise brought by pathologists in interpreting these
gross morphological features are of paramount importance
in the clinical management of primary liver carcinoma.

The uses of artificial intelligence (AI) in medicine have
been growing. A chatbot, such as ChatGPT, developed
by OpenAl, combines a general-purpose Al system with
a chat interface, allowing for natural conversations akin

to those between humans. Users interact with ChatGPT
by entering prompts, to which it responds contextually
and quickly. The effectiveness of these interactions often
depends on the precise wording of prompts, a concept
known as “prompt engineering”. ChatGPT excels in
generating accurate responses to straightforward questions.’
Evidence highlights ChatGPT-4’s high success rate in
answering USMLE practice questions and its superior
performance compared to earlier AI chatbot models.”
However, this generative AI program demonstrates
promising yet limited capabilities in pathology education
when being asked to answer board-style questions."

The recent integration of image analysis capabilities
into ChatGPT marks a significant advancement in the
field of generative Al This feature enables ChatGPT to
comprehend and respond to textual inputs and analyze
and interpret images. Users can now upload images
directly into the conversation, allowing the Al to provide
detailed descriptions, insights, and interpretations based
on the visual content.” Data on using ChatGPT for
image analysis in anatomical pathology is limited. This
study aimed to compare the accuracy of the diagnosis
of primary liver carcinoma based on gross morphology
between customized versions of ChatGPT and human
expertise.
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MATERIALS AND METHODS
Gross images

Gross images of consecutive cases of HCC and CCA
were obtained from the archives of the Department of
Pathology, Faculty of Medicine, Khon Kaen University,
capturing a broad spectrum of morphological variations
in HCC and CCA. Diagnoses were confirmed by a liver
pathologist (PS) through histopathologic evaluation
using hematoxylin and eosin (H&E)-stained slides, with
immunohistochemistry as an adjunct, to establish ground
truth. Clinical data for each case was collected from an
electronic medical database.

ChatGPT-4

Scoring system

ChatGPT-4 was assigned the task of developing a
scoring system to differentiate the gross morphological
teatures of HCC and CCA using the prompt, “Create a
scoring system to distinguish gross morphology between
HCC and CCA”. The initial system included seven
parameters: lesion color, texture, nodule presentation,
vascular invasion, capsule formation, growth pattern,
and presence of satellite lesions. Each parameter was
scored on a scale from 0 to 2, representing typical features
of HCC and CCA. After a review by two hepatobiliary
pathologists, PS and TL, the scoring system was refined,
with vascular invasion removed, leaving six criteria. The
updated system was validated using 20 images of HCC
and CCA.

Customization

For a uniform approach to evaluating image responses,
we used two distinct configurations of ChatGPT-4.
The first configuration applied a predefined scoring
system before arriving at a final diagnosis. In contrast,
the second configuration directly determined the final
diagnosis, bypassing the scoring system. Snapshots of
these configurations are presented in Fig 1.

Detailed guidelines for both configurations of
ChatGPT-4 are provided in the following sections.

1. ChatGPT with scoring system

“This GPT is a hepatobiliary pathologist specializing in
the evaluation of liver tumor images to distinguish between
hepatocellular carcinoma (HCC) and cholangiocarcinoma
(CCA). It always applies a detailed scoring system to
each image, assessing color, texture, nodule presentation,
capsule formation, growth pattern, and satellite lesions.
Each criterion is scored from 0 (indicative of HCC) to 2
(indicative of CCA). The scoring criteria are as follows:
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A Create Configure

[Name

Gross PLC _ Dx _ With Score

Description

Expert in gross morphology of primary liver cancers

Instructions

This GPT is a hepatobiliary pathologist specializing in the evaluation of liver tumor images to distinguish between hepatocellular
carc u

ing criteria are
(HCO). 1
2. Texture: Score 0 for soft to firm with necrosis (HCC), 1 for mixed/indistinct texture, and 2 for firm and scirrhous (CCA).

|Conversation starters
Interpret this liver tumor image.
Score this image for HCC vs CCA.

Can you evaluate this tumor’s characteristics?

Configure

Name

Gross PLC _Dx _ No Score

Description

Gross PLC Dx No score

Instructions

The GPT is tailored to answer the image quiz homework regarding liver conditions limited to hepatocellular
carcinoma (HCC) and cholangiocarcinoma (CCA). The GPT must understand that it must not suggest multiple
possible answers; instead, it should always offer a single, definite answer based on the image provided. Answers are
limited to HCC, probable HCC, indeterminate, probable CCA, and CCA.

Conversation starters

Diagnosis?
Fig 1. Snapshots of ChatGPT’s configurations. (A) With scoring
system. (B) Without scoring system.

1. Color: Score 0 for green/brown (HCC), 1 for
varied/ambiguous colors, and 2 for white/gray (CCA).

2. Texture: Score 0 for soft to firm with necrosis
(HCCQC), 1 for mixed/indistinct texture, and 2 for firm
and scirrhous (CCA).

3. Nodule presentation: Score 0 for single/multiple
nodules (HCC), 1 for multiple nodules with unclear
margins, and 2 for absence of nodules (CCA).

4. Capsule formation: Score 0 for the presence of a
fibrous capsule (HCC), 1 for partial/incomplete capsule,
and 2 for no capsule (CCA).

5. Growth pattern: Score 0 for expansive growth
(HCC), 1 for mixed/uncertain growth patterns, and 2
for infiltrative growth (CCA).

6. Satellite lesions: Score 0 for numerous satellite
lesions (HCC), 1 for a moderate number, and 2 for
absent/few (CCA).

The score interpretation is as follows: 0-2 indicates
definite HCC, 3-5 suggests probable HCC, 6 is indeterminate,
7-9 points towards probable CCA, and 10-12 indicates
definite CCA. This method ensures a thorough and
accurate analysis for each case.”
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2. ChatGPT without scoring system

“The GPT s tailored to answer the image quizhomework
regarding liver conditions limited to hepatocellular
carcinoma (HCC) and cholangiocarcinoma (CCA). The
GPT must understand that it must not suggest multiple
possible answers; instead, it should always offer a single,
definite answer based on the image provided. Answers
are limited to HCC, probable HCC, indeterminate,
probable CCA, and CCA”.

To evaluate the diagnostic consistency of ChatGPT,
each image was sent to ChatGPT for 5 times. The responses
from ChatGPT for each submission of the image were
then recorded.

Human participants

Pathology residents and pathologist assistants at
the Department of Pathology, Faculty of Medicine,
Khon Kaen University, were tasked with diagnosing
primary liver carcinoma based on gross images. While
not briefed on ChatGPT-4’s specific scoring system,
these participants were instructed to classify each image
according to categories derived from ChatGPT-4’s analysis.
These categories included definite HCC, probable HCC,
indeterminate, probable CCA, and definite CCA.

Marking system

The accuracy of ChatGPT’s responses and those
of human participants were assessed against ground
truths (e.g., histopathological evaluation). A marking
system was established to measure the proficiency of
ChatGPT and human experts in diagnosing primary
liver carcinoma (Table 1).

TABLE 1. Marking system to measure the proficiency
of ChatGPT and human experts in diagnosing primary
liver carcinoma.

Ground truth Response Mark
Definite HCC 2
Probable HCC 1

HCC Indeterminate 0
Probable CCA -1
Definite CCA -2
Definite CCA 2
Probable CCA

CCA Indeterminate 0
Probable HCC -1
Definite HCC -2

Abbreviations: HCC, hepatocellular carcinoma; CCA, cholangiocarcinoma.

Sample size justification

A sample size calculation was conducted to determine
the number of images required per group for reliable
comparisons of diagnostic accuracy between ChatGPT
and human evaluators. Using an independent t-test
with a significance level of 0.05, a power of 80%, and
a moderate effect size (0.5), the analysis indicates that
approximately 64 images per group are needed. This
sample size provides an 80% probability of detecting a
true difference in diagnostic accuracy if one exists, with
a 5% chance of a Type I error (false positive).

Data analysis

Descriptive statistics were used to detail the gross image
and characteristics of the participants. The performance
of ChatGPT-4 and human experts was assessed through
overall scores. The scores were compiled for each entity:
ChatGPT with a scoring system, ChatGPT without a
scoring system, residents from each year of their program,
and pathologist assistants. The ANOVA test was used
to calculate whether there were differences among the
groups. To provide insights into the specific groups
between which significant differences existed, Tukey’s
Honestly Significant Difference (HSD) test was used for
post-hoc analysis. A p-value of less than 0.05 indicated a
statistically significant difference. Interobserver agreement
was assessed with kappa statistics, interpreted according
to the Landis and Koch scale: values <0.00 indicate poor
agreement, 0.00-0.20 slight, 0.21-0.40 fair, 0.41-0.60
moderate, 0.61-0.80 substantial, and 0.81-1.00 almost
perfect agreement.’

RESULTS
Gross image and participant characteristics

The study included 128 macroscopic images of
primary liver carcinoma, consisting of 62 cases of HCC
and 66 cases of CCA. Thirteen pathology residents (5
first-year, 3 second-year, and 5 third-year residents) and
three pathologist assistants participated in the analysis.
The residents had a median of 1.5 years of pathology
experience (range: 0.5 to 2.5 years) but lacked specific
training in liver pathology and had limited exposure to
primary liver carcinoma cases, with no recent educational
activities that might have influenced their diagnostic
performance. In contrast, the pathologist assistants had
a median of 5 years of experience (range: 3 to 7 years),
were trained in handling liver specimens, and were
familiar with the gross morphology of primary liver
carcinomas.
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Performance of ChatGPT-4 and human participants

Snapshots of ChatGPT’s performance are demonstrated
in Fig 2. Participants’ scores are illustrated in Fig 3. The
performance of each participant group is summarized in
Table 2. The customized ChatGPT that did not apply a
scoring system performed worst among all evaluators. The
highest mean scores were those of pathologist assistants
and third-year residents.

Evaluating the image provided using the specified scoring criteria:

1. Color: The tumor appears to have a yellowish hue with some brown areas, su
green/brown spectrum. Score: 0 (HCC).

2. Texture: The lesion looks relatively soft with a smooth texture and some apparent necrosis areas.
Score: 0 (HCO).

3. Nodule Presentation: The tumor appears as a single, well-circumscribed nodule with an

expansive growth pattem rather than a diffuse infiltration. Score: 0 (HCC).

4. Capsule Formation: There is a dlear fibrous capsule demarcating the lesion from the
Score:0 (HCO).

Total Score: 0

Interpretation: A score of 0 strongly suggests hepatocellular carcinoma (HCC). This aligns with the
appearance of the lesion, which exhibits classic features of HCC rather than cholangiocarcinoma
(cea

Preview

diagnosis?

Cholangiocarcinoma (CCA)

The image shows a firm, nodular mass with a distinctly lobulated, pale yellow appearance and a

more solid texture relative to surrounding liver tissue. These characteristics are typical of

cholangiocarcinoma, especially in the absence of the trabecular or hemorrhagic pattern seen more

commonly in hepatocellular carcinoma.

Fig 2. Snapshots of ChatGPT’s responses. (A) With scoring system.
(B) Without scoring system.
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Fig 3. Scores of each participant. Bar charts demonstrating (A) overall
scores, (B) hepatocellular carcinoma (HCC) scores, and (C)
cholangiocarcinoma (CCA) score.

Abbreviations: CS = ChatGPT with a scoring system; C = ChatGPT
without a scoring system; R1 = First-year pathology residents; R2 =
Second-year pathology residents; R3 = Third-year pathology residents;
PA = Pathologist assistants.

TABLE 2. Performance of ChatGPT 4 and human participants.

Evaluators Mean
ChatGPT
Scoring system 90.4
No scoring system 5.8
Human participants
First-year residents 84.2
Second-year residents 78.7
Third-year residents 163.6
Pathologist assistants 186.3

SD Min Max
24.9 63 123
7 -7 13

69.1 -7 191

25.5 50 112
33.5 103 190
24.5 156 216

Abbreviations: SD = Standard deviation; Min = Minimum; Max = Maximum.
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Comparison of scores among ChatGPT-4 and human
participants

The Shapiro-Wilk test and Levene’s test were applied to
assess normality and homogeneity of variances, respectively,
yielding p-values above 0.05 before performing the
ANOVA test. The ANOVA showed an F-statistic of
9.804 and a p-value below 0.01. A post-hoc Tukey’s
HSD test was then conducted to identify specific group
differences (Table 3). In scoring comparisons, ChatGPT’s
average score was similar to those of first- and second-
year pathology residents but was lower than those of
third-year residents and pathologist assistants (p-value
< 0.01). Notably, when ChatGPT operated without a
scoring system, its overall performance was significantly
lower than that of all human participant groups (p-value
<0.01). The data also indicated a trend of higher scores
among human participants as their pathology experience
increased.

A subgroup analysis focusing on comparing the
diagnostic abilities of HCC and CCA among different

participant groups was performed. In assessing the HCC
diagnostic scores, the ANOVA test revealed an F-statistic
of 3.10 and a p-value of 0.03. Despite this, none of the
group-to-group comparisons showed statistically significant
differences in average scores, as all p-values exceeded
0.05. This suggests that while there was some overall
variance among the groups, no single group differed
significantly.

Regarding CCA diagnostic scores, the ANOVA
test indicated a more pronounced difference with an
F-statistic of 7.22 and a p-value below 0.01. Detailed
pairwise comparisons revealed significant score differences
between several groups: ChatGPT with a scoring system
and pathologist assistants (p-value = 0.03), ChatGPT
without a scoring system and pathologist assistants
(p-value < 0.01), and ChatGPT without a scoring system
and third-year pathology residents (p-value < 0.01).
Conversely, the remaining group comparisons did not
show statistically significant differences.

TABLE 3. Multiple comparison of means by the Tukey's HSD test.

Group 1 Group 2 Mean difference
CS C -84.60
CSs PA 95.93
CSs R1 -6.20
CSs R2 -11.73
CSs R3 73.20
PA 180.53
R1 78.40
R2 72.87
R3 157.80
PA R1 -102.13
PA R2 -107.67
PA R3 -22.73
R1 R2 -5.53
R1 R3 79.40
R2 R3 84.93

P-value Lower CI Upper CI Reject
<0.01* -115.59 -53.61 TRUE
<0.01* 64.95 126.92 TRUE
0.9 -37.19 24.79 FALSE
0.9 -42.72 19.26 FALSE
<0.01* 42.21 104.19 TRUE
<0.01* 149.55 211.52 TRUE
<0.01* 47 .41 109.39 TRUE
<0.01* 41.88 103.86 TRUE
<0.01* 126.81 188.79 TRUE
<0.01* -133.12 -71.14 TRUE
<0.01* -138.66 -76.68 TRUE
0.69 -53.72 8.26 FALSE
0.9 -36.52 25.46 FALSE
<0.01* 48.41 110.39 TRUE
<0.01* 53.95 115.92 TRUE

The table shows the mean differences between the scores of each pair of groups, along with the p-value for each comparison. The lower and

upper bounds of the 95% confidence interval for the mean difference are presented. If the “reject” column is true, it indicates that there is

a statistically significant difference between those groups.

Abbreviations: CS = ChatGPT with scoring system; C = ChatGPT without scoring system; PA = Pathologists assistants; R1 = First-year

pathology residents; R2 = Second-year pathology residents; R3 = Third-year pathology residents; CI = Confidence interval.

* = Statistically significant difference.
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Diagnostic consistency

Heat maps showing diagnostic consistency among
participants are presented in Fig 4. Kappa statistics with
interpretations of agreement level are shown in Table 4.
Similar to pathology residents, both customized ChatGPT
versions provided slight to fair diagnostic consistency.
Notably, the level of agreement in the pathologist assistant
group was moderate, higher than that of other participant
groups. A subgroup analysis was conducted to compare
the diagnostic consistency for HCC and CCA across
different participant groups. While the use of ChatGPT
without a scoring system resulted in moderate diagnostic
consistency, other groups demonstrated only slight
agreement in diagnosing both HCC and CCA.

Qualitative analysis of images with consistent responses

Images that consistently received definitive diagnoses
from participants were subjected to further analysis.
Out of these, 35 images (56.5%) of HCC and 20 images

A

...................................... Original Article SM]

(30.3%) of CCA were classified as “definite” for HCC
and CCA, respectively, by over half of the participants.
Specifically, the three HCC images that received the
highest number of “definite” diagnoses (ranging from
18 to 20 out of 26 responses) depicted either a mass in
a cirrhotic background (Fig 5A) or a solitary nodule
exhibiting expansive growth (Fig 5B). Similarly, the
three CCA images with the most definitive diagnoses
(16 to 21 responses) displayed characteristics such as an
intraductal growth pattern (Fig 5C) or a combination of
periductal infiltrating and mass forming growth patterns
(Fig 5D). The HCC image that most frequently received
reversed diagnoses of CCA (12 responses) presented a
large, protruding mass with a minimal amount of non-
neoplastic liver tissue (Fig 5E). Conversely, the CCA
image most commonly mistaken for HCC (11 responses)
predominantly showed a mass forming growth pattern
with focal areas of periductal infiltration (Fig 5F).

Fig 4. Diagnostic consistency. Heat maps showing diagnostic consistency of (A) hepatocellular carcinoma (HCC) and (B) cholangiocarcinoma
(CCA) among each participant group. Different colors were used to show diagnostic confidence levels for HCC and CCA as follows: green
for definite HCC, light green for probable HCC, yellow for indeterminate, orange for probable CCA, and red for definite CCA.
Abbreviations: GT = Ground truth; CS = ChatGPT with a scoring system; C = ChatGPT without a scoring system; R1 = First-year pathology
residents; R2 = Second-year pathology residents; R3 = Third-year pathology residents; PA = Pathologist assistants.

TABLE 4. Diagnostic consistency of each participant group.

Participant group

ChatGPT with a scoring system
ChatGPT without a scoring system
First-year residents

Second-year residents

Third-year residents

Pathologist assistants

Kappa Level of agreement
0.07 Slight

0.25 Fair

0.06 Slight

0.02 Slight

0.31 Fair

0.46 Moderate
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Fig 5. Images with consistent responses. Well-demarcated masses in a cirrhotic background (A) and a single nodule with an expansive

growth (B) are usually diagnosed as hepatocellular carcinoma. Masses with intraductal (C) and unequivocal periductal infiltrating (D)

growth patterns are commonly regarded as cholangiocarcinoma. A large, bulging mass with limited non-neoplastic liver tissue is sometimes

mistaken for cholangiocarcinoma (E). Cholangiocarcinoma with a predominant mass-forming growth can be misidentified as hepatocellular

carcinoma (F).

DISCUSSION

Our study provides a comparative analysis of
ChatGPT and human experts in diagnosing primary
liver carcinoma based on gross morphology. Key findings
reveal that both versions of ChatGPT—one using a
scoring system and one without—showed limited accuracy
and consistency in diagnosing primary liver carcinoma
through gross morphology alone. ChatGPT with a scoring
system performed at a level similar to that of first- and
second-year pathology residents but was less effective than
more experienced residents and pathologist assistants.

Notably, ChatGPT without a scoring system had the
lowest performance among all evaluators. The slight to
fair agreement observed among ChatGPT versions is
inadequate for practical application, contrasting with the
moderate agreement level among pathologist assistants
with experience in gross morphology of primary liver
carcinoma. These findings highlight the current limitations
of Al in interpreting gross morphology in neoplastic
diseases, underscoring the essential role of human expertise
in this domain.
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As of this writing, there are limited data on ChatGPT’s
use for analyzing pathological images, and the available
literature shows inconsistent results. While ChatGPT-4
demonstrates high sensitivity in identifying adenomas,
it struggles with low specificity, and its performance
in polyp classification remains variable. One major
concern is its lack of diagnostic consistency.” Additionally,
its histopathological evaluations for common diseases
are less accurate than those of pathology trainees."’
However, applying step-by-step reasoning (also known
as chain-of-thought prompting) has been shown to
improve its performance.'' In one study, ChatGPT was
able to accurately grade and stage fatty liver disease
using H&E and Masson’s trichrome-stained images.
Yet, caution is needed when interpreting these results,
as they relied on a small sample of publicly available
images (e.g., from PathologyOutlines.com) during a time
when ChatGPT had internet browsing capabilities.'*"”
Another study reports that ChatGPT outperformed
expert technicians in distinguishing between normal
and abnormal blood cells."* However, the applicability
of these findings is constrained by the specific types of
images (e.g., histopathology, peripheral blood smears)
utilized in the research. Despite high expectations among
pathologists for AI chatbots to excel in image analysis,"”
these expectations has yet to be realized. The current
study suggests that integrating a scoring system could
improve ChatGPT-4’s diagnostic accuracy.

ChatGPT, a cutting-edge chatbot developed by
OpenAl, stands at the forefront of natural language
processing technology.'® Built on the sophisticated GPT-
4 architecture, this chatbot is adept at generating text
that closely resembles human conversation, making it
incredibly versatile and user-friendly. Its training involves
extensive analysis of diverse text data, enabling it to
perform a variety of tasks such as providing informed
responses, drafting emails, generating creative content,
and even programming.'” In 2023, ChatGPT underwent
significant advancements, most notably the introduction
of image processing. These features, enabled by GPT-4V
and updated DALL-E models, allowed users to engage
with ChatGPT through images, expanding its applications
beyond text.” Additionally, the custom instructions
feature was introduced, allowing users to personalize
their interactions with ChatGPT to meet specific needs."
These developments not only enhanced user experience
but also increased the tool’s adaptability across various
industries, highlighting its growing importance in Al-
driven solutions and its potential for widespread impact
in different sectors.

Research has demonstrated that ChatGPT-4 effectively

...................................... Original Article SM]

answers a significant proportion of practice questions
for the USMLE examinations™'"” and offers accurate and
consistent responses to materials designed for pathology
examination preparation.”’ Additionally, a study has
shown that ChatGPT can respond to pathology-specific
inquiries on par with or surpass the performance of a
trained pathologist, depending on the version of the
model (GPT-3.5 or GPT-4).”' Despite these findings, it
is crucial to recognize that these outcomes do not imply
ChatGPT’s equivalence to pathologists in diagnostic
abilities. The studies specifically exclude questions that
require the interpretation of images. Furthermore, the
nature of the examination questions, which tend to have
clear and definitive answers, differs significantly from
real-world diagnostic scenarios that demand complex
decision-making.”

In a comparative study between ChatGPT and
pathologists regarding histopathology diagnosis and
collaborative potential, ChatGPT’s contributions were
deemed somewhat helpful but their effectiveness varied,
contingent on the pathologists’ prompts.” This finding
highlights the importance of prompt engineering. Prompt
engineering is essential in the Al field, particularly for
advanced language models ChatGPT. It involves crafting
questions or instructions to elicit precise and relevant
responses from Al Effective prompts also help mitigate
misinterpretation and bias, leading to more reliable AI
outcomes.™

Our study introduces a novel method for assessing
primary liver carcinoma by comparing ChatGPT’s image
analysis capabilities with human pathologist expertise.
A key strength lies in the innovative use of generative
AT to create a scoring system, subsequently reviewed by
liver pathologists—a first in this field. Similar research in
radiology, applying AI to evaluate gross tumor volume
and grade prognostic assessments of HCC, has shown
promising results.”””* Additionally, the study pioneers AI
analysis of gross morphological images of liver carcinomas,
directly comparing AI and human assessments. This
approach highlights AT’s potential to support diagnostic
processes in pathology while offering valuable insights
into AT’s current capabilities and limitations in medical
image interpretation. By including both Al and human
evaluators with diverse experience levels and no standardized
training, the research methodology provides a realistic
comparison, emphasizing areas where Al can complement
human judgment and where human expertise remains
indispensable.

While this study introduces a novel approach, several
limitations affect its broader applicability. First, its focus
on the gross morphology of primary liver carcinomas
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may restrict the findings’ relevance to other diseases and
histopathologic evaluations. Incorporating microscopic
findings, expert-provided descriptions, or other Al models
might yield more promising outcomes.'” Second, as
the study was conducted within a single institution,
the specialized expertise of pathology residents and
pathologist assistants in cholangiocarcinoma may have
influenced the results. Third, ChatGPT’s current lack of
annotation capabilities in image analysis could have impacted
diagnostic precision; with the tool evolving rapidly, these
findings may soon become outdated. Additionally, using
other commercially available generative Al models, such
as Gemini (formerly Bard) (Google, California, USA)
and Claude (Anthropic, California, USA), might yield
different outcomes. However, a recently published study
has suggested that Bard underperformed compared to
ChatGPT in pathology image interpretation.” These
factors limit the generalizability of the study and highlight
areas for further research and improvement.

This study offers several implications for pathology
practice and future research. First, it highlights ChatGPT’s
potential to enhance human expertise in pathology,
especially in analyzing and interpreting gross morphological
features. ChatGPT’s development of a scoring system
represents a step toward integrating Al into diagnostic
frameworks. Future research could benefit from advancing
Al-based diagnostic criteria that incorporate both gross and
microscopic features for more comprehensive diagnoses.
Another promising application is using ChatGPT to suggest
or interpret immunohistochemistry in challenging cases.”
Additionally, expanding research to encompass various
neoplastic and non-neoplastic diseases and testing across
different institutions with diverse disease prevalences could
provide valuable insights into the broader applicability
and effectiveness of Al tools in pathology. It is important
not to overstate ChatGPT’s potential. As a fundamentally
text-based large language model, ChatGPT generally excels
with text-based tasks, such as generating pathological
diagnoses from detailed microscopic descriptions or
creating educational content,'*” rather than with tasks
requiring pure image interpretation.” "'

In conclusion, this study underscores the evolving
role of Alin pathology, particularly in diagnosing primary
liver carcinoma using gross morphology. While ChatGPT
exhibits potential in augmenting diagnostic processes,
its performance, particularly with a scoring system,
remains inferior to experienced pathology residents
and pathologist assistants. The findings emphasize the
importance of combining Al tools with human judgment
in diagnostic pathology.
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