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Abstract: Duration of overall survival in patients with cancer has lengthened due to earlier detection and improved treatments.
However, these improvements have created challenges in assessing the impact of newer treatments, particularly those used early in the
treatment pathway. As overall survival remains most decision-makers’ preferred primary endpoint, therapeutic innovations may take
a long time to be introduced into clinical practice. Moreover, it is difficult to extrapolate findings to heterogeneous populations and
address the concerns of patients wishing to evaluate everyday quality and extension of life. There is growing interest in the use of
surrogate or interim endpoints to demonstrate robust treatment effects sooner than is possible with measurement of overall survival. It
is hoped that they could speed up patients’ access to new drugs, combinations, and sequences, and inform treatment decision-making.
However, while surrogate endpoints have been used by regulators for drug approvals, this has occurred on a case-by-case basis.
Evidence standards are yet to be clearly defined for acceptability in health technology appraisals or to shape clinical practice. This
article considers the relevance of the use of surrogate endpoints in cancer in the UK context, and explores whether collection and
analysis of real-world UK data and evidence might contribute to validation.
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Introduction

Advances in understanding the mechanisms underlying cancer have driven the development of innovative therapeutic
approaches, and half of patients diagnosed with cancer in the UK are now predicted to survive for 10 years or more.’
Despite this progress, the timely evaluation of new cancer treatments remains challenging because overall survival (OS)
continues to be the regulators’ and health technology assessment (HTA) agencies’ preferred endpoint. This endpoint offers
many positives: OS and quality of life (QoL) are the two endpoints most important to patients; it is a hard endpoint that is
relevant in all cancer studies; and strong results for novel drugs are reflected by early signals of OS benefit. Nevertheless,
achievement of median OS relies on large cohorts and long-term follow-up. Additionally, in early-stage cancers and
malignancies that progress slowly or have good long-term prognoses, which often require multiple therapeutic agents or
combination regimens, it can be challenging to determine the true impact of individual therapies using OS alone.”
Interpretation of the results can be confounded by use of other therapies — as the numbers of treatment options increase, so
too do the potential combinations and sequences in which they may be used. However, the number of patients available in
whom to test them remains insufficient,” making it difficult to clearly attribute treatment effects.* Additionally, diagnostic

approaches (eg, liquid biopsy), advanced imaging, and data analysis techniques (eg, artificial intelligence and machine
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learning) have altered the ways in which safety and efficacy can be assessed,” and have led to alternative endpoints being used
to evaluate the clinical impact of treatment alongside OS.

Randomized controlled trials (RCTs) are subject to strict eligibility criteria, which often result in high clinical trial
exclusion rates that can hinder recruitment and diminish the generalizability of results.* Novel research approaches and
the use of surrogate or interim endpoints have been applied by researchers in an attempt to answer clinical questions
more quickly and affordably in a wider range of patients, albeit with variable success.® As a result, OS is no longer the
most frequent primary endpoint in oncology RCTs.” Although surrogate endpoints have performed well in some cancers
when assessed in patients that match RCT participants,® this is not ubiquitous, and there are examples in cancers, such as
multiple myeloma (MM), where correlations have been poor.” Reliance on these early data alone and the use of
surrogates as primary endpoints has, therefore, been challenged.>'® Thus, so far, HTA agencies have handled surrogate
endpoint evidence on a case-by-case basis, but none is yet deemed sufficiently validated to be approved universally or
accepted as a replacement for any conventional clinical primary endpoint. As a consequence, there is substantial variation
in approaches.'' Validation would be likely to require extensive evidence, preferably derived through meta-analysis of
RCTs.'"'* Additionally, it has been suggested that each surrogate endpoint should be validated per indication (including
disease grade or stage) and per intervention.'? Therefore, the use of surrogate endpoints so far has been assessed in terms
of biomarkers expected to predict clinical benefit with reasonable likelihood and/or biological plausibility of the
relationship between the surrogate and the final clinical endpoint.'"'*!*

This Perspective paper summarizes discussions held during a feasibility assessment of the use of surrogate endpoints
in cancer research and ways in which real-world data (RWD) and real-world evidence (RWE) might be used to validate
such endpoints. Views were gathered from UK patient, clinical, and pharmaceutical industry representatives on the
current landscape of surrogate endpoints and RWD, and the conclusions incorporate the expressed perspectives and
recommendations. Two exemplar cancer types were discussed — a blood cancer (MM) and a solid tumor cancer (lung
cancer [LC]) — with consideration given to themes that might be common to other cancer types.

Surrogate Marker Landscape
Regulatory Approval and Health Technology Assessments

Regulatory interest in surrogate endpoints in cancer treatment trials has been growing, particularly with the ambition of
achieving expedited access to novel treatments where there is a significant unmet need.'>”'” Drug development times
may be substantially shortened by the use of surrogate endpoints, which could result in decision-making being based on
carlier data and allow earlier access for patients. For example, Chen et al'® demonstrated that using surrogate endpoints
for oncology drug approval was associated with a reduction in drug development time of approximately 11 months
compared with an OS endpoint. However, this approach is thought to come at the cost of increased clinical uncertainty
and, potentially, a shortage of information for decision-makers (eg, HTA agencies and clinicians). Therefore, data are
expected to be gathered alongside those for conventional clinical trial endpoints and outcomes tested by extended follow-
up to ensure they robustly correlate with meaningful endpoints for patients.'®' The US Food and Drug Administration
(FDA) has allowed the use of surrogate endpoints in some individual drug development programs, which it lists online,*
but still considers each case individually. The European Medicines Agency does not have a similar list, but research has
shown a trend in awarding marketing authorizations for drugs in which OS data were immature and progression-free
survival (PFS) was given more consideration.”'”> The UK Medicines and Healthcare products Regulatory Agency
(MHRA) has not yet issued guidance on the use of surrogate endpoints, but in January 2021, it introduced the Innovative
Licensing and Access Pathway (ILAP) process, which provides a channel to discuss new approaches to evidence
generation.”> The ambition of this new licensing and access pathway was to reduce the time to market for innovative
medicines. As such, ILAP presents a unique opportunity for companies to align with regulators and HTA bodies on the
quality of the evidence and its utility in decision-making that is provided by a specific surrogate endpoint. So far, three
drugs for cancer have been awarded an Innovation Passport via ILAP and approved by the National institute for Health
and Care Excellence (NICE) and the Scottish Medicines Consortium: sotorasib for treating KRAS Gly12Cys mutation-
positive non-small-cell LC (NSCLC), lorlatinib for NSCLC positive for ALK mutations, and sacituzumab govitecan for
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metastatic triple-negative breast cancer. Surrogate endpoints from the pivotal trials for these drugs supported the evidence
packages that informed regulatory and HTA approvals.**

In contrast to regulators, HTA agencies and payers have remained more conservative, and conventional survival data
endpoints continue to be preferred for economic assessments. Surrogate endpoints are generally considered to provide
a greater degree of uncertainty compared to OS for the extrapolation and estimation of long-term benefits to patients.”
Furthermore, there is substantial variation between HTAs in how agencies handle data and try to validate surrogate
endpoints.?® For example, NICE considered expert opinion when deciding whether PFS was a suitable surrogate measure
for the effects of brentuximab vedotin in CD30-positive Hodgkin lymphoma,”’ whereas meta-analyses of individual patient
data in RCTs were used to evaluate the acceptability of pathological complete response to support pertuzumab in human
EGFR2-positive breast cancer.”® By contrast, the Canadian Agency for Drugs and Technologies in Health concluded that
meta-analysis of pooled individual patient data was insufficient to support the validity of pathological complete response as
a proxy for long-term outcomes in breast cancer.*” The acceptability of time from randomization to progression on second-line
therapy, often referred to as PFS2, has been judged differently by six national HTAs in Canada and Europe.*°

In its health technology assessment guidance, NICE recommends “in all cases, the uncertainty associated with the
relationship between the endpoints and the final outcomes should be quantified and presented” as part of a probabilistic
sensitivity analysis.>’ Therefore, as part of its decision-making, NICE considers long-term effects even if complete
evidence is unavailable. This approach has been evidenced in recent health technology appraisals, such as that for
osimertinib where disease-free survival (DFS) was used in the approval of its use for adjuvant treatment of stage 1b to 3a
NSCLC after complete tumor resection, in adults whose tumors have EGFR exon 19 deletions or exon 21 (Leu858Arg)
substitution mutations.*”> Another example was the use of minimal (also called measurable) residual disease (MRD) data
to support the approval of daratumumab in combination as an option for transplant-eligible patients with untreated
MM.* Acknowledging the difficulty of the current situation, though, NICE is working with organizations in other
countries to develop more guidance for pharmaceutical companies on the use of surrogate outcomes when analyzing

cost-effectiveness.’® The IQVIA Institute for Human Data Science noted two literature reviews, one by Cooper et al®®

and one by Pasalic et al,*®

that could indicate why payers remain skeptical of surrogate endpoints. Both showed that the
predictive value of surrogate endpoints is not always reliable, meaning that payers must extrapolate and estimate true
benefits to patients. This approach is believed to reduce the certainty about the economic value of treatments. One
solution has been to grant conditional reimbursement, where they will accept submission of RWE after reimbursement to
reduce the impact of uncertainty on future estimates. IQVIA performed a qualitative assessment with 24 US and
European payers and key opinion leaders to explore their opinions about how to prioritize six surrogate endpoints
(DFS, MRD, pathologic complete response, disease control rate, relapse rate, and time to response).”’ These expert
stakeholders believed that, despite current reticence, there was a likelihood that surrogate endpoints would become
acceptable, although some were viewed as more suitable for different diseases and cancer stages (Table 1).

The European Network of Health Technology Assessment (EUnetHTA) considers data obtained from surrogates for
specific clinical endpoints if they are based on biological plausibility, supported by empirical evidence, and the associated
uncertainties and limitations are explicitly explained.*® However, to be adopted for relative effectiveness assessment
purposes, specificity for disease, population, and technology would need to be shown, and the surrogate would need to be
“sensible, measurable, interpretable and highly accurate in predicting the clinically relevant endpoint”.*®

The Institute for Quality and Efficiency in Health Care (IQWiG), the German HTA decision-making body, has
suggested applying the surrogate threshold effect (STE) concept to estimate whether the effect on the surrogate is
accompanied by an effect on the final endpoint.'? To draw such a conclusion, the lower confidence limit of the treatment
effect on the surrogate must be larger than the STE. Correlation between the surrogate and clinical endpoint is preferred
but, when the relationship is unclear, they suggest using surrogate effect thresholds. For surrogate endpoints in oncology,
the suggested STE threshold for high correlation (lower limit of the 95% CI) is R>0.85, and that for low correlation (no
effect; upper limit of the 95% CI) is R<0.7.'""'? The utility of these levels was demonstrated by Hashim et al, who used
STE to assess objective response rate and PFS in relation to OS in studies involving patients with late-stage NSCLC.
They concluded that OS benefit can be expected with sufficient certainty if the median objective response is >41.0% or
PFS is longer than 4.15 months.*
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Table | Key Opinion Leader Views on Suitability of Selected Surrogate Endpoints

Endpoint | Summary Relevance
Adjuvant or Advanced or
Neoadjuvant Use | Metastatic
Disease
DFS ® KOLs consider DFS as to be an appropriate efficacy endpoint for adjuvant/neocad- | Important relevant Not important but
juvant therapies in indications with good prognosis and immature survival data endpoint relevant endpoint
® Payers highlight that surrogate survival endpoints such as DFS will become more
acceptable as newer products with improved efficacy are launched in earlier lines of
therapy and correlation with long-term survival is established
MRD? ® KOLs expect MRD negativity to become a viable surrogate for early-line MM | Important relevant Not important but
treatment in the absence of mature survival data, due to the correlation between | endpoint relevant endpoint
MRD negativity and long-term survival. MRD is less relevant in advanced MM as it is
more feasible to achieve mature PFS or OS data
pCR ® pCR is relevant for indications that are treated with adjuvant and neoadjuvant | Important relevant Not important but
immunotherapy or chemotherapy before resection. pCR allows measurement of endpoint relevant endpoint
biologic activity for solid tumors and can demonstrate correlation to excellent
prognosis and long-term survival
® Payers agree with KOL expectations that pCR might become a key endpoint in the
next 2-5 years for adjuvant/neoadjuvant therapies if correlation with long-term
survival is established
DCR ® DCR is likely to be an appropriate supporting endpoint to PFS in metastatic | Not important but Important relevant
indications with good prognosis and immature OS data. KOLs consider DCR to relevant endpoint endpoint
be an appropriate evolving endpoint to measure progression of metastatic disease
that is not being treated with curative intent and has progressed in spite of initial
therapy
Relapse ® Payers expect relapse rate to be an acceptable supporting endpoint for earlier lines | Important relevant Not important but
rate of therapy but will require survival-related primary endpoints endpoint relevant endpoint
Time to ® Payers do not expect to use time to response to assess new products during HTA | Not important but Not important but
response evaluations as type of response and duration of response are considered more relevant endpoint relevant endpoint
important than time to first response

Notes: Based on 10 interviews with 20 stakeholders for NSCLC, prostate cancer, bladder cancer, and colorectal cancer, and three interviews with four stakeholders for
multiple myeloma. *Relevant only to MM.

Abbreviations: DCR, disease control rate; DFS, disease-free survival; HTA, health technology assessment; KOL, key opinion leader; MRD, minimal residual disease; MM,
multiple myeloma; OS, overall survival; pCR, pathologic complete response; PFS, progression-free survival.

Use of Real-World Data and Real-World Evidence

Endpoints in clinical trials are likely to differ from experiences in real-world settings. The complementary use of RWD
has been proposed to broaden regulators’ understanding of treatment effects in patients who would currently be excluded
from trials, and that of RWE to expand appreciation of wider effects.*>*' However, RWD are subject to several important
caveats. There are recurrent issues with consistency and completeness. This is in addition to being observational in
nature, derived from non-controlled environments, and not collected in relation to specific endpoints. Fears about
governance and privacy are also well publicized.** All these factors contribute to concerns held by regulators and
HTA organizations.*> Furthermore, sources of RWD range from those established, such as medical registries, insurance
databases, and electronic health records, to newer sources, such as wearable technology and social media, which can
present challenges in terms of data cleaning and analysis.** Other factors to consider are linking between datasets
(eg, primary, secondary, and community care), enrichment (the types and detail of information gathered, including, for
example, QoL), costs (eg, achieving fitness for use through curation, anonymization, and simplification), and accessi-
bility of datasets.** Some strides have been made in the development of frameworks to improve data quality, but further
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work needs to be done to make more data intrinsically high quality, contextually appropriate, clearly represented, and
accessible to potential data consumers.****

Friends of Cancer Research evaluated the performance of surrogate endpoints when analyzing RWE. In an initial pilot
study, they asked six organizations to assess which endpoints for patients with advanced NSCLC who had received immune
checkpoint inhibitors could be evaluated and compared across multiple data sources. They developed a framework of
necessary data elements, characteristics, and definitions for real-world endpoints based on data availability in electronic
health record and claims systems.*® Friends of Cancer Research then compared consistency of US data with those extracted
from the National Cancer Registration and Analysis Service (NCRAS) via the UK Cancer Analysis System for endpoints
including real-world OS and time to treatment discontinuation. They found that the data for real-world time to treatment
discontinuation correlated moderately to highly with real-world OS in all data sources (p=0.7 in CAS and p=0.6—0.9 in the US
datasets).*” The authors concluded “RWD can generate clinically meaningful and timely evidence on the efficacy of new
cancer treatments used across diverse real-world settings”, which might suggest a role in post-approval confirmatory studies.
Griffith et al*® assessed the feasibility of identifying tumor-based endpoints in RWD. In 200 patients with advanced NSCLC
randomly selected from the US Flatiron database of 25,000 patients, extraction of data by clinicians supported by radiology
data predicted real-world progression in 173 (87%) cases. Real-world PFS and real-world time to progression correlated well
with real-world OS (p=0.65 and p=0.70, respectively). The authors concluded that data routinely collected in electronic health
records could enable development and validation of surrogate endpoints of cancer progression.*®

Guidelines on RWD and RWE use from regulators and HTA agencies are fragmented and have been created with little
cross-consultation.*? In the UK, the MHRA has recently published guidance on incorporating RWD into prospective RCTs.*’
They suggest various activities to test the data, such as feasibility studies to assess completeness of data recording and linkage
in the study setting, particularly disease-specific data, and designing studies that do not alter the patients’ experience of care
(other than consent and randomization). NICE has also recently outlined best practices when using RWD and RWE, which
suggests a role for RWD to help contextualize clinical trials by modelling the relationship between surrogate and final
outcomes (including patient-reported outcomes) and to aid accurate report of post-protocol therapy.>

Consultations on the Use of Surrogate Endpoints

Patients’ Representatives
DATA-CAN convened a group of patients' representatives to express views, for which their time was compensated. As none was
required to provide personal or clinical data and the research was being conducted independently of the NHS, no informed
consent for participation or review by an institutional board or ethics committee was required, in line with the guidance in the
decision tool of the UK Research and Innovation, Medical Research Council, and NHS Health Research Authority.51 The two
patient groups underwent orientation sessions in which relevant terminology, such as OS and PFS, was defined in lay terms, and
a glossary was provided to aid the ensuing discussions. At three meetings, patient group representatives were invited to present
their thoughts, viewpoints, and experiences, and to discuss how these might contribute to the development of surrogate endpoints.
The views about OS reflected those in the 2019 national-level data from the NHS National Cancer Patient Experience
Survey, in which high proportions of patients reported feeling that treatment was well explained to them (75%) and that
they were involved in the decisions (81%).”* However, respondents often felt unable to discuss worries and fears about
treatment. In our consultations, the patients’ representatives felt that OS was well represented and made understandable
to them when discussing treatment. However, they expressed strongly that other aspects of treatment are not adequately
measured and discussed in ways that would enable them to make informed choices about balancing survival against QoL
outcomes that individually matter to them. They made an important distinction between overall QoL and symptom-led
health-related QoL (HR-QoL). While attempts are made in clinical trials to capture HR-QoL, the common tools, such as
the EuroQoL 5D and European Organization for Research and Treatment of Cancer QLQ-30 questionnaires, are not
disease specific and do not fully explore or represent the short-term or long-term real-world holistic impacts on patients
beyond clinical symptoms and side-effects; remaining mobile is not the same as being able to continue specific hobbies,
activities, types of work, etc. Furthermore, QoL is seldom used as a primary endpoint in clinical trials,>® missing data are
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common, suitable statistical methods are not applied to test the data,”* and data are rarely captured after study treatment
ends,” limiting insights for long-term QoL.

Loss of any important aspect of QoL can greatly affect mental health and, in turn, disease outcomes. The patients’
representatives consulted in this project strongly advocated the gathering of information on “what matters to you?”” alongside
“what is the matter with you?”. Indeed, in a Swedish prospective cohort study of 244,261 patients followed up for 2—6 years
after receiving a cancer diagnosis, 11,457 (5§%) were diagnosed with mood, anxiety, and substance abuse disorders. Among
these, 7236 (63%) were first-onset cases and were associated with a substantially increased risk of cancer-specific death
(hazard ratio 1.82, 95% CI: 1.71-1.92).%° Our representatives encouraged the development of appropriate surrogate endpoints
to fill this gap, with support for the gathering and analysis of patient-reported outcomes such as impact on mental health,
psychosocial effects, physical ability, and everyday living that could be considered along with survival.

Clinical Experts

We consulted five clinical experts in MM and 11 in LC via group meetings to obtain insights into potential differences in
validation needs and standards for surrogate endpoints relevant to RWD. This group included clinicians who have
worked closely with NICE and MHRA. All were contracted and compensated for providing expert advice. As for the
patients’ representatives, no personal or clinical data were recorded, and no informed consent for participation or review
by an institutional board or ethics committee was required.

Patients with MM and LC have highly heterogeneous presentations and genetic profiles, and evaluations before
treatment should consider disease-specific factors, assessment of treatment tolerance, and measurement of HR-QoL, and
should involve a survival analysis. Ideal surrogate endpoints were suggested to be those that would allow early
assessment and link response to the final endpoint with an established level of certainty/uncertainty and that confidence
could be tested over time as more data are gathered. Potential sources of data were clinical trials and RWD.

The importance of using large datasets that can account for variation and potential confounders was emphasized. The optimum
datasets would be representative across regions and include records from district general hospitals as well as larger teaching
hospitals. However, a theme that unified clinical experts (and other stakeholders) was that meaningful RWD are not always
available in the UK. Furthermore, data from regulatory RCTs are not always relevant to the UK health-care setting and/or are
sparse. For datasets that were available, a selection was compared against a set of evaluation criteria, which are shown in Table 2.

Table 2 Assessment Criteria for Data Sources

Category Dimension Definition

I. Access Information governance Relevant if researchers other than data controllers/existing named processors use the
data for secondary (research) purposes.

2. Cancer MM and LC As defined by ICD10 codes C90 (MM) and C34 (LC)

cohort(s)

3. Support Specialist support Data management team available with MM and LC specialist experience

4. Data Data model, data dictionary, and Documented data model, description of data items, and description of source

documentation | provenance

5. Technical Data management plan and data Description of auditing processes and data profiling results available

quality completeness

6. Coverage Time period, geography, and size Follow-up period available for each patient record, area covered, and number of patients

7. Availability Allowable uses, frequency, Description of license agreement, including allowable users, how often the data are
timeliness, tools, and environment refreshed, time between data application and access, statistical tools available in secure

analytical environment, and description of location of data for analysis

8. Value Linkages, enrichment, and costs Identifiers to demonstrate ability to link to other datasets, ability to link to additional

bespoke datasets, and data access fees
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While not exhaustive, these criteria allowed assessment of the data’s potential fitness of use to validate chosen MM and LC
surrogate endpoints.

Where data are sufficient, it was proposed that regression analyses would be suitable to assess potential early
indicators and predictors of treatment outcomes and survivorship.

Given these restrictions, while many ideas for surrogate outcomes were discussed to enhance assessment (Tables 3—8),
recommendations for immediate consideration were made for only a few where it was believed that relevant data are
already recorded in the UK and/or assessments can be made in practice.

MM Clinical Endpoints

Owing to the long-term and incurable nature of MM, it was strongly recommended that surrogate endpoints would be
most informative where assessment of OS is most challenging (first-line or second-line therapy) or most likely to be
confounded by other factors (eg, multiple subsequent lines of therapy). Time to next treatment ([TTNT] as a marker of
disease progression), relapse kinetics measured by rate of rise in paraprotein or serum-free light chain (SFLC) concen-
trations, durability of treatment response, and HR-QoL and QoL were judged to be most relevant (Box 1).

TTNT seems to be well reported in registries, which has allowed its inclusion in RWD assessments of MM
treatments.>’ %> It directly reflects the time during which patients do not require a subsequent line of therapy, which
can be an important measure of how well a treatment is controlling the disease and, to some extent, how well it is
tolerated. The clinical experts recommended that TTNT data should be routinely collected in clinical trials for planned
subgroup analyses to evaluate the effects of key confounders of this endpoint (eg, patient demographics, disease-specific
factors, and physician-related factors). Additionally, as many of the tests and methods used in RCTs will not be feasible
for routine clinical care, the clinical experts suggested that surrogate endpoints that are readily available in RWD be
measured during clinical trials, which would ensure that the trial evidence is comparable with RWD. Of note, though
when reviewing these discussions, the patients’ representatives highlighted that it should be explored whether factors,
such as a patient choosing to delay intensive treatments (eg, high-dose chemotherapy followed by autologous stem cell
transplantation, which can be painful and debilitating), affect the validity of TTNT for MM.

While clinical trials remain relevant in all groups, they are particularly appropriate for relapsed patients, who form an
extremely heterogencous subgroup. OS should be the preferred endpoint in late-stage trials owing to short life
expectancy, limited confounding, and an early available comparison of potential OS benefit. However, the clinical
experts recommended including explorative subgroup analyses of biochemical markers of relapse (eg, rate of rise in
paraprotein or sFLC), which will be of academic interest. RWD collection and recording are key potential areas for
improvement.

The use of composite clinical trial endpoints that include biochemical indicators of the functional consequences of
disease progression or organ damage was also proposed. These could include, for example, renal function, hemoglobin
levels, calcium levels, and skeletal-related events. However, any composite endpoints would require extensive validation
in controlled clinical trial environments before any wider adoption, and they would be highly unlikely to replace OS as
a primary endpoint.

LC Clinical Endpoints

The clinical expert group for LC felt that surrogate endpoints would be particularly appropriate for the assessment of
early-stage disease where OS is least meaningful due to potential length of survival and potential for curative intention of
treatment. DFS was recommended for stage I and II disease to indicate the end of a disease-free period (eg, due to
recurrence, need for a new therapy, or death) and could be collected using codes in NCRAS and the Systemic Anti-
Cancer Therapy Dataset that have already been captured for cancer registration in NSCLC. Fiteni et al®® found that the
available evidence supported DFS as a surrogate marker for OS when considered in the IQWiG criteria framework for
surrogate endpoints. Among 20 studies, in trials of adjuvant chemotherapy, the correlation between DFS and OS was
0.83 at the individual level (95% CI 0.83—0.83) and 0.92 at trial level (95% CI 0.88-0.95).°° As for MM, more robust
evaluation of HR-QoL was recommended, with broadening of data to capture overall QoL being added when suitable
tools are developed (Box 2).
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Table 3 Clinical Expert Discussion of Potential Surrogate Endpoints in MM: Transplant-Eligible Patients

Key Measure

Clinical Trial Endpoint

RWD and RWE Discussions

Currently Suitable as

a Surrogate Endpoint?

Survival

oS

® Improved survival means that trials in this cohort risk will be obsolete by the time of
survival data readout.

® Subsequent lines of treatment are poorly reported in clinical trials.

® OS is not meaningful due to the potential length of survival and the impact of subsequent
lines of treatment.

® RWD should be improved by measurement of disease/morbidity-related survival and
possibly quality-adjusted and age-related relative survival.

® Patients’ perspectives on balancing HR-QoL with survival may differ.

No, but RW assessment of OS

should be improved

Duration of response PFS according to IMWG categories ® PFS in first-line management offers greatest survival benefit, particularly the duration of | Yes
first response versus early relapse.
® Numerical improvement in PFS is not relevant in an RW setting as it does not directly
impact clinical care.
® Quantitative paraprotein/sFLC assessments that are routinely collected must be easier to
obtain.
Depth of response/ kinetics of | Response rate according to the International Uniform ® Studies suggest that depth of response is less important than sustainability of VGPR. Yes
relapse Response Criteria for Multiple Myeloma, including sCR, CR, ® Biochemical laboratory RWD on relapse kinetics could be important, but easier access is
VGPR, and PR. required.
® Time without treatment is important to patients.
Residual tumor burden MRD according to IMWG criteria. ® MRD is currently measured at only one time point as standard. No

PET-CT MRD is expensive and not consistently available in the UK.

Measurement of increasing depth of response or capture of relapse earlier would be
ideal but change of clinical practice is not currently likely.
® The current frequency of assessments for MRD is unlikely to be applicable to the clinical
setting due to patient and clinical burden and current need for invasive bone-marrow

biopsies.

Negative impact of therapy

Safety assessments (ADRs) and treatment tolerance (dose

reductions/ treatment discontinuation)

® |Includes renal impairment, neuropathy, immunodeficiency, infection, thrombosis, and
hospitalizations.

® Assess ToT in first-line assessments to evaluate the impact of toxicities and consider
timings of cycles, treatment delays, and dose reductions.

® Trial composite endpoints could include relevant assessments.

® Potential to also use recovery rates from HDT-ASCT treatment, including markers of

frailty, but these assessments are not yet validated

Yes, including as part of
a composite/multicomponent

endpoint

HR-Qol (including impact of
treatment and disease

progression)

EQ-5D/EORTC-QLQ30 and PROs

® Desired by patients, but EQ-5D not regularly used in clinical care.

® Other options might include wearable technologies (eg, fitness/mobility measures) and
clinical measures (eg, hospitalization, length of stay, infection, and health-resource
utilization).

® Access to GP records and natural language processing of clinical records could improve
data capture.

Yes, for all patients, but lack of
longitudinal HR-Qol data is a key

issue

Abbreviations: ADR, adverse drug reaction; CR, complete response; EORTC, European Organization for Research and Treatment of Cancer; EQ-5D, EuroQolL 5D tool; HR-Qol, health-related quality of life; HDT-ASCT, high-dose
chemotherapy followed by autologous stem cell transplantation; GP, general practitioner; IMWG, International Myeloma Working Group; MRD, minimal residual disease; OS, overall survival; PET-CT, positron emission tomography-
computed tomography; PFS, progression-free survival; PR, partial response; PRO, patient-reported outcome. RW, real-world; RWD, real-world data; RWE, real-world evidence; sCR, stringent complete response; sFLC, serum free light
chain; ToT, time on treatment; VGPR, very good partial response.
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Table 4 Clinical Expert Discussion of Potential Surrogate Endpoints in Multiple Myeloma: Transplant-Ineligible Patients

Key Measure

Clinical Trial Endpoint

RWD and RWE Discussions

Currently Suitable as
a Surrogate Endpoint?

Survival

(6N

OS is often shortened by increased age and/or frailty.
Comorbidities are likely, so cause of death is important to establish.
Assessment of disease/morbidity-related survival is essential.

Also consider quality-adjusted and age-related survival.

No, but RW assessment of
OS should be improved

Duration of response

PFS according to IMWG categories

Less-pronounced correlation of OS in these patients is due to increased confounding
factors. Appropriate adjustments (eg, age and/or frailty score) could help.

Co-morbidities are also increasingly important.

TTNT may be an option to explore.

Composite trial endpoints could incorporate toxicities and treatment discontinuation.

Consider including supportive therapy, such as transfusion, medications/analgesia, immuno-
globulins, and antibiotics.

® Timing of referral to palliative care could be informative.

Yes

Depth of response/kinetics of
relapse

Response rate according to International Uniform Response
Criteria for Multiple Myeloma, including sCR, CR, VGPR, and
PR.

® Biochemical relapse kinetics could be important but easier access is required.

Yes

Residual tumor burden

MRD according to IMWG criteria

® MRD is currently measured at only one time point as standard.

PET-CT MRD is expensive and not consistently available in the UK.

® Measurement of increasing depth of response or capture of relapse earlier would be ideal
but change of clinical practice is not currently likely.

® The current frequency of assessments for MRD is unlikely to be applicable to the clinical

setting due to patient and clinical burden and current need for invasive bone-marrow

biopsies.

No

Negative impact of therapy

Safety assessments (ADRs) and treatment tolerance (dose
reductions/ treatment discontinuation)

® Includes renal impairment, neuropathy, immunodeficiency, infection, thrombosis, and
hospitalizations.

® Assess ToT in first-line assessments to evaluate impact of toxicities and consider timings of
cycles, treatment delays, and dose reductions.

® Trial composite endpoints could include relevant assessments.

® Potential to also use recovery rates from HDT-ASCT treatment, including markers of frailty,
but these assessments are not yet validated

Yes, including as part of
a composite/

multicomponent tool

HR-Qol (including impact of
treatment and disease

progression)

EQ-5D/EORTC-QLQ30

® Desired by patients, but EQ-5D not regularly used in clinical care.

® Other options might include wearable technologies (eg, fitness/mobility measures), clinical
measures (eg, hospitalization, length of stay, infection, and health-resource utilization).

® Access to GP records and natural language processing of clinical records could improve data
capture.

Yes, for all patients

Abbreviations: ADR, adverse drug reaction; CR, complete response; EORTC, European Organization for Research and Treatment of Cancer; EQ-5D, EuroQoL 5D tool; GP, general practitioner; HDT-ASCT, High-dose chemotherapy
followed by autologous stem-cell transplantation; HR-QolL, health-related quality of life; IMWG, International Myeloma Working Group; MRD, minimal residual disease; OS, overall survival; PET-CT, positron emission tomography-
computed tomography; PFS, progression-free survival; PR, partial response; RW, real-world; RWD, real-world data; RWE, real-world evidence; sCR, stringent complete response; ToT, time on treatment; TTNT, time to next treatment;

VGPR, very good partial response.
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Table 5 Clinical Expert Discussion of Potential Surrogate Endpoints in Multiple Myeloma: Relapsing or Refractory Patients

Key Measure

Clinical Trial Endpoint

RWD and RWE Discussions

Currently
Suitable as

a Surrogate

sible but not proven.

Potentially too many confounders in this popu-
lation to be meaningful, but the relapsing patients
should still be included in a TTNT assessment.

Endpoint?
Survival (oN ® OS is usually shorter in this population and | No, but RW
more likely to be the most meaningful outcome | assessment of OS
measure, if readout of survivorship is optimized. | should be improved
The justification for other endpoints, particularly
in relapsing/refractory patients, is less
compelling.
Duration of response | PFS2 ® Moderate to strong correlation with OS is pos- | Yes, but only for

relapsing patients

Kinetics of relapse

Response rate according to International
Uniform Response Criteria for Multiple

Myeloma, including sCR, CR, VGPR, and PR.

® Biochemical laboratory RWD on relapse
kinetics could be important but easier access is

required.

Yes, but only for
relapsing patients

Negative impact of
therapy

Safety assessments (ADRs) and treatment
tolerance (dose reductions/ treatment
discontinuation)

® |ncludes renal impairment, neuropathy, immu-
nodeficiency, infection, thrombosis, and
hospitalizations.

® Assess ToT in first-line assessments to evaluate
the impact of toxicities and consider timings of
cycles, treatment delays, and dose reductions.

® Trial composite endpoints could include rele-
vant assessments.

® Potential to also use recovery rates from HDT-
ASCT treatment, including markers of frailty, but
these assessments are not yet validated.

Yes, including as
part of

a composite/
multicomponent

tool

HR-Qol (including
impact of treatment
and disease

progression)

EQ-5D/EORTC-QLQ30

Desired by patients, but EQ-5D not regularly
used in clinical care.

Other options might include wearable technol-
ogies (eg, fitness/mobility measures), clinical
measures (eg, hospitalization, length of stay,
infection, and health-resource utilization).
® Access to GP records and natural language pro-
cessing of clinical records could improve data
capture.

Yes, for all patients

Abbreviations: ADR, adverse drug reaction; CR, complete response; EORTC, European Organization for Research and Treatment of Cancer; EQ-5D, EuroQoL 5D tool;
GP, general practitioner; HR-Qol, health-related quality of life; OS, overall survival; PFS2, time from randomization to progression on second-line therapy; PR, partial
response; RW, real-world; RWD, real-world data; RWE, real-world evidence; sCR, stringent complete response; TTNT, time to next treatment; ToT, time on treatment;
VGPR, very good partial response.

Potential challenges to the use of DFS as a surrogate endpoint are the lack of access to molecular marker RWD and
imaging data potentially being poor dependent on image scheduling and recording in NCRAS. The individual and
heterogeneous nature of LC is becoming increasingly recognized, and these data will be essential to effectively stratify
and identify specific patient cohorts based on the genetic drivers of their disease. In this vein, stage III disease was
considered by the clinical experts to be too heterogeneous and complex group to control for all the potential confounding

factors and, therefore, the use of these surrogate endpoints was not extended to this subgroup.
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Table 6 Discussion of Additional Potential Surrogate Endpoints in MM Based on RWD and RWE

Key Measure RWD and RWE Discussion Currently Suitable as a Surrogate Endpoint?
Markers of ® Considered important, potentially as a component of | Maybe, as part of assessment of previous treatment
immunological fitness other confounding factors.

Quantitative assessments | ® Important HR-QoL parameter that could be considered | Maybe, as part of assessment of HR-QoL
of physical fitness (eg, what are you able to do whilst on treatment?).

Biochemical identification | ® Risk-adapted disease management is becoming increas- | No
of frail patients (eg, MRP) ingly important.
® MRP could offer a biochemical indicator but has not been

validated as an outcome measure.

Functional consequences | ® May be a meaningful assessment as part of a composite | Yes, as part of biochemical assessment of relapse
of disease progression assessment in combination with relapse rate. kinetics and disease progression (as a composite or
(renal/anemia) ® Biochemical assessment of organ damage was proposed, | multicomponent endpoint)

including renal function, hemoglobin, calcium, and bone
disease (eg, skeletal-related events)

Abbreviations: HR-Qol, health-related quality of life; MRP, UK Myeloma Research Alliance Risk Profile. RWD, real-world data; RWE, real-world evidence.

Minimal Residual Disease

MRD has received considerable attention as a surrogate endpoint in MM®”-°® and LC (assessed by measurement of
circulating tumor DNA).%>""" However, measurement is reliant on emerging technologies in cytometry, PCR, and next-
generation sequencing that are time-consuming, expensive, and/or not readily available. How MRD status would
contribute to clinical practice and which method is preferable have also yet to be clearly established in these
diseases.”> MRD status might be of value in detecting relapse after surgery in LC,”® and has been demonstrated to
have prognostic value in both MM and LC.”*” Yet, this potential surrogate endpoint will continue to be somewhat
limited for MM until benefits to the patients in terms of influence on choice or timing of therapy are demonstrated. RWD
for this surrogate endpoint were deemed immature, largely owing to inconsistent timing of assays and variations in the
techniques used. However, although MRD was not recommended for either disease currently, it was reserved for special
mention as a potential option in these and other cancers in the future as the technology improves. Indeed, MRD-directed
therapeutic decision-making is already a clinical reality in acute and chronic myeloid leukemia. In acute myeloid
leukemia, MRD negativity is associated with improved outcomes’® and is considered when making decisions about
the intensity of treatment,”’ treatment intensification,”® and the need for stem-cell transplantation. In chronic myeloid
leukemia, MRD monitoring through quantitative PCR for BCR-ABLI transcripts is a cornerstone of treatment manage-
ment, informing decisions on treatment intensity, changes, and, in some cases, the safe discontinuation of therapy for

patients who achieve deep and sustained molecular responses.’’

Industry
Industry consultations indicated that surrogate endpoints are viewed as being beneficial, providing opportunities for
clearer understanding of disease characteristics and, thereby, predictive or prognostic factors, outcomes (including
toxicity), and options for treatment (duration, sequences, and management of adverse reactions). Schievink et al reported
similar enthusiasm by industry stakeholders.®

Importance was placed on the opportunities RWD provide to obtain information on outcomes in the many cancer
patients not eligible for clinical trials. Other noted benefits were the ability to assess longer-term outcomes in disease-free
patients, evaluate real-world mortality compared with the general population (or to identify a standardized mortality
ratio), and explore potential correlations between RWE and clinical trial surrogate outcomes, which could accelerate

understanding and acceptance of early endpoints.

Cancer Management and Research 2024:16 heeps: 801

Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(q

08

:sdyyy

91:470T Yo4easay pue uswadeuel Jadued)

Table 7 Clinical Expert Discussion of Potential Surrogate Endpoints in Lung Cancer: Stage | and Il Disease

Key Measure

Clinical Trial Endpoint

RWD and RWE Discussions

Currently Suitable as a Surrogate Endpoint?

Survival

oS

® OS is least meaningful in early-stage disease due to curative intent of
treatment and potentially long survival. It is also confounded by multiple
factors in RWD, many of which cannot be effectively measured.

® Measurement of disease/morbidity-related survival is essential.

® Recurrence-free survival can be very difficult to determine from RWD on
mortality.

® Quality-adjusted survival and age-related relative survival should also be
considered.

® Mortality rates and mortality per person-years (age standardized) could be
informative.

® Patients want to know the likelihood of survival by time and/or the

probability of death or disease status.

No, but RW assessment of OS should be improved

Recurrence of

DFS (increasingly accepted

® |mportant to determine effective personalized adjuvant therapies; must be

Yes, so long as it shows any magnitude of change/ differentiation

adjuvant treatments. Could consider correlating DFS/PFS to HR-Qol, par-
ticularly in early disease.
® PROs are not captured sufficiently to understand true impact on HR-QolL.
® (Classification by “health states” and assessment in studies might be useful
as a surrogate endpoint for HR-QoL.

disease/ by regulators) contextualized with data on patients’ characteristics and comorbidities.
duration of ® Frequency of scans to detect disease recurrence needs to be improved.
response ® Need to identify appropriate correlation factor to OS (eg, 2 years or 5

years).
Pathological Pathological stage/ ® TNM-PS staging remains the standard. No
assessments prognosis ® Combined endpoints could be informative for assessing predictive potential

of key assessments (eg, vascular invasion, volume doubling) but are still not

clearly defined.

® Reporting and standardization of data recording for other factors could be

improved.
Residual MRD negativity based on ® |Interesting preliminary data on the utility of ctDNA assessments but is still | No, but should undergo further exploration
disease assessments of ctDNA in very early stages of validation and potential clinical adoption.
assessments ® ctDNA has the clear potential to be much more sensitive at detecting the

presence of disease than a scan.
HR-QolL EQ-5D/EORTC-QLQ30 ® The link between DFS and long-term HR-QoL is important for early-stage | Yes, for all patients
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Other
prognostic
factors

Confounders often
“selected out” by trial
inclusion and exclusion

criteria

® |t may be difficult to subcategorize prognostic factors beyond TNM-PS and
even in composite measures this indicator appears to outweigh other
factors.

® FEarly detection of tumors is a known prognostic factor and potentially
indicates a more indolent tumor with better survival outcomes. Achieving
earlier diagnosis is important (eg, through more effective screening) and
tumor aggressiveness should be included in the prognostic assessment.

® Type of surgery/radiotherapy are also known as prognostic factors for
survival.

® PS is favored over frailty assessments.

® Collection methods need to be simple but ensure that the nuances may be
captured.

It was suggested that baseline characteristics and other key indicators
and indolence/ aggressiveness of the tumor could be used to place
surrogate endpoints such as DFS in context

Abbreviations: ctDNA, circulating tumor DNA; DFS, disease-free survival; EORTC, European Organization for Research and Treatment of Cancer; EQ-5D, EuroQol 5D tool; HR-Qol, health-related quality of life; MRD, minimal
residual disease; OS, overall survival; PRO, patient-reported outcome; PS, performance status; RW, real-world; RWD, real-world data; RWE, real-world evidence; TNM-PS, tumor node metastasis status and performance status.
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Table 8 Clinical Expert Discussion of Potential Surrogate Endpoints in Lung Cancer: Stage Ill Disease

Key Measure

Clinical Trial Endpoint

RWD and RWE Discussions

Currently Suitable as
a Surrogate Endpoint?

assessment approaches differ.

Pathological response assessments take a long and require specific training, which affects
applicability in clinical practice. What value data collected in a clinical trial setting and used in
the regulatory approval process offer to the clinical setting is unclear.
® Pathological assessment measures response only in resected tumors but not residual tumor

or micrometastatic disease

Survival (o ® OS is least meaningful as curative intent remains in this population. It is also confounded by | Not a surrogate endpoint, but
multiple factors in RWD, many of which cannot be effectively measured. RW assessment of OS should be
improved
Recurrence of disease DFS ® |mportant to determine effective personalized adjuvant therapies; must be contextualized | No
with data on patients’ characteristics and comorbidities, but morphological changes due to the
treatments can make the imaging difficult to interpret.
® Frequency of scans to detect disease recurrence needs to be improved.
® Need to identify appropriate correlation factor to OS (eg, 2 years or 5 years).
® Understanding of wider imaging modalities needs to be improved (eg, PET standardized
uptake values).
® Improved data on proportion of patients responding to treatment/extent of response would
be beneficial.
Pathological response Pathological response ® Whether major versus complete pathological response is most appropriate is unclear, and | No

Residual disease assessments

MRD negativity based on
assessments of ctDNA

® |[nteresting preliminary data on the utility of ctDNA assessments but is still in very early
stages of validation and potential clinical adoption.

® ctDNA has the clear potential to be much more sensitive at detecting the presence of
disease than a scan.

Should undergo further

exploration

Negative impact of therapy

Surgical/ radiotherapy
complications, ADRs, and

treatment tolerance

® Composite RW surrogates that offer a more comprehensive evaluation of the benefit and

adverse outcomes of treatments could provide clinical value but will be challenging to
undertake.

Likely too complicated to take
forward
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Overall QoL (including impact EQ-5D/EORTC-QLQ30 ® Lack of longitudinal data is a key issue. If measured in trials, data are generally not reported | Yes, for all patients
of treatment and disease or used.
progression) ® QALYs might offer a direct assessment pathway but require longer-term measurements of

HR-QoL.

® Collection methods need to be simple but ensure that the nuances may be captured.

® How regulators value HR-Qol needs clarification.

® New technologies, such as smart phone applications and wearables, could be important for
capture of QoL data.

® Access to GP records may be useful and natural language processing of clinical records could
be considered to improve capture of data.

Abbreviations: ADR, adverse drug reaction; ctDNA, circulating tumor DNA; DFS, disease-free survival; EORTC, European Organization for Research and Treatment of Cancer; EQ-5D, EuroQolL 5D tool; GP, general practitioner; HR-
Qol, health-related quality of life; QoL, quality of life; MRD, minimal residual disease; OS, overall survival; PET, positron emission tomography; PS, performance status; QALY, quality-adjusted life-years. RW, real-world; RWD, real-world
data; RWE, real-world evidence; TNM-PS, tumor node metastasis status and performance status.
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Box | Surrogate Endpoint Recommendations for Multiple Myeloma

The following surrogate endpoints were suggested by the clinical experts for further assessment:

In patients receiving first-line treatment (transplant eligible and ineligible) or experiencing an initial relapse from therapy:

I. Time to next treatment as an indicator of disease progression

2. Biochemical relapse kinetics by rate of rise of paraprotein or serum-free light chain, potentially alongside incorporation of biochemical indicators
of disease progression/organ damage as a composite assessment

In relapsed patients:

3. Additional measures to evaluate how well the patient tolerated/responded to previous treatment, eg, as part of a composite endpoint

In all patients:

4. Improved collection, evaluation, and use of longitudinal health-related quality of life (in the absence of overall quality-of-life surrogate endpoints) at
all stages of treatment. In the absence of patient-reported health-related quality of life, potential proxies for real-world data could be

hospitalization, infection, and health-resource utilization.

Box 2 Surrogate Endpoint Recommendations for Lung Cancer

In early-stage disease (stage | and II):

I. Disease-free survival through either the capture of i) a documented recurrence (scan or positive pathology); ii) a measure of the disease-free
period (eg, treatment change or initiation of a new therapy), or iii) death. (May also include assessment of patient notes in electronic health
records.)

In all patients:

2. Improved collection, evaluation, and use of longitudinal health-related quality of life data (in the absence of overall quality-of-life surrogate

endpoints) for all patients, but particularly during end-stage disease. In the absence of patient-reported health-related quality of life, potential

proxies for real-world data could be health needs assessments, number of drug therapies, and frailty indices.

The use of RWD was generally supported to provide comparative data in single-arm trials or for diseases with small
numbers of patients, support accelerated approval and outcomes-based pricing by enabling post-marketing analysis and
contribute to RCT design.

Several challenges to using surrogate endpoints were mentioned. Observational data cannot indicate causal associa-
tions and have high potential for bias, which could create challenges to revealing correlations between populations of
patients. RWD can be affected by structure, content, and coding systems, fragmentation, completeness, and timeliness.
Data accessibility due to governance and payment structures was also cited as an issue.

Access to imaging and genomic information with sufficient quantity and quality to enable the use of artificial
intelligence (eg, supervised or semi-supervised machine learning) was thought to be an important issue due to the
high monetary and time costs involved in generating new sets. In line with the other groups consulted, industry
representatives underscored that QoL metrics are poorly recorded. However, again, they noted that the efforts to collect
additional datasets could lead to additional stress on health systems.

Finally, although it was not suggested that surrogate endpoints in RWD could completely replace clinical trial data, it
was felt that they could help to overcome some of the challenges of continued requests for prospective trial data by
regulators and HTA appraisers. As mentioned by the clinical experts, a suggestion to improve the reliability of RWD —
and perhaps to strengthen the power of trials — was to incorporate relevant surrogate endpoints, such as biomarkers and

tests, into composite primary endpoints.

Conclusions

The discussions related to this work suggest that RWD and RWE, at least in theory, provide potential opportunities for
further evaluation of surrogate endpoints. Already, findings derived from the use of well-populated large datasets in the
USA have provided examples where specific real-world surrogate endpoints, such as PFS and time to progression, have
shown good correlation with real-world 0S.*”*® In the UK, challenges related to gaps in documentation, preservation,
and accessibility of critical data are important to address, as is the issue of identifying the types of data that various

806 hetps: Cancer Management and Research 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Baldwin et al @

stakeholders find most valuable. Standardization of terminology, frameworks for recording of data, and the development
of tools to capture broader characteristics, such as QoL, need to be further explored, validated, and implemented.
However, although it will take time to create sufficient new datasets, enhance those existing, and to link the data fully, we
believe that this is an opportune moment to explore ways to improve completeness, quality, and clinical and academic
relevance of RWD and maximize their relevance to patients. In turn, appropriately designed studies may facilitate the
development of biologically plausible and patient-focused surrogate endpoints that could support the requirements of all
stakeholders. Additionally, the patients’ representatives we engaged with offered clear perspectives on how RWD could
substantially enhance the treatment experience in ways not adequately captured by current clinical trials. Consequently,
establishing a data group consisting of patients and caregivers would markedly improve both the availability and the
relevance of pertinent data.
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