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“Surely it is about the 
development and 
application of 
automated screening 
systems for 
cytopathology, especially 
gynaecologic cytology”

Dr Bernard Naylor, past president 
of American Society of Cytology 
and Papanicalou Award recipient 
in an address at 1999 Americal 
Society of Cytology Annual 
Meeting, when asked to make a 
prediction about the future of 
cytology

Artificial Intelligence and Cytopathology - A/Prof Elizabeth Salisbury



Outline

Tipping point of cytology
Digital pathology and AI
Applications of AI in cytology
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Cytopathology is facing an uncertain 
future
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Have we reached the tipping point for 
cytology?

Is the profession about to be hit with a 
landslide that once started, cannot be 
stopped?

This question has kept me awake at night for the past few 
years…



Cytology 
Tipping 
Points in 
the 20th 
Century

Pap smear
Gardasil vaccine
Changes to cervical screening programs 
and HPV testing

Breastscreening
U/S, CT Scanning and other radiological 
platforms
EUS Technology
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Workforce supply and demand

1980 1990 2000 2010 2020

Workforce Gynae Cytology NG Cytology

Are we reaching a 
point where we will 
have an 
unsustainable 
workforce of cytology 

Breast Screening HPV Vaccine

HPV screeningFNA 

Cervical screening

Molecular 
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What will be the 
clinical 

questions?

How much 
testing will 

each sample 
require?

What will be 
the best type 

of sample?

How do we 
future-proof 

the 
profession?

What will our future 
workforce look like?
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Histopathology is 
undergoing a 

revolution
Diagnostic (Surgical Pathology) 
grows more complex by the day. 

Sophisticated diagnoses and 
prognoses are driving “precision 
medicine” treatment decisions. 

Recent advances in artificial 
intelligence are driving rapid 
changes in all areas of medicine.

The pathologists of tomorrow will 
use AI algorithms in ways we 
haven’t yet imagined

Artificial intelligence and pathology: From principles to practice and future 
applications in histomorphology and molecular profiling  RSS  Download PDF
Albrecht Stenzinger et al. Seminars in Cancer Biology, 2022-09-01, Volume 
84, Pages 129-143,
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All innovations have their 
critics and 
detractors……

……..AI is no different
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Pathologist of the 
future on Zoom MDT 
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The revolution in AP

FRIEND

OR

FOE?

THREAT

OR

OPPORTUNITY?

EMBRACE OR REJECT?
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Technological advances 
are not occurring in a 
vacuum

• There are significant global work force 
issues that will inevitably change the way 
we practice pathology

• Under-resourced, image based specialities 
are ripe for automation

https://clpmag.com/diagnostic-technologies/digital-pathology/digital-pathology-gives-
rise-computational-pathology/



The 
technologies 
driving the 
“revolution” 

DIGITAL PATHOLOGY
Digital pathology has been 
around for decades
Whole slide imaging (WSI) 
became available in 1990s
Data storage and handling have 
made DigPath more applicable 
to day to day work
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The 
technologies 
driving the 
“revolution” 

DIGITAL PATHOLOGY
Whole slide imaging (WSI)
Better specimen tracking
Reduced breakage of slides
Remote consultation and reporting 
with real time transmission
Cost saving: Couriers, control 
slides, efficiencies
Facilitates central processing with 
pathologists working remote to 
processing
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The 
technologies 
driving the 
“revolution” 

COMPUTATIONAL PATHOLOGY & 
IMAGE ANALYSIS
Can greatly assist with 
“quantitative” histopathology
Automation : pre-screening for Ca
Augmentation and Precision
Numerical scoring – e.g. Ki67, PD-
L1
Margin measurement
Analysis of IHC, ISH, detection of 
organisms, IF
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The 
technologies 
driving the 
“revolution” 

COMPUTATIONAL PATHOLOGY & 
IMAGE ANALYSIS
Prediction: Extraction of clinically 
relevant quantitative histology 
information
Apply “mathematical oncology” 
and deep-learning approaches to 
predict likelihood of metastases, 
disease progression etc. 
Linkage and AI analysis of 
pathology data with imaging, 
genetics, pharmacogenetics, 
clinical information etc 
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The 
technologies 
driving the 
“revolution” 

COMPUTER ASSISTED 
DIAGNOSIS/AI
Algorithms for diagnosis, grading, 
detection of rare events in cancer
Automated ordering of IHC for 
specific applications
Automated scoring of features 
outside oncology : liver fibrosis, 
steatosis, iron. Assessment of renal 
biopsies. Diagnosis of rejection. 
Exclusion of benign or normal 
tissue sections
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Extensive focus has been put 
on AI for histopathology. 
Why is cytopathology not as far advanced?
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History of digital platforms and cytology
Relatively long history of adapting digital/image analysis technology to cytology

Gynaecological cytology was one of the first areas of pathology to use digital image 
analysis in a clinical setting

Early systems were used as QA/QC tool, pre-screening tool and to assist with workflow 
for cytologists and cytopathologists

Identification and curation of “regions of interest” presented for human interpretation

Early systems had FDA approval but reduction of gynae cytology as a screening tool 
has limited their development and usefulness
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What is the current state of play?

• Concerns that cytology was excluded from 
validation of digital pathology for primary 
diagnosis in 2021 CAP guidelines

• Examined role of digital cytology in the era of 
remote pathology 

•  Current focus is largely on gynae cytology – 
LBC suitable for scanning, large number of 
archival samples, reported with standard 
Bethesda system

• The emerging need will be for non-gynae 
cytology BUT significant challenges due to 
institutional practice variations and diversity of 
specimen types

Journal of the American Society of Cytopathology 

2024:13(2); p86-110.
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Challenges to adopting digital cytology and 
AI
Lack of uniformity in preparations – 3D, fixation, smearing. 

Manual smears are particularly problematic – spread, thickness and coverage of slide 
can vary greatly

Air drying with flattening of cells can exaggerate morphological features making 
training of machine learning difficult

Large surface area of slide and variable thickness produce very large digital files

Standardisation within and across cytology labs much more difficult to achieve

Some deep learning takes >10k cases – may be difficult to obtain enough cases of 
suitable consistency to train with some types of cytology cases
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New applications
Application of AI to LBC preparations – gynae and non-gynae (urine, effusions)

Assessment of cell blocks and IHC – particularly assessment of predictive markers 
such as ER, PR, Her 2, PD-L1. Histo nature of CB better suited to digital image 
analysis and AI

Multidisciplinary AI (combining ultrasound, FNA and molecular for Dx of thyroid 
nodules)

Use of AI for ROSE

Predictive capabilities of AI – able to “see” and make inferences beyond the human 
eye (eg AI on lung cancer H&E sections able to predict mutation status and prognosis) 
– this may remove need for histological confirmation
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AI and Urine cytology

• 2018 – 2022, 2641 patients retrospectively 
recruited to training cohort and 2335 validation 
cohorts. 400 patients in prospective validation 
cohort

• Lack of histopathology – exclusion

• Studied primary diagnosis and recurrent 
malignancy

• Sensitivity of over 0.84 for detecting 
malignancy. 

• In recurrence scenario, negative predictive 
value of 96.4% - reduction in endoscopy of 
57.5%The Lancet Vol 71 May 2024
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AI and ROSE

Provision of beside ROSE is emerging as a 
significant challenge to delivering cytology 
services. 

Increased demand for ROSE in oncology 
settings

Initial studies into use of Telecytology as a 
way of delivering ROSE remotely

But still relies on adequately trained staff 
to provide rapid, real time interpretation 
and results
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Journal of American Society of Cytology 
(2024) 13, 111-121



Telecytology and 
ROSE

Recommendations address:

1. Equipment, platforms and IT 
requirements

2. Robotic microscope Vs WSI

3. Security and identification measures to 
ensure privacy and correct pt ID

4. Adequately trained staff at bedside 
and remotely

5. Validation – range and number of 
cases (CAP recommends >60 cases 
for each application)

6. Concordance rate should be ideally 
>90%

7. Ongoing QA processes
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Journal of American Society of Cytology 
(2024) 13, 111-121



AI and ROSE

• ROSE-AI model developed and tested 
to replace manual ROSE

• Studied Pancreas and Coeliac Plexus 
EUS FNA

• 467 digitilised images of Diff-Quik 
stained EUS –FNA slides divided into 
training and  internal validation 
datasets

• Then 693 image external dataset

• Assessed performance of AI model to 
detect cancer cells

• Accuracy of 83.4% internal validation 
dataset and 88.7% in external dataset

• Sensitivity and PPV 79.1% and 71.7% 
(Int) and 78% and 60.7% (Ext)

Artificial Intelligence and Cytopathology - A/Prof Elizabeth Salisbury

Journal of Gastroenterology and Hepatology 38 (2023) 883 
- 887

Will this bring digital cytology and 
AI to the bedside and deliver 
“POCT” testing for cancer?



AI and intraoperative 
smears/squash preps

• 205 images from squash or smear 
preparations with histological 
correlations

• 4 major groups to train deep neural 
network : 1) High grade gliomas; 2) Low 
grade gliomas; 3) metastatic 
carcinomas; 4)non-neoplastic brain 
tissue samples

• 95% and 97% diagnostic accuracy in 
patch level classification and patient 
level classification tasks

• May facilitate intraoperative diagnosis 
and classification when expert 
neuropathologist not available
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Cytopathology 2023; 34:113-119



The future roles of Scientists 
and Technologists
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Global challenges in 
maintaining cytology 

workforce
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It’s not just 
Australia: 
Protecting 
and 
promoting 
the 
profession

“What skills will be needed to support the 
practice of cytopathology in the future and what 
kinds of professionals will be best suited to 
address these needs?”
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UK – 2012 Pilot scheme for Advanced 
scientists to report independently alongside 
medical consultants. 

Formal training program – GIT, Gynae, Skin : 
High volume, low complexity work

Examinations and competency assessments

Work closely with pathologists in subspecialty 
teams

The application of AI by suitably trained 
clinical scientists can greatly streamline 
case triaging, fast track measurements and 
pre-screening/workup. 

Clinical scientists may play an important role 
in the quantitative aspects of histopathology

Computational pathology by clinical 
scientists will be crucial for managing quality 
measures with increasing automation and 
integration of AI
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Areas of 
increased 
scientific 
oversight 
and input

Standardisation of pre-analytical processes 
(incl staining and cutting etc)
Interpretation of computationally derived 
measurements and evaluations
Validation and QA/QC 
Operation of digital scanners and QA/QC of 
digitalised images
Digital device calibration
Quantification of certain tests – IHC, FISH, 
Scoring
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“Today there are slightly more than 
102,000 pathologists spread over 
130+ countries worldwide. There are 
big disparities between regions. 2/3 
of the pathologist workforce is 
located in just 10 countries.”

Poster showing the global supply of 
pathologists presented by Andrey Bychkov 
MD, PhD, at the 2022 annual meeting of 
United States and Canadian Academy of 
Pathology (USCAP)

USA: 21,000+ pathologists (65/million)
India: 20,000+ pathologists (14/million)
China: 11,000 pathologists (8/million)
UK: 3,900 pathologists (57/million)
Brazil: 3,500 pathologists (16/million)
Russia: 3,300 pathologists (23/million)
Japan: 2,600+ pathologists (21/million)
Iran: 2,500 pathologists (29/million)
Turkey 2,000+ pathologists (24/million)
Australia 1,900+ pathologists 
(77/million)
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What will be the 
clinical 

questions?

How much 
testing will 

each sample 
require?

What will be 
the best type 

of sample?

How do we 
future-proof 

the 
profession?

What will our future 
workforce look like?

Will AI be 
the great 
disrupter?

2024…..
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How will AI 
change 

cytopathology?
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Friend or foe?



How will AI 
change 

cytopathology?
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Friend or foe?

Frenemy?

Something to cautiously embrace, with a clear understanding of 
the strengths and limitations of the technology



Thank you
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