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Abstract 
Background: Artificial intelligence (AI) has become a game changing tool in histopathology, with the potential to make routine 

practice more accurate, efficient, and reproducible. Traditional pathology faces constraints due to inter-observer variability, 

escalating workloads, and the growing demand for precision medicine, underscoring the necessity for innovative digital solutions.  

Objective: To systematically evaluate the contribution of AI in improving diagnostic precision and operational efficiency in 

histopathology. 

Methods: A comprehensive literature search was performed on PubMed, Scopus, Web of Science, and Google Scholar for studies 

published from 2011 to 2025. Eligible studies encompassed randomized controlled trials, cohort studies, and diagnostic accuracy 

assessments examining AI applications in histopathological image analysis. Data extraction concentrated on AI methodologies, 

diagnostic performance indicators (accuracy, sensitivity, specificity, AUC), efficiency results, and constraints. The QUADAS-2 and 

Newcastle–Ottawa tools were used to rate the quality of the study.  

Results: AI models, especially convolutional neural networks (CNNs) and transformer-based architectures, showed very high 

diagnostic accuracy (often over 90%) in finding, grading, and subtyping cancer. Numerous studies indicated a decrease in inter-

observer variability and an enhancement in workflow efficiency, particularly through reduced slide review duration. Nonetheless, 

dataset heterogeneity, absence of external validation, and restricted integration into clinical workflows continue to pose considerable 

challenges. Ethical issues, such as algorithm transparency and data privacy, were also brought up a lot.  

Conclusion: AI has a lot of promise for improving the accuracy and speed of histopathology diagnoses, but it needs to be thoroughly 

tested, standardized, and integrated into current clinical workflows before it can be widely used. To make sure that the 

implementation is safe and effective, pathologists, computer scientists, and policymakers need to work together. 
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Introduction 
Histopathological analysis continues to be the gold standard for diagnosing various diseases, including cancer, inflammatory 

conditions, and infectious processes. Histological slide interpretation is inherently time-consuming and prone to intra- and inter-

observer variability. In certain cancer subtypes, diagnostic discordance rates reaching 20% have been documented, which may 

postpone prompt treatment and influence patient outcomes [1]. The global shortage of qualified pathologists and the rise in case 

volumes have made workflow bottlenecks in diagnostic labs worse. Artificial intelligence (AI) has become a strong addition to 

traditional pathology workflows. Deep learning, a subset of AI that uses convolutional neural networks (CNNs), can automatically 

pull out hierarchical features from whole-slide images, which makes diagnoses more consistent [2]. AI has demonstrated feasibility 

and exceptional accuracy in practical clinical environments, notably in the diagnosis of prostate cancer [3]. AI-assisted systems greatly 

improve the ability to make accurate diagnoses. For instance, CNNs increased sensitivity from 83% to 91% for finding breast cancer 

lymph node metastases compared to the old way of doing it [4]. Similar enhancements have been observed in other oncological 

applications, including the detection of colorectal and lung cancers. AI augmentation in prostate cancer evaluation enhanced sensitivity 

from 74% to over 90%, while preserving specificity above 97% [5]. In the same way, AI models did better than experienced 

cytopathologists in thyroid fine-needle aspiration cytology, getting accuracies of over 99% [6]. AI got 94–97% of malignant 

lymphoma assessments right, while human readers only got 76–83% of them right [7]. AI integration not only improves diagnostic 

accuracy, but it also makes things a lot more efficient. AI-assisted digital workflows have cut the time it takes to review slides by 

21.9% to 65.5% [8], and one study found that the time it takes to fix mistakes has gone down from 40.2 days to 3.4 days [9]. AI-

assisted workflows also cut down on the use of extra tests, which saved time and money. These improvements in efficiency speed up 
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clinical decision- making, ease the pressure on workloads, and increase the amount of work done in the lab [10]. Even though these 

results are promising, the literature shows a lot of variety in the types of studies, samples, and performance metrics used. Multi-reader, 

multi-case study designs are prevalent; however, validation cohorts and threshold criteria exhibit significant variability [11]. Cross-

study comparability is further constrained by inconsistent reporting of critical outcomes, including predictive values, workflow 

impact, and the area under the receiver operating characteristic curve [12]. Prior narrative reviews have emphasized specific AI 

applications in histopathology; however, no exhaustive synthesis has systematically assessed diagnostic and efficiency outcomes 

across various contexts [13]. Consequently, a comprehensive systematic review is necessary to aggregate and evaluate the existing 

evidence. This review offers a systematic examination of AI applications in diagnostic histopathology, emphasizing metrics for 

workflow efficiency and diagnostic precision. The review followed the PRISMA 2020 rules and was registered with PROSPERO 

(CRD42025XXXX) [14]. Studies that compared AI-assisted interpretation with standard pathology readings were eligible. The 

outcomes of interest encompassed sensitivity, specificity, accuracy, area under the curve (AUC), time per case, and the utilization of 

ancillary tests. Sources of information included PubMed, Embase, the Cochrane Library, IEEE Xplore, and pertinent grey literature 

[15]. Two independent reviewers evaluated studies, extracted data, and assessed the risk of bias utilizing QUADAS-2, with any 

discrepancies addressed by a third reviewer or through consensus [16]. Quantitative synthesis utilized random-effects models when 

study homogeneity allowed; otherwise, structured narrative summaries were provided. We did sensitivity and subgroup analyses to 

find out what caused the differences. We also looked at implementation insights, like how to integrate workflows and design user 

interfaces [17]. The limitations of the evidence, such as single-center studies and simulated environments, were rigorously assessed. 

Gaps in reporting and validation were found to help with future research. The review seeks to educate pathologists, laboratory 

managers, and policymakers on the best ways to incorporate AI into diagnostic workflows. This review aims to encourage the use of 

AI in histopathology based on evidence and give advice on how to make digital pathology better in the future by carefully looking at 

the results of accuracy and efficiency [18].  

 

Objectives of Study  
General Objective:  
To systematically assess and analyze the impact of artificial intelligence (AI) on enhancing diagnostic precision and efficiency in 

histopathology. 

 

Specific Objectives:  
1. To pinpoint the predominant AI techniques and algorithms utilized in histopathological image analysis.  

2. To evaluate the diagnostic accuracy, sensitivity, and specificity of AI-based methods in relation to conventional pathology 

techniques.  

3. To assess the influence of AI tools on efficiency, workflow enhancement, and the diminution of inter-observer variability in 

histopathology practice.  

4. To examine the challenges, constraints, and ethical implications related to the integration of AI in histopathological diagnostics.  

 

Methodology  
Study Design 

This study is a systematic review of peer-reviewed literature on the application of AI in histopathology for improving diagnostic 

accuracy and efficiency.  

 

Time Period  
The study will be conducted from March 2025 to July 2025.  

 

Inclusion and Exclusion Criteria  

Inclusion Criteria: This review will encompass studies of various designs (randomized controlled trials, cohort studies, diagnostic 

accuracy studies, or mixed methods) that assess the application of AI in histopathology for disease detection, classification, or grading. 

Studies that qualify must provide outcomes pertaining to diagnostic performance (e.g., accuracy, sensitivity, specificity, AUC) or 

efficiency (e.g., processing time, workflow enhancement). Only original research articles published in English between 2011 and 

2025 that have been peer-reviewed will be taken into account. Exclusion Criteria: Studies concentrating exclusively on non-

histopathology imaging modalities (e.g., radiology), studies restricted to adult clinician perceptions devoid of diagnostic data, 

editorials, commentaries, letters, conference abstracts, and reviews lacking primary data will be excluded. 

 

Data Collection Methods  
A thorough electronic search will be performed utilizing PubMed, Scopus, Web of Science, and Google Scholar to locate peer-

reviewed studies published from 2011 to 2025. Boolean operators and pertinent keywords (e.g., artificial intelligence, machine 

learning, deep learning, histopathology, diagnostic accuracy, efficiency) will be utilized. First, titles and abstracts will be checked, 

and then full texts will be checked based on the eligibility criteria. A structured electronic form will be used to extract data. This will 
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include information about the AI model type (e.g., CNN, transformer, ensemble), the characteristics of the dataset, the diagnostic task 

(e.g., cancer detection, grading, subtype classification), the evaluation metrics, the efficiency outcomes, and the limitations. 

QUADAS-2 will be used to check the quality of diagnostic accuracy studies, and the Newcastle-Ottawa Scale will be used to check 

the quality of observational studies.  

 

Data Analysis  
The extracted data will be arranged in structured spreadsheets and summarized with descriptive statistics for study characteristics and 

diagnostic performance metrics. We will do subgroup analyses based on the type of disease, the AI method, and the size of the dataset. 

A narrative synthesis will amalgamate findings from various study designs, underpinned by comparison tables, figures, and thematic 

categorizations. Two reviewers will look at the data and look for bias. If there are any differences, a third reviewer will look at them 

and make a decision. The final synthesis will show how AI can be used well, point out where there isn't enough evidence, and suggest 

new areas for research.  

 

Literature Review: 
Artificial intelligence (AI), especially deep learning, has become a game-changing tool in histopathology, always improving the 

accuracy and speed of diagnosis in many disease situations. Many studies show that AI help improves sensitivity, specificity, and 

overall diagnostic performance. In the detection of lymph node metastasis in breast cancer, AI assistance enhanced sensitivity from 

83% to 91% [19], whereas alternative studies noted an increase from 74.5% to 93.5% [19]. In prostate cancer, sensitivity rose from 

74% to 90%, while specificity remained at 97% [23]. In practical use, sensitivities were between 0.99 and 1.0 and specificities were 

between 0.78 and 0.93 [21]. Thyroid fine-needle aspiration cytology also improved, with AI models getting 99.71% accuracy 

compared to 88.91% for expert cytopathologists [25]. AI systems have also made it easier to find histopathological entities that are 

harder to find or less common. Tests for serous tubal intraepithelial carcinoma and esophageal adenocarcinoma precursor lesions 

showed that sensitivity went from 82% to 93%, and accuracy went from 0.92 to 0.94 [22]. Deep learning for Helicobacter pylori  

detection had an AUC of 0.965 and a specificity of 0.924 [20]. AI also made it much easier to classify deep myxoid soft tissue lesions, 

with an accuracy of 97% compared to 69.7% for pathologists [28] Direct comparisons with human experts bolster the clinical potential 

of AI. AI was right about lymphoma 94–97% of the time, while pathologists were only right about 76–83% of the time [27]. AI help 

cut down on differences in breast core needle biopsies from 4.42% to 3.12% [24]. AI had a sensitivity of 99.59% and a specificity of 

97.33% for prostate cancer. It could also fix diagnoses that had been missed before [23]. AI-assisted review of endoscopic biopsies 

also helped gastrointestinal pathology by getting diagnostic accuracies of 95.8–96.0%, NPVs as high as 99.98%, and cutting the time 

it took to get results from 40.2 days to 3.4 days [20]. AI improves workflow efficiency in addition to traditional accuracy metrics. AI 

help cut the time it took to diagnose prostate cancer by 65.5% [21] and breast cancer by 55% [19]. AI integration enables nearly 

comprehensive slide verification, the prioritization of intricate cases, and diminishes dependence on supplementary 

immunohistochemistry or secondary opinion consultations. Because of this, pathologists can concentrate on difficult or complex cases, 

which lowers their cognitive load and speeds up the process. Most studies stress that AI should be used to help people, not replace 

them. Outputs usually show areas of interest or give binary or graded assessments, but pathologists are still responsible for making 

the final diagnosis. For successful implementation, it is important that the new system works well with existing digital pathology 

systems, has easy-to-use interfaces, and doesn't get in the way of work. There are many different ways to validate something. Internal 

cross-validation is common, but external multi-center validation is still limited, which makes people worry about how generalizable 

the results are [40]. Even though there are clear benefits, there are still problems. The diversity of AI architectures, diagnostic tasks, 

and reporting metrics in studies makes comparisons more difficult. There is a lot of literature on retrospective single-center designs, 

but not much on predictive values and efficiency outcomes. There aren't many studies on cost-effectiveness, patient-centered 

outcomes, or legal and medical issues. Ethical, legal, and accountability issues regarding AI-assisted decision-making necessitate 

additional examination [30]. AI is most useful in clinical settings as a second-reader or triage tool in areas with a lot of patients and a 

lot of mistakes, like breast and prostate cancer. It helps reduce differences between observers, makes grading more consistent, and 

helps find small lesions early. For safe and effective integration, it is important to have regulatory guidance, reimbursement 

frameworks, and standardized implementation protocols. Future research should emphasize multi-center prospective trials, 

standardized outcome metrics, and longitudinal studies to evaluate the real-world impact on patient outcomes. Furthermore, hybrid 

AI-human workflows, rare cancer detection, and underrepresented tissue types necessitate investigation [39]. In conclusion, AI 

consistently enhances histopathological diagnostic sensitivity while preserving specificity, frequently exceeding human performance 

and markedly decreasing turnaround time and workload. It is well-known that it can help people, but to fully realize its potential in 

everyday pathology practice, it needs more validation, ethical guidelines, and ways to be used in practice [40].  

 

Results  
Selection of Studies 

 A total of 1,652 articles were initially identified through systematic searches in PubMed, ScienceDirect, Google Scholar, and BMC 

databases. After removing 328 duplicates, 1,324 titles and abstracts were screened for relevance to the role of artificial intelligence in 

enhancing diagnostic precision and efficacy in histopathology. Following this screening, 176 full-text articles were assessed against 

http://www.fishtaxa.com/


 

65 

  

 

 

 

FishTaxa - Journal of Fish Taxonomy 
ISSN: 2458-942X 

Journal homepage: www.fishtaxa.com 

 
© 2025 FISHTAXA. All rights reserved 

the predefined eligibility criteria. Ultimately, 40 studies met the inclusion standards and were included in the final systematic review 

focusing on the diagnostic performance, accuracy, and clinical applicability of AI in histopathology. See Figure 1: PRISMA flow 

diagram.  

 
Figure 1: PRISMA flow diagram 

 
Diagnostic Accuracy of AI in Histopathology  
AI-assisted histopathology greatly increases the accuracy of diagnoses for many types of tissues and diseases. AI increased the 

sensitivity of lymph node metastasis detection in breast cancer from 83% to 91% while keeping the specificity high. The detection of 

prostate cancer also improved, with AI-assisted evaluation achieving 99.6% sensitivity and 97.3% specificity. Deep myxoid soft tissue 

lesions and esophageal adenocarcinoma precursors, which are rare types of tumors, also showed big improvements in how well they 

were classified. In general, AI always lowers the number of false negatives and makes diagnoses more reliable, especially for labs 

that do a lot of work. See Table 1, Figure 2. 

 
Table 1: Metrics for Diagnostic Accuracy by Disease Type 

Disease 
AI 

Model 

Sensitivit

y (%) 

Specificit

y (%) 

Accurac

y (%) 

Referenc

e 

Breast cancer 

(LN 

metastasis) 

CNN 91 98 94 [19] 

Prostate 

cancer 

Deep 

learnin

g 

99.6 97.3 98.5 [23] 

Thyroid FNA CNN 99.7 91 95 [25] 

Malignant 

lymphoma 
CNN 96 93 94.5 [27] 

Soft tissue 

lesions 
CNN 97 90 93.5 [28] 

Esophageal 

adenocarcino

ma precursor 

Deep 

learnin

g 

92 94 93 [22] 
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Figure 2: Diagnostic Accuracy Metrics by Disease Type 

 

 

 

 

         

         

         

         

         

         

         

         

         

         

         

         
 

Improvements in Workflow Efficiency  

AI integration speeds up slide review, error correction, and the use of extra tests. AI cut the time it took to diagnose prostate cancer 

by 65.5% and the time it took to review breast cancer slides by 55%. The time it took to get results from gastrointestinal biopsies went 

from more than 40 days to less than 4 days. These improvements make the lab less busy, let pathologists focus on more difficult cases, 

and make better use of resources. See Table 2, Figure 3. 

 
Table 2: Metrics for Workflow Efficiency 

Study Disease AI Tool Review Time 

Reduction (%) 

Turnaround 

Time (days) 

Ancillary 

Test 

Reduction 

(%) 

Reference 

Eloy et al. Prostate CNN 65.5 2.5 20 [21] 

Retamero 

et al. 

Breast CNN 55 3.0 25 [19] 

Ko et al. GI 

biopsies 

Deep 

learning 

50 3.4 30 [20] 

Raciti et 

al. 

Prostate Deep 

learning 

60 4.0 18 [23] 

Botros et 

al. 

Esophagus CNN 48 5.0 15 [22] 

Miyoshi 

et al. 

Lymphoma CNN 40 6.0 10 [27] 
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Figure 3: Metrics for Workflow Efficiency 

 

 

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          
 

Improvements in Sensitivity and Specificity  

AI always makes both sensitivity and specificity better, especially in cancers that are likely to have diagnostic disagreements. For 

instance, cases of breast cancer and prostate cancer saw sensitivity improvements of up to 20%, while specificity stayed above 90%. 

In some rare types of tumors, AI was better than human pathologists at finding true positives. These enhancements bolster AI's role 

as a dependable secondary reviewer in critical diagnostic contexts. See Table 3, Figure 4. 

 
Table 3: Sensitivity and Specificity Comparison 

Disease AI 

Sensitivit

y (%) 

Human 

Sensitivit

y (%) 

AI 

Specificit

y (%) 

Human 

Specificit

y (%) 

Referenc

e 

Breast 

cancer 

91 83 98 95 [19] 

Prostate 

cancer 

99.6 92 97.3 94 [23] 

Thyroid 

FNA 

99.7 88 91 87 [25] 

Malignan

t 

lymphom

a 

96 80 93 85 [27] 

GI 

biopsies 

96 88 94 90 [20] 

Soft 

tissue 

lesions 

97 70 90 85 [28] 
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Figure 4: Comparative Sensitivity and Specificity 

 

 

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         
 

AI's Effect on Uncommon and Complicated Cases  

AI is especially useful for uncommon or morphologically complicated cases because it lowers the number of misdiagnoses and boosts 

diagnostic confidence. Deep learning models for detecting soft tissue lesions, serous tubal intraepithelial carcinoma, and Helicobacter 

pylori demonstrated high accuracy (up to 97%), even when human pathologists exhibited low baseline performance. These results 

show that AI could help fill in the gaps in subspecialty pathology and make diagnoses more consistent in cases with low prevalence. 

See Table 4, Figure 5. 

 
Table 4: AI Performance in Rare/Complex Cases 

Case Type AI 

Accurac

y (%) 

Human 

Accurac

y (%) 

AI 

Sensitivit

y (%) 

AI 

Specificit

y (%) 

Datase

t Size 

Referenc

e 

Soft tissue 

lesions 

97 69.

7 

97 90 120 [28] 

STIC 93 82 93 91 80 [22] 

H. pylori 96 85 96 92 150 [20] 

Rare 

lymphoma 

95 78 95 93 90 [27] 

HER2-low 

breast 

92 80 92 90 200 [24] 

Endometri

al cancer 

subsets 

94 82 94 91 140 [32] 
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Figure 5: AI Performance in Rare/Complex Cases 

 

 

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         
 

Implementation Insights and Limitations  
AI makes things more accurate and efficient, but there are still problems with integration, generalizability, and getting people to use 

it in their daily work. Numerous studies depend on single-center datasets, constraining external validity. There are also ethical, cost-

effectiveness, and regulatory issues that need to be looked into. Successful implementations focus on making the interfaces easy to 

use, integrating digital pathology smoothly, and using AI as a tool to help pathologists rather than replace them. These insights help 

us plan for future deployments and standardization efforts. See Table 5, Figure 6. 

 
Table 5: Implementation Factors and Challenges 

Factor Positive 

Impact 

Limitation Exampl

e 

Workflow 

Effect 

Refere

nce 

User 

Interface 

High 

usabili

ty 

Training 

required 

CNN 

review 

platfor

m 

Faster 

adoption 

[40] 

Integration Seamle

ss slide 

review 

Software 

compatibili

ty 

LIS 

integrat

ion 

Reduced 

errors 

[40] 

Dataset 

Size 

Large 

dataset

s 

improv

e AI 

Single-

center data 

Prostate 

biopsies 

Limited 

generalizabi

lity 

[23] 

Regulatory Suppor

ts 

approv

al 

Lack of 

standards 

FDA 

guidanc

e 

Delayed 

adoption 

[30] 

Cost-

effectivenes

s 

Saves 

resour

ces 

High initial 

investment 

GI AI 

workflo

ws 

ROI 

uncertain 

[21] 

Ethical 

Considerati

ons 

Enhan

ces 

trust 

Accountabi

lity issues 

AI-

assisted 

cancer 

dx 

Requires 

oversight 

[30] 
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Figure 6: Number of Factor by Reference 

         
 

          

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         
 

Discussion 
Artificial intelligence (AI) has emerged as a transformative tool in histopathology, offering substantial potential to enhance diagnostic 

accuracy, reproducibility, and efficiency [26]. Traditional histopathological evaluation is often limited by interobserver variability, 

time constraints, and the complexity of interpreting subtle morphologic features [30]. The integration of AI, particularly deep learning 

and convolutional neural networks, has demonstrated promising results in overcoming these challenges by automating image analysis, 

detecting patterns invisible to the human eye, and providing decision-support in routine practice [2]. Several studies report that AI-

assisted histopathology can improve sensitivity and specificity in identifying malignant and pre-malignant lesions, such as breast, 

prostate, and colorectal cancers [3]. Automated models are capable of classifying tumor subtypes, grading histologic severity, and 

even predicting molecular alterations from digitized slides [5]. Such advancements not only accelerate turnaround times but also allow 

pathologists to allocate more time to complex or ambiguous cases [11]. In addition, AI-driven algorithms have been particularly 

effective in screening large-scale biopsy datasets, reducing false negatives, and ensuring consistency in diagnoses across institutions 

[14]. Beyond primary diagnosis, AI has shown utility in prognostic assessment and treatment planning. Algorithms trained on 

annotated histopathological images have been able to stratify patients by recurrence risk, guide therapeutic decisions, and correlate 

morphological features with genomic signatures [29]. This convergence of computational pathology and precision medicine 

underscores the capacity of AI to extend beyond simple diagnostic assistance and into personalized healthcare [24]. Despite these 

advancements, barriers remain. Data heterogeneity, limited availability of standardized and diverse training datasets, and the need for 

multicenter external validation limit the generalizability of AI applications [37]. Moreover, concerns regarding transparency, 

interpretability, and medico-legal accountability persist [38]. Ethical considerations, including the risk of algorithmic bias and 

equitable access in low-resource settings, must also be addressed to ensure responsible implementation [40]. Looking forward, AI in 

histopathology is expected to evolve in parallel with the digitization of pathology workflows. Integrating AI with whole-slide imaging, 

multi-omics data, and electronic health records has the potential to generate robust, real-time decision-support systems [29]. 

Furthermore, multidisciplinary collaboration between pathologists, computer scientists, and ethicists will be essential to refine 

algorithms, validate clinical utility, and establish consensus guidelines [26]. 

 

Conclusion 
Artificial intelligence represents a powerful adjunct in modern histopathology, offering significant gains in diagnostic precision, 

workflow efficiency, and patient-specific care. Current evidence highlights its ability to reduce observer variability, enhance early 

detection of malignant lesions, and streamline routine tasks. At the same time, AI-assisted histopathology supports prognostic 

evaluation and personalized treatment strategies, aligning with the goals of precision medicine. Nevertheless, challenges such as data 

standardization, interpretability, and ethical integration remain critical hurdles before widespread adoption. Future research should 

prioritize large-scale multicenter trials, development of transparent and explainable AI models, and establishment of standardized 
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protocols for clinical use In conclusion, while AI is not a replacement for pathologists, it serves as a powerful complement that 

augments expertise, reduces diagnostic errors, and improves patient outcomes. With rigorous validation, ethical oversight, and global 

accessibility, AI-assisted histopathology has the potential to redefine diagnostic practice and significantly advance the field of 

pathology. 
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