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Recent advances in immunotherapy, such as the 
use of checkpoint inhibitors, are transforming the 
treatment of many cancers. Yet, not all patients 
respond sufficiently; indeed, some experience 
an accelerated rate of tumor growth.1 Clinicians 
thus need to be able to select and stratify patients 
according to their likely response. 

Efforts are underway to identify and validate biomarkers capable of 
selecting the most suitable patients for these therapies; some predictive 
tissue biomarkers/companion diagnostics have been approved by 
regulators in recent years.2 Detecting the presence of those biomarkers in 
tissue by analyzing tissue samples and recognizing patterns within them, 
however, is a time-consuming task for pathologists and often results in 
less-than-optimal reproducibility.3

Significantly, a potential game-changing technology is on the horizon. 
Emerging digital diagnostic pathology platforms that rely on algorithms 
developed through deep neural networks have the potential to support 
pathologists, improving the efficiency, reproducibility, accuracy and 
precision of their work. While no such diagnostic pathology platforms 
that rely on Artificial Intelligence (AI) are nearing market registration as 
of yet, the technology is evolving rapidly and the day will come when it 
is used routinely in precision medicine. The first application will be in 
stratifying patients for checkpoint inhibitor therapy, but it is clear that 
these platforms will, in time, have value in any therapeutic area that uses 
immunohistochemistry (IHC) to determine the expression of a biomarker  
in tissue.

The process of “teaching” the algorithms and then validating their 
performance is an involved one for technology developers. Indeed, it 
requires both retrospective and prospective research studies with all the 
associated regulatory and operational challenges.

Here, we outline the development pathway for AI-based diagnostic 
pathology platforms and highlight the challenges that their Sponsors 
(software developers and companies specializing in medical AI) must be 
prepared to address in bringing them to market. This insight will also be  
of value to biotechnology and pharmaceutical drug Sponsors who 
eventually will be relying on computational pathology in their own  
trials and potentially as supportive of their marketed therapy, similar  
to companion diagnostics. 



4

THE FUTURE OF IMMUNOTHERAPY: USING MACHINE LEARNING IN BIOMARKER DEVELOPMENT TO ADVANCE PATIENT TREATMENT AND MANAGEMENT

Innovations in Image Analysis 

Over the past decade, digital pathology or “virtual microscopy” has emerged as an exciting innovation in the field 
of pathology, providing a flexible platform using an image-based environment for managing and interpreting 
information generated from a digitized glass slide. This digitized information is now being harnessed to develop 
novel digital tissue biomarkers with high predictive and prognostic value via cutting-edge, deep-learning 
technology. This data-driven technology represents a rapidly growing area of precision medicine that will 
potentially advance and guide patient treatment. 

Diagnostic Digital Pathology  
(Whole-Slide Imaging)

Traditionally, diagnostic pathology relied almost 
entirely on specimens mounted on glass slides. 
As such, the initial diagnosis was often delayed 
while the processed tissue or glass slide(s) was 
physically delivered to the anatomical pathologist. 
Digital pathology allows a whole-slide image 
(WSI) to be captured from the glass slide using 
a highly sophisticated dedicated scanner at 
various magnifications, presenting a multi-layered 
image for the pathologist to view on screen at a 
remote location (versus through a microscope). 
Images can be recorded in both brightfield 
and fluorescent conditions while maintaining 
magnification levels comparable to those achieved 
by the microscope (up to 100X).4  

AI-Based Diagnostic  
Pathology Platforms 

Deep learning researchers (clinical data scientists) 
are working to apply advances in AI and machine 
learning (ML) to develop dynamic algorithms 
capable of image analysis. They are combining 
the wealth of information contained in digitized 
tissue samples with key biomarkers that have 
established prognostic and predictive value to 
train these algorithms. The goal of this technology 
is to improve histomorphological evaluation 
by developing a capacity for novel predictive 
discovery through long-term interrelation 
analysis. Ultimately, this will allow specific 
treatments to be tailored for individual patients.

Correlating Digital Image Analyses to Patient Outcomes 

Well-trained diagnostic algorithms can detect, segment and classify tissue features to aid histopathologists  
in cancer detection, diagnosis and prognosis. The technology is being developed to: 

•    Improve diagnostic accuracy: AI-based pathology systems can recognize tissue features that are 
indiscernible to the human eye even with the aid of magnification, supporting efficient and objective 
diagnosis of disease. 

•    Stratify and select patients for targeted therapy: The goal is to be able to personalize treatment 
such that patients are not subjected to unnecessary therapies that result in poor or no response, 
especially given that many checkpoint inhibitors have debilitating side effects. Digital Image Analysis 
(DIA) algorithms can detect the expression of biomarkers having prognostic value, thus enabling 
patients to be stratified based on an individual immune profile and selected for treatment based on 
their likely response.

•   Enrich clinical trials: The technology can help to define inclusion and exclusion criteria.
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The Benefits of AI-Based Image Analysis  

The need for accuracy in histopathologic diagnosis of cancer is increasing 
as personalized therapy requires timely and accurate biomarker 
assessment. Traditional image analysis requires that pathologists 
examine glass slides using conventional brightfield microscopy. This 
can be laborious and time-consuming when applied to high-volume 
biomarker assessment, particularly for the purpose of studying clinical 
trial subjects. 

The degree of subjectivity in the analysis is driven by factors such as 
tissue section heterogeneity and visual interpretation of biomarker 
distribution as well as intensity patterns in cells.5 In one study of 
diagnostic concordance among pathologists interpreting breast biopsy 
specimens (based on a single breast biopsy slide), researchers found that 
the level of concordance among pathologists was 75.3 percent, meaning, 
of course, that one-quarter of the time, interpretations differed.6 
Such discordance is believed to be hindering the development of new 
biomarkers and their use in clinical practice.7 

The expectation is that AI-based diagnostic pathology tools can improve 
the speed, accuracy, reproducibility and standardization of pathologists’ 
work in diagnosing patients and predicting their response to specific 
treatment. Figure 1 represents the general workflow for using AI-based 
pathology systems in clinical practice.

Figure 1: Using AI-Based  
Pathology Systems in  

Clinical Practice
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Operational Challenges in Clinical Development

As seen in Figure 2, developing an AI-based DIA system is an intensive process that requires 
collecting historical data, training the algorithm via deep learning and validating the system 
(internally and externally) via a prospective study prior to clinical adoption. 

Developing the technology involves “training” the algorithm to become effective and 
dynamic through exposure to large sets of data on digitized tissue (whole image slides). The 
process is complex, painstaking and iterative. Achieving the required level of recognition of 
the histomorphological features of the tissue and the staining characteristics of the target 
biomarker i.e., nuclear, membranous or cytoplasmic, requires many hundreds of data sets 
(patient tissue samples). 

Once trained, the DIA algorithm requires validation through a prospective clinical study 
design or as an exploratory component of a clinical trial. Validation is currently the final step 
on the development pathway to demonstrate user confidence in a real-world setting before 
commercialization can be considered. Although the regulatory guidance on validation for 
this technology is limited at this time, it is likely that regulators will require the technology 
demonstrating robust and reproducible performance within the clinical setting to be a 
component of any registrational filing.

Technology customers investing in AI-powered DIA development can be unpleasantly 
surprised by the rigors of collecting data, validating systems and meeting regulatory standards 
that are involved in the development life cycle. They may not realize that despite the limited 
regulatory guidance available, known agency standards should be adopted operationally 
where possible to ensure the study design holds up to scrutiny for safety and effectiveness.  

The challenges listed below can be managed and overcome. But Sponsors benefit greatly if they 
can rely on the expertise, capabilities and network of a total product life cycle development 
partner such as Syneos Health. We are familiar not only with oncology, but also with the 
operational and regulatory aspects of conducting development studies for software as a medical 
device (SaMD) in a poorly defined regulatory environment. The cost of making ill-informed 
assumptions about requirements could be devastating in terms of the development timeline. 

Developing the technology involves “training” the algorithm to 
become effective and dynamic …”“
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Operational Risk Areas in AI-Based Pathology Systems

DIA algorithms must “learn” how to predict a patient’s 
response using digital images. Software developers 
“feed” the systems retrospective data on thousands  
of patients who are or were under a physician’s care. 
The needed information includes patients’ 
demographics, tissue samples (ideally in digital images), 
pathology diagnoses and clinical response/outcomes. 
This need for annotated images and the associated 
demographic data is one of the most challenging  
factors in developing a DIA algorithm. 

Several diagnostic pathology laboratories in the  
US have established a commercial arm to provide  
access to de-identified “remnant tissue” stored in  
their biorepositories, tissue that would otherwise be 
considered bio-waste. In the US, generating digitized 
images of specific tumor types is an acceptable 
commercial practice under federal law, although there  
is no agency having comprehensive purview over the 
archiving and use of human tissue. Biorepositories  
may, therefore, have to comply not only with pertinent 
ethical standards, but also with a number of different  
US regulations, based on the derivation of the samples 
and their intended use. These include regulations set 
forth by the US Department of Health and Human 
Services (DHHS), the US Food and Drug Administration 
(FDA) and the Health Insurance Portability and 
Accountability Act of 1996 (HIPAA).8 Products developed 
or sold in Europe or Asia may be subject to local laws 
and codes.

Although the FDA has made significant strides in 
developing guidelines for SaMD researchers, there 
remains a lack of formalized guidelines specifically 
applicable to AI-based DIA algorithms. Thus, several 
pathology laboratory vendors have established their  
own internal policies on the subject, stipulating the 
criteria under which the tissue can be deemed as 
“remnant waste,” including the amount of tissue that  
can be provided to downstream researchers. Such use  
of these biospecimens and associated data is classified  
as “Not Human Subjects Research.”9

Acquiring Training Data Figure 2: The Development Cycle for a DIA Algorithm
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Adapted from van der Laak, J., Litjens, G. & Ciompi, F. Deep learning 
in histopathology: the path to the clinic. Nat Med 27, 775–784 (2021). 
https://doi.org/10.1038/s41591-021-01343-4
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Operational Risk Areas in AI-Based Pathology Systems 
(continued)

The issue of patient consent and privacy 
must be carefully considered. Since 
histopathology archives (formalin-fixed, 
paraffin-embedded [FFPE] blocks) are 
usually not created for research purposes, 
patient consent for diagnostic purposes 
invariably does not extend to research use. 
Seeking such consent could prove unduly 
burdensome for researchers, given the 
delay involved in identifying and reaching 
subjects or their next of kin. Thus, in the US, 
Sponsors and researchers may apply to an 
Institutional Review Board (IRB) for a 
consent waiver if the IRB submission 

satisfies the three requirements for a waiver 
of authorization under 45 CFR 164.512.10 
(Note, there is no provision for a waiver of 
patient consent in the EU.) If a waiver is not 
approved, e-consent tools can significantly 
minimize the burden of collecting informed 
patient consent.

To comply with the HIPAA in the US, the  
data collected from existing electronic 
medical records needs to be stripped of  
any protected health information (PHI) 
before it can be transferred from the site 
database to the Sponsor.

Patient 
Informed 

Consent and 
Privacy 

Agency policy on IRB review for 
retrospective AI-based DIA studies remains 
unclear, however, our approach to this  
gap in the regulatory risk framework is  
that AI-based DIA study protocols using 
biorepository-sourced human tissue should 
be reviewed by an appropriately constituted 
IRB to ensure independent review of the 
study design, tissue use and intended 
outcomes. The IRB review also ensures 
patient privacy, in that the identity of the 
patient is not known and cannot be revealed 
through embedded metadata. To avoid 
delays or confusion with the IRB submission, 
the IRB should be familiar with reviewing 
AI-based DIA studies and be able to 
confidently determine compliance with  
the appropriate section(s) of the code 
relating to waiver of authorization and 
handling and security of digitized patient 
data. Furthermore, in our experience, the 
IRB requires that a Principal Investigator (PI), 
typically a staff pathologist, be assigned at 
each site to oversee the study, despite the 
(retrospective) study posing no direct risk  
to patients. 

Ethics 
Approval 
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Operational Risk Areas in AI-Based Pathology Systems 
(continued)

Dynamic algorithm development is invariably extremely data-intensive and when  
combined with the data management requirements of an AI-based DIA study, can become 
unmanageable for the Sponsor. Securely transferring and storing large amounts of medical 
data via cloud-based systems creates cyber-security risks that must be considered and 
integrated into the operational design of the study—risks that are addressed or covered  
by a combination of the Code of Federal Regulations Title 21 (CFR) part 11 and FDA guidance 
on Good Machine Learning Practices (GMLP). Commonly, our technology Sponsors have  
the expertise to manage large volumes of data outside of the compliance requirements  
that are specific for medical data including embedded PHI metadata. 

In the US, the platforms to which digitized pathology images are sent must comply with  
the security standards set in CFR Part 11. Unfortunately, there is much unclarity. From a 
cyber-security perspective, though current regulatory frameworks impose penalties for 
failure to protect data and set minimum standards, clearer guidance—beyond the proposed 
GMLP framework—on best practices would be beneficial. 

The patient demographic data necessary to prove eligibility for the study is captured in case 
report forms (CRFs) stored in electronic data capture (EDC) systems. The study’s EDC and 
trial management system must be auditable, trackable and secure. 

Information 
Security 
and Data 

Management

Presently, there remains minimal 
regulatory guidance on protocol 
development for AI-based DIA 
studies. Syneos Health has 
developed a best-practice approach 
to this dilemma for our technology 
Sponsors which ensures regulatory 
compliance based on available 
policies and guidelines as well  
as integration of clinical research 
compliance principles, while 
incorporating tailored elements  
to capture the unique study design 
of AI-based DIA studies.   

Protocol 
Development
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Operational Risk Areas in AI-Based Pathology Systems 
(continued)

The FDA applies a “Total Product Life Cycle” 
approach to assessing AI-based DIA 
technology which includes assessing the 
quality culture and organizational excellence 
of the Sponsor and development partners. 
Syneos Health recognizes the holistic 
approach necessary to satisfy the  
regulators’ expectations of high-quality 
software development, testing and 
performance monitoring. In the US, digital 
pathology software is regarded as SaMD 
based on its intended use and so must 
follow the appropriate pathway for 
regulatory approval or clearance. The 
current regulatory requirement for digital 
health is still based on the traditional 
framework for hardware medical devices. 
When there are no existing classifications  
of such software as a basis for comparison, 
developers must use the de novo premarket 
pathway, which is designed for devices  
that do not have substantially equivalent 
predicate device(s) legally marketed in the 
US. The de novo classification is a risk-based 
classification process. 

Recognizing the uniqueness of modern 
software development and the need  
for promoting digital health innovation,  
the FDA introduced the Software  
Pre-certification (Pre-Cert) pilot program  
in 2017; however, this program is still in its 
infancy and currently under development. 
The Pre-Cert excellence appraisal is based 
on five principles: patient safety, product 
quality, clinical responsibility, cybersecurity 
responsibility and proactive culture. In 
contrast to the traditional medical device 
evaluation framework, the focus of this 
program is primarily on evaluating the 
manufacturer/software developer’s quality 
and organizational excellence, not the 
qualities of the product itself. 

In April 2019, the FDA released a discussion 
paper on Good Machine Learning Practices 
proposing a new regulatory framework for 
continuously learning and “adaptive” AI/ML 
algorithms, incorporating updates from 
real-world use and experience.13

Regulatory 
Approval

Regulators expect technology developers  
to have established quality systems focused 
on developing, delivering and maintaining 
high-quality products throughout the 
development life cycle that conform to the 
appropriate standards and regulations. 
Similarly, for AI/ML-based DIA technology, 
regulators expect Sponsors to embrace  
the principles of a culture of quality and 
organizational excellence.    

In our experience, the collection and 
processing of the tissue used to train  
and validate an algorithm is difficult to 
standardize, creating potential quality 

concerns when multiple sites and regions 
take part in a study. To mitigate this risk, 
tissue samples must be of diagnostic quality 
and processed via a standardized staining 
method. Further, the pathology laboratory 
should be Good Laboratory Practice (GLP) 
compliant and Clinical Laboratory 
Improvement Amendments (CLIA) 
accredited. In our view, establishing  
this standard within the study design 
demonstrates consideration has been given 
to mitigating the risk of quality erosion at all 
levels of study design, which could impact 
algorithm development and performance. 

Quality 
Assurance 



11

THE FUTURE OF IMMUNOTHERAPY: USING MACHINE LEARNING IN BIOMARKER DEVELOPMENT TO ADVANCE PATIENT TREATMENT AND MANAGEMENT

Operational Risk Areas in AI-Based Pathology Systems 
(continued)

In the UK, regulatory oversight of clinical 
trials using these technologies is still a 
matter of debate, but regulators are 
pursuing a framework in parallel with  
that of the FDA. Further, the International 
Medical Device Regulators Forum (IMDRF) 
formed a working group in 2013 for SaMD  
to develop guidance supporting innovation 
and timely access to these technologies.  

Improved regulation would clarify the level 
of testing that vendors have to execute to 
show that the software is safe and effective. 
A first step could be further developing the 
pathology-specific digital imaging and 
communications in medicine (DICOM) 
standard, with associated tags that could  
be used in combination with an image.14

Since the field is groundbreaking and there 
are no precedents, it is critical that those 
working with regulators know how to ensure 
that the program proceeds in compliance 
with regulators’ expectations. Minimizing 
risk in this case is not about having all of the 
answers, but rather about knowing what 
questions to ask.  

Our experience shows Sponsors should  
be prepared to carve out a significant 
portion of the study budget for regulatory 
consulting, as communication with 
authorities will be intensive. Engaging  
with regulators at the outset of development 
planning and at regular intervals after  
that is key to success on the road to 
commercialization.

Commercialization of a new technology  
will clearly pose challenges, a complete 
discussion of which is worthy of its own 
paper. For DIA technology to be adopted, 
the end-users—pathologists—must be 
invested. Developers will need to be 
prepared to spur adoption by socializing 
the technology to help anatomical 
pathologists and medical oncologists to 
recognize the clinical utility. Developers 
should be prepared for additional clinical 
validation to ensure accurate, reliable and 
precise performance of the technology for 
the intended population in a clinical care 
setting, a process that can be greatly aided 
by an experienced partner such as Syneos 
Health, which has long-standing 

relationships with medical oncologists  
and pathologists.  

Adoption could be expected to follow the 
technology adoption life cycle outlined in 
Crossing the Chasm, beginning with 
innovators, moving to early adopters,  
early majority, late majority and finally to 
laggards.15   

Developers will also need to seek insurance 
to indemnify themselves against diagnostic 
errors. Seeking coverage will require its own 
educational program and evidence package 
to help insurers understand the risks and 
benefits of the new technology.

Commercialization 

Regulatory 
Approval 

(continued)
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CASE STUDY: AI-Based PD-L1 Quantification in NSCLC   

Lung cancer is the most common cancer diagnosis 
worldwide and is the leading cause of cancer-related 
mortality.16 Non-small cell lung cancer (NSCLC) accounts 
for 80 percent to 90 percent of lung cancer cases and 
continues to rise.17 The need for better management and 
improved treatment outcomes for lung cancer patients 
has fueled the search for better prognostic markers. 

Immune checkpoint inhibitors, such as pembrolizumab, 
interfere with the interaction of programmed death 
receptor-1 (PD-1) and its ligand, programmed death 
ligand-1 (PD-L1), to enhance natural antitumor immune 
response. Pembrolizumab, a PD-1 blocking antibody, 
has shown excellent response rates and reduced risk 
of death in advanced stage NSCLC patients whose 
tumors are determined to be PD-L1 positive by 
immunohistochemistry in histologic tissue samples.18

PD-L1 expression (positivity) is currently used as a 
companion diagnostic in the standard of care and has 
an important role in the prediction of response to 
pembrolizumab therapy in advanced-stage lung cancer 
patients. PD-L1 tumor expression as measured by the 
tumor proportion score (TPS), is currently manually scored 
and calculated by the pathologist, which is a time intensive 
activity subject to discrepancy through inter-reader 
variability.19 This discrepancy suggests a need for a better 
approach to TPS scoring to both improve the accuracy of 
survival predictions and guide therapeutic options.20

Treatment resistance or non-response in immune-based 
cancer therapy such as immune-checkpoint inhibitors 
has resulted in increased interest in combining AI with 
digital pathology to identify patients most likely to derive 
therapeutic benefit. Our DIA technology customers are 
focused on developing highly predictive biomarkers with 

high clinical impact to allow pathologists to better assess 
and determine diagnostic and prognostic indicators 
which will allow oncologists to personalize patient care. 
The application of AI to patient data such as PD-L1-based, 
digitized histological information, provides a wealth of 
functional phenomic data specific to the individual patient. 
Initial pilot studies investigating the use of AI-powered 
DIA in immuno-oncology have revealed encouraging 
improvements in the efficiency, accuracy and objectivity 
of tumor proportion scoring compared with the 
pathologist’s reading. The application of this technology 
in the clinical trial setting as a clinical assay (endpoint) 
will also allow drug developers to identify patients most 
likely to respond to treatment, leading to refined clinical 
trial enrichment, optimization of clinical trial patient 
outcomes and reduced drug development costs. 

Syneos Health is currently the preferred development 
partner for several AI-based digital pathology studies 
investigating the clinical application of AI-assisted DIA 
biomarker development. We are providing our DIA 
technology customers with the necessary therapeutic 
(oncology and pathology) expertise required for novel  
AI-based DIA study design, protocol development and 
study operationalization. Through our established 
immuno-oncology site networks and KOL relationships, 
Syneos Health is delivering the high-volume patient 
data sets required to support the training and 
validation of AI-based DIA studies while effectively 
socializing target “end-users” with the technology 
through these development studies.  

This graphic provides an overview of Syneos Health’s 
experience conducting clinical trials involving NSCLC 
experience since 2016.

NSCLC Clinical Trial Experience at Syneos Health

Therapeutic Indication Phase I Phase I/II Phase II Phase III Phase IV

Non-Small Cell Lung Cancer 14 6 8 6 2

Total Sites

2,012
Total Studies

36
Total Subjects

6,237
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Syneos Health: At the 
Intersection of Immuno-
Oncology and AI-Based  
Digital Image Analysis

Syneos Health applies its expertise in 
Immuno-Oncology and digital pathology 
to support the collection of data required 
by developers to train algorithms. We also 
draw upon our specialized capabilities in 
managing prospective studies to validate the 
performance of diagnostic digital pathology 
platforms. This approach provides access to 
multi-disciplinary experience in conducting 
Immuno-Oncology trials and in guiding our 
customers through the approval process. 

Syneos Health understands the specific 
challenges technology development 
customers face, including the large-scale data 
set collection essential to conducting the 
studies required for technology development 
and registration. Through our established 
global study site network in oncology, we 
are able to achieve the data set goals of our 
technology customers while socializing the 
technology early to end-users. Leveraging our 
depth of experience in SaMD development, 
Immuno-Oncology and pathology, our 
team establishes partnerships with key 
investigators interested in participating in the 
development of AI-based clinical solutions.

Conclusion

Clinical trial methodologies will continue to evolve at a rapid 
pace, particularly in the area of precision digital medicine. 
AI-enabled platforms that can “learn” to detect and identify 
biomarkers in tissue promise to be a remarkable advance in 
immunotherapy. The expectation is that such software, when 
properly trained and validated, can support more accurate 
and rapid diagnoses and patient stratification for treatment. 
The hope is that in the future, drug Sponsors will routinely use 
this technology in assigning treatment to patients in clinical 
trials and that pathologists and medical oncologists in real-
world settings will rely on it to diagnose disease and to identify 
predictive biomarkers of response. 

Clearly, there are many challenging aspects of developing 
digital diagnostic pathology systems that have little to do with 
computer programming and data science. A significant portion 
of the process is the stock and trade of research organizations 
that help to bring drugs and medical devices to market. The 
best solutions are likely to come from partners who are familiar 
both with clinical trials in the immunotherapy area and with the 
regulatory requirements for medical devices.

The development pathway for this technology is largely 
unchartered. Software developers should seek the counsel and 
support of a research partner who is immersed in the business 
of conducting immunotherapy and device trials. The research 
partner should have strong, existing relationships with study 
sites to expedite site recruitment and study start up. Data 
collection should be operationalized and the partner should 
have experience managing and integrating large data sets. 

The expectation is that such 
software, when properly 
trained and validated, can 
support more accurate and 
rapid diagnoses and patient 
stratification for treatment.”

“
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