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ABSTRACT
The measures to control the COVID-19 outbreak will 
likely remain a feature of our working lives until a 
suitable vaccine or treatment is found. The pandemic has 
had a substantial impact on clinical services, including 
cancer pathways. Pathologists are working remotely in 
many circumstances to protect themselves, colleagues, 
family members and the delivery of clinical services. 
The effects of COVID-19 on research and clinical trials 
have also been significant with changes to protocols, 
suspensions of studies and redeployment of resources to 
COVID-19. In this article, we explore the specific impact 
of COVID-19 on clinical and academic pathology and 
explore how digital pathology and artificial intelligence 
can play a key role to safeguarding clinical services and 
pathology- based research in the current climate and in 
the future.

CELLULAR PATHOLOGY SERVICES IN THE 
CLINICAL AND ACADEMIC SETTING BEFORE THE 
COVID-19 PANDEMIC
Pathology is a vital part of cancer and other diag-
nostic pathways, being a core component in 70% 
of clinical interventions.1 Prior to the COVID-19 
pandemic, cellular pathology (histopathology) 
capacity was not keeping pace with year- on- year 
increases in demand. The 2016 Cancer Research UK 
(CRUK) report ‘Testing Times to Come’ highlights 
increasing demand due to increasing cancer inci-
dence, an ageing population and efforts to improve 
outcomes. Capacity has been further compounded 
by factors such as a preponderance of near retire-
ment age pathologists.2 The CRUK report also 
describes the impact on pathology research with 
pathologists deprioritising this to focus on clinical 
work. The deprioritisation of research may become 
more acute as we see a resumption of clinical diag-
nostic and therapeutic services as the number of 
COVID-19 cases declines, with the subsequent 
increase in demand within our diagnostic laborato-
ries. Digital pathology (DP) is seen as a key tool to 
enable more efficient use of the current workforce 
and digital enabled care is a core component of the 
National Health Service (NHS) long- term plan.3 
In addition, the UK Government’s Industrial Life 
Sciences Strategy highlighted pathology as being 

ripe for innovation by the use of DP and artificial 
intelligence (AI).4

The PathLAKE consortium is one of the UK 
government’s 5 AI centres of excellence established 
in 2018 and funded by UK Research and Innova-
tion (UKRI). PathLAKE features university and 
NHS partners from Coventry, Warwick, Belfast, 
Nottingham and Oxford. The aims include the 
creation of fully digital cellular pathology laborato-
ries, the creation of an ethically approved datalake 
of anonymous scanned slide images and devel-
opment of AI algorithms. The NHS laboratories 
have all now implemented DP technology as part 
of the programme, for example, with Oxford now 
scanning all slides generated in the diagnostic lab. 
The platforms have provided real time solutions 
to issues faced over the COVID-19 pandemic5 and 
will continue to do so with social distancing and 
other measures to contain the virus likely to be with 
us for some time.

COVID-19 AND CLINICAL AND ACADEMIC 
CELLULAR PATHOLOGY
In March 2020, WHO characterised COVID-19 as 
a pandemic. Clinical services have seen significant 
alterations during this outbreak due to the novel 
severe acute respiratory syndrome- coronavirus 
(SARS- CoV-2) virus, and there have been logis-
tical issues to consider in order to maintain cellular 
pathology services. Cancer pathways have been 
partly suspended or altered to reflect new risk–
benefit profiles when determining how to treat and 
who to treat (and when). Medical and surgical soci-
eties, national and international authorities have 
issued revised guidelines on cancer care and the 
UK was one of several countries to suspend elective 
surgery during the worst parts of the crisis.6 This, 
together with the temporary cessation of national 
screening programmes has affected the volume and 
types of samples entering cellular pathology labo-
ratories with direct consequences for research and 
training. Research programmes and clinical trials 
were paused or limited to only the most essential—
in many institutions either those that are COVID-19 
related or that would directly affect clinical care. As 
many institutions seek to reinstate some activity and 
on- site working, the challenges around maintaining 
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social distancing in laboratories are significant. Levels of future 
funding for research due to reduced charitable income are also 
now in doubt.

Alongside the logistical issues with maintaining cellular 
pathology services during the pandemic, when a ‘new normal’ 
service begins, patterns of patient presentation, clinical prioriti-
sation and volumes of work are likely to have changed. Model-
ling for cancer surgery delays and disruption for up to 2 years 
due to COVID-19 have, for example, predicted that a 6- month 
delay to cancer surgery across the population of the UK would 
result in 10 760 attributable deaths.7 As cancer pathways start 
to reopen, it is anticipated that those who did not seek help due 
to fears of burdening health services or catching this novel coro-
navirus in hospitals will present at a more advanced stage than 
they may have otherwise.8 A strategic push for early diagnosis 
in cancer will almost inevitably have been hampered by these 
factors.

In this article, we present the argument for DP and AI playing 
a key role in resilience for both academic pathology and diag-
nostic pathology services and that these should form an essential 
component of future planning. The article does not seek to cover 
cytology or postmortem practice, which have their own separate 
considerations. The issues are discussed in the context of the UK, 
but many will be applicable worldwide.

DIGITAL PATHOLOGY AND ROUTINE PATHOLOGY SERVICES
For diagnostic purposes, the term ‘DP’ relates to the viewing 
on a computer workstation of digital whole slide images taken 
from high resolution scans of glass slides.9 Referred to as ‘the 
third pending revolution in pathology’,10 the benefits of DP 
as a potential solution to long- term workforce issues and the 
quality benefits are well described.9 11 DP represents an attrac-
tive option to increase resilience within often small and highly 
specialised teams, as well as departments, pathology networks 
and across the NHS. It can enable pathologists who are shielding 
or in self- isolation to continue to participate remotely in diag-
nostic services. In our practice, we have seen real- time solutions 
to workforce issues due to COVID-19.5 For example, digital 
double reporting and reducing transmission risk to remaining 
pathologists when several team members are in isolation. Pathol-
ogists who were previously reluctant to transition to DP are now 
supportive of fast adoption of the technology and in many cases, 
are the ones championing their way through the process. Within 
a wider context, several External Quality Assurance schemes are 
moving to full digitisation and removing glass slide circulations.

DP with entirely digital workflows including scanned request 
forms enables secure efficient remote working solutions, 
avoiding the need to transport glass slides and the inherent logis-
tical problems and data governance risk this poses. Digital has 
health and safety benefits, with no physical movement of slides, 
avoiding potential for damage or (within this current crisis) 
infection transmission.

Reported time efficiency savings with DP12 13 will be 
important if labs are to cope with an anticipated backlog of cases 
due to deferment of surgery during this crisis period. Although 
the potential efficiencies are only likely to be realised with full 
digital deployments, smaller deployments of technology can 
provide solutions to specific problems to enable service conti-
nuity or may work for particular teams within a department 
without digitisation of the entire department. DP opens the 
door to other ways of reorganising work such as outsourcing 
cases to well- staffed departments and facilitating access to expert 
opinion, with some of these expert pathologists reporting from 

home. Frozen section diagnosis is another specific solution that 
can be provided by DP remotely. Seemingly overnight, health-
care institutions have rapidly adapted to this crisis, bringing in 
technologies such as video conferencing to allow team meetings 
and multidisciplinary team (MDT) or tumour board meetings. 
And thus, while the advice remains to work at home if at all 
possible, it would seem that there is little that the surgical pathol-
ogist would need to attend the hospital for, beyond cut up—and 
this can in many circumstances be undertaken by biomedical 
scientists.

With digitisation, the ability to run AI tools that can support 
pathologists by pre- screening, expediting workflow or providing 
a double check of the case is starting to become a reality.14 There 
are several AI tools on the ‘roadmap’ to full diagnostic use and 
some have regulatory clearance for such use, for example, in 
prostate cancer detection.15 With further evidence, AI could 
provide double reporting such as has been outlined as a possibility 
in mammography screening,16 providing resilience to services 
when pathologists are not available, and creating further effi-
ciency gains. Collation of evidence to support and validate such 
tools does however require a digital workflow, and pathologists 
with time and facility to support such validation processes and 
integration of such tools into the routine pathology workflow.

Professional bodies play a key role in revisiting guidance and 
issuing urgent situation specific guidance. The Royal College of 
Pathologists issued ‘Guidance for remote reporting of DP slides 
during periods of exceptional service pressure’ in March 2020.17 
This has described a risk mitigation approach to support tempo-
rary remote reporting with DP in this time of clinical and service 
necessity. The risk mitigation approach describes that primary 
diagnosis, double reporting, MDT review or quick review to 
determine if additional tests are needed each entail a different 
level of risk. And this needs to be considered alongside pathol-
ogist confidence and whether they been through formal DP 
validation. The College of American Pathologists have issued 
remote sign out guidance, including the use of digital platforms 
and concluded that remote working would ensure pathologist’s 
professional interpretations and diagnoses would continue 
during the crisis. Denying remote access to expert pathologists 
to provide the most accurate diagnoses would have potentially 
serious repercussions long after the current crisis.18

DIGITAL PATHOLOGY AND RESEARCH
Many of the described advantages around flexibility and resil-
ience in DP also apply to research and clinical trials.19 Restric-
tions to the research environment have been experienced 
during the COVID-19 pandemic. Standard of care guidelines 
have changed, limiting availability of samples and sample types 
for research. This affects not just cancer research, but any 
type of research where patients or samples are needed. Trans-
plantation research, for example, may be disrupted by travel 
restrictions.6 The previous push for formalin free theatres to 
increase the availability of fresh samples for DNA/RNA/whole 
genome sequencing is now extremely challenging in view of 
the potential infection risk associated with the collection and 
processing of fresh tissue. While to date there are no reports of 
laboratory- acquired infection with SARS- CoV-2, this has been 
previously reported with SARS- CoV, although only in those labs 
in which the virus is propagated.20 Several guidance documents 
are now available addressing the handling of fresh or unfixed 
histopathological specimens using a risk- based approach to 
samples, including that which been published by Public Health 
England.20
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Researchers who would normally use fresh or fresh frozen mate-
rial may therefore have to defer to using formalin- fixed paraffin- 
embedded material where virus is thought to be inactivated and 
fixation may need to be prolonged, further damaging DNA. This 
may be less optimal, for example, in whole genome sequencing 
where high quality nuclear acids are required. Biobanking has 
looked quite different during the COVID-19 pandemic in some 
instances,21 for example face- to- face consenting, the previous 
norm, often replaced with remote consent procedures such as 
over the telephone with virtual signature.

Several research articles covering the interplay between cancer 
and COVID-19 have been published, many from China and Italy, 
and they focus mainly on four areas: the effect of cancer therapy 
in COVID-19, epidemiological/clinical/radiological/patholog-
ical features, outcomes of patients with cancer with COVID-19 
and strategies for risk reduction and management.22 According 
to an analysis of 355 Italian patients, 20% of those who died 
from COVID-19 had active cancer.23 However overall, further 
evidence for the effect of COVID-19 on patients with cancer are 
needed.24 Pathologists are key here in helping to describe the 
changes in this essentially new disease and DP enables cases to 
be shared with the leading experts in the field.25–27 The World-
wide DP Alliance has established a global resource of post-
mortem whole slide images aimed at supporting understanding 
of the pathology of this new disease and accelerating access to 
samples for research.28 There are also new online image reposi-
tories being established by the National Institutes of Health and 
RCPath.29 30

As cohorts build, existing expertise in AI can be repurposed to 
search for novel features. As these resources grow to the cohort 
sizes usually associated with AI, they will become extremely 
valuable. Setting these resources up and ensuring the appro-
priate governance and data sharing arrangements are in place 
may pave the way for future joined up working and the potential 
reduction in ‘wastage’ of research resources. Given the impact 
that post- mortem research had in the previous SARS Co- V 
pandemic31 this concept of DP/AI facilitating the use of mate-
rial for research purposes is important and may go some way to 
addressing the current concerns of autopsies not playing a vital 
role in COVID-19 research.32

AI lends itself well to interpretation of immuno- oncology 
sections stained for multiple immune markers either on serial 
sections or by multiplex technology, establishing novel insights 
into cell subpopulation densities and topographical relationships 
between cells and other structures. This kind of expertise can be 
quickly repurposed to support similar studies of immune popu-
lations in COVID-19.33 34 Another example of the redeployment 
of AI expertise is the use of machine learning to improve the effi-
ciency of COVID-19 testing, ensuring optimal use of resources.35

We have seen the disruptive effect of the COVID-19 pandemic 
on clinical trials, with immediate and delayed consequences. 
Clinical trial staff have in many cases been redeployed to other 
clinical areas and many clinical trials have been suspended to 
recruitment with trials into COVID-19 being prioritised. There 
has been disruption to almost every aspect of trial process, which 
may require protocol deviations. Examples include, the inability 
to conduct participant protocol- mandated visits, staff training, 
site monitoring visits and interruptions to supply chains of 
drugs. These interruptions may result in overall delays to trial 
delivery and drug development and COVID-19 deaths may 
potentially disrupt the endpoints of trials. Urgent guidance has 
been issued by the US Food and Drug Administration and the 
European Medicines Agency on clinical trial conduct during the 
pandemic.36 37

Clinical trials may be more heavily affected by COVID-19 
in particular settings, for example in some areas of oncology 
practice. In haematology oncology, patients are often immuno-
suppressed due to illness or treatment or both and are highly 
susceptible to severe complications if infected with COVID-
1938 leading to a serious and disruptive effect on haematology 
oncology trials.24 Patients with lung cancer represent another 
highly vulnerable group as other pre- existing pulmonary diseases 
such as chronic obstructive pulmonary disease, cardiovascular 
disease and old age contribute to the effects of the virus.38 The 
effects on immunotherapy trials and the complex potential inter-
play between such agents and COVID-19 is currently the subject 
of debate.39

As pathologists, we deliver and support clinical trials, and 
quality assurance of the pathology input is key to assessing base-
line tests and endpoints. Quality is determined by setting up study 
specific pathology working groups, training and standardisation 
events and double/central reporting of parameters.40 All of these 
are now logistically challenging, but this is where DP provides 
a timely opportunity to enable these to continue remotely and 
may accelerate the move towards this model of working in the 
future.41 Other vital clinical trial activities such as block selection 
can be easily done remotely by DP. Trial monitoring by regula-
tors could also still be enabled although data sharing restrictions 
may apply. We should expedite opportunities to use AI to assess 
trial endpoints. AI makes better use of pathologists’ time and 
standardises assessments, such as scoring or grading that might 
traditionally have been undertaken by pathologists with inherent 
problems of human observer subjectivity.

The availability of tissue samples on which to assess exploratory 
trial endpoints may be reduced by optional study- specific biop-
sies not being undertaken. Logistical challenges around different 
geographic locations, for example, the use of COVID-19 free 
cancer hubs or clinical trial sites being unavailable may mean 
that alternative laboratories may be analysing samples. If this 
occurs, DP presents an opportunity to move images around to 
the relevant trial pathologists with the necessary expertise or to 
enable AI interpretation. This ensures standardisation of base-
line tests such as biomarker test for entry, or interpretation of 
primary or secondary endpoints.

DIGITAL PATHOLOGY AND EDUCATION
Another important application of DP that can be exploited at 
this time is in the maintenance of education and training. With 
consultant histopathologists encouraged to work remotely, it 
is easy to imagine that those in training may consequently find 
it more challenging to review clinical cases with a consultant, 
potentially impacting on training opportunities. The importance 
of this has been noted by other recent authors42 who identify DP 
as a means of access to clinical cases for continued training of 
pathologists during this period. Indeed, this is the case within our 
own practice whereby face- to- face contact with our trainees has 
significantly reduced outside of the cut- up room. We have found 
that DP is of benefit in this setting, with trainees able to access 
digitally and discuss cases remotely with supervisors, either live 
through screen sharing on a secure videoconferencing facility, 
on the telephone, or through email exchange, with trainees and 
consultants annotating or manipulating digital slides live. One 
suspects that contrary to expectations of this having a negative 
impact on learning, that being able to focus very specifically 
on certain annotated details may actually improve the educa-
tional value of reviewing cases. Dedicated teaching sessions 
have been undertaken by our teams through the use of secure 
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videoconferencing facilities, opening the opportunity to teach 
across departments, and to reach out to those unable to attend 
the workplace. While these measures show great potential, we 
must be mindful of the potential impact on training that working 
remotely may have and as trainers we need to consider ways to 
fully include trainees in our daily working patterns.

CHALLENGES
While the benefits of DP are apparent, the challenges are not 
insignificant. In addition to logistical challenges of setting up 
digital pathology services within the diagnostic laboratory, there 
are challenges further down the line with the development and 
exploitation of ancillary tools such as AI. These include the 
regulatory path to use of AI, public perception of data sharing, 
and the many technological challenges, including lack of a stan-
dard image format. We must learn lessons from other healthcare 
settings, build trust in these new technologies and encourage 
routine adoption. For example, video consultations have been 
adopted by hospital doctors and general practitioners to reduce 
face- to- face interactions,43 but several factors have had to be 
considered in order to scale this technology such as improved 
dependability and reasonable cost.43 Reported issues which 
delay uptake in this setting include inappropriate platforms with 
potential for data breaches and lack of bandwidth. It must be 
clear that change cannot be achieved by simply deploying tech-
nology. We are introducing and sustaining major changes to a 
complex system, which we need to acknowledge is often diffi-
cult, can be resource intensive and needs to be championed by 
respected opinion leaders.43

We should also share experience with our colleagues working 
with other applications of AI in medical sciences, for example, 
the imaging community who have been working with AI longer 
than those in the pathology community. AI has, for example, 
been used in radiology in order to diagnose chest X- ray images as 
COVID-19 with an overall accuracy of 89.6% when compared 
with normal or pneumonia (bacterial or viral)44 and quantify 
opacification on lung CT in order to determine clinical severity 
of COVID-19.45

CONCLUSION
We have described the great potential of digital technologies 
in pathology, and how DP can provide immediate solutions to 
service delivery, research, clinical trial and training issues in a 
pandemic crisis. With no instant exit from the current measures 
that are in place to reduce transmission of COVID-19, DP is 
likely to continue to prove its worth in providing the neces-
sary flexibility and resilience for cellular pathology. Pathology 
networks and academic departments should be encouraged to 
evaluate where the technology fits into their contingency plans. 
Although adoption of such technology was already being encour-
aged, COVID-19 has fortuitously pushed DP into the spotlight. 
Moreover, we can learn from the implementation of DP in 
these settings during this acute crisis, to allow us to identify and 
champion its value, and to recognise any potential pitfalls, and 
with the necessary ‘hoops’ to implementation in these settings 
already resolved. The COVID-19 crisis has actually given us 
an opportunity to take advantage of providing, as with other 
aspects of healthcare, a catalyst to reorganise dated working 
practices within pathology, embracing the advantages technolog-
ical advancements provide to deliver safer and more efficient 
services. However, let us not forget that the vast majority of 
cellular departments in the UK have limited or no access to this 
technology for diagnostic purposes.46 Now is the time to realise 

the potential of DP and for us to call for more investment in 
this technology. This should not only be investment in intrade-
partmental infrastructure but technological and infrastructural 
support for pathologists at home.

Take home messages

 ► The measures to control the COVID-19 outbreak will likely 
remain a feature of our working lives until a suitable vaccine 
or treatment is found.

 ► Digital pathology (DP) is seen as a key tool to enable more 
efficient use of the current workforce and digital enabled care 
is a core component of the National Health Service (NHS) 
long term plan.

 ► Digital pathology and artificial intelligence can play a key 
role to safeguarding clinical services, training and pathology- 
based research in the current climate and in the future.

Handling editor Runjan Chetty.
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