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Abstract: Mature overall survival (OS) data are often unavailable at the time of 
regulatory and reimbursement decisions for a new cancer treatment. For patients with 
early-stage cancers treated with potentially curative treatments, demonstrating an OS 
benefit may take years and may be confounded by subsequent lines of therapy or 
crossover to the investigational treatment. For patients with advanced-stage cancers, 
mature OS data may be available but difficult to interpret for similar reasons. There are 
strong opinions about approval and reimbursement in the absence of mature OS data, 
with concerns over delay in patient access set against concerns about uncertainty in 
long-term benefit. This position paper reflects our individual views as patient advocate, 
clinician or health economist on one aspect of this debate. We look at payer decisions 
in the absence of mature OS data, considering when and how non-OS trial outcomes 
could inform decision-making and how uncertainty can be addressed beyond the trial, 
supporting these views with evidence from the literature. We consider when it is 
reasonable for payers to expect or not expect mature OS data at the initial reimburse-
ment decision (based on criteria such as cancer stage and treatment efficacy) acknowl-
edging that there are settings in which mature OS data are expected. We propose 
flexible strategies for generating and appraising patient-relevant evidence, including 
context-relevant endpoints and quality of life measures, when survival rates are good 
and mature OS data are not expected. We note that fair reimbursement is important; this 
means valuing patient benefit as shown through prespecified endpoints and reappraising 
if there is ongoing uncertainty or failure to show a sustained benefit. We suggest that 
reimbursement systems continue to evolve to align with scientific advances, because 
innovation is only meaningful if readily accessible to patients. The proposed strategies 
have the potential to promote thorough assessment of potential benefit to patients and 
lead to timely access to effective medicines. 
Keywords: drug approval, endpoint determination, medical oncology, quality of life, 
surrogate endpoint, uncertainty
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Plain Language Summary
● Before patients can receive a new drug, regulators decide 

if it is safe and effective in treating the disease. Payers 
then decide if they will pay for the drug and, if so, at 
what price.

● For cancer drugs, payers prefer to make decisions based 
on overall survival (OS) results. This is a measure of how 
long patients live after starting treatment. However, it may 
take many years to collect OS data. For example, patients 
with early-stage cancers may live for a long time with 
effective treatment. In addition, benefit can be difficult to 
measure if patients subsequently receive numerous other 
therapies.

● If payers wait for long-term OS data, patients have to 
wait to access the new treatment, even when regulators 
have decided that it is safe and effective. As a result, 
some patients may die while waiting. On the other hand, 
if payers do not have long-term OS data, they risk 
paying for a treatment that is not as effective as they 
had hoped.

● We use our individual views as a patient advocate, clinician 
or health economist to suggest how payers, clinicians, 
manufacturers and patients can work together to help 
patients access potentially life-extending drugs and payers 
spend money wisely.
○ We recommend using a range of clinical measures which 

can be measured earlier than OS, including delayed dis-
ease progression and improved quality of life.

○ We propose using methods to manage uncertainty, for 
example agreements between payers and pharmaceutical 
companies that are based on patient outcomes.

● We suggest that payers evolve their decision-making so it 
aligns with advances in science. Innovation in new treat-
ments is only meaningful if readily accessible to patients.

Introduction
Extending overall survival (OS) is an important treatment 
goal for many therapies in oncology. In clinical trials, OS 
is widely considered as the endpoint that is most valued by 
patients, clinicians, regulators and payers (see Box 1 for 
common definitions). However, mature data on OS (eg, the 
median) are often not available at the time when reimbur-
sement authorization decisions for new therapies are being 
made. In early-stage disease, when survival times are 
longer, proving an OS benefit can take a long time or 
may not be possible at all as therapies become more 
effective. In other cases, when cancer is advanced and 
a cure is unlikely, many patients will not survive long 
and OS data may be available relatively rapidly. 
However, even in late-stage disease, it may be difficult to 
interpret these data because it is hard to separate out the 
effect of a new treatment on OS when multiple subsequent 
lines of therapy have been used, or when patients on 
standard of care cross over to the new treatment either 
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during or after the trial.1 A tension then emerges between 
wanting to know whether, and by how much, a new treat-
ment impacts on OS and needing to wait, sometimes for 
years, to obtain this information; or possibly never know-
ing with certainty. This tension is particularly acute for 
payers; given their primary objective of achieving the most 
health gain from their available budget, they need to be 
confident that the new treatment is providing value in 
terms of length of life, quality of life (QoL) or, ideally, 
both. There are strong opinions about approval and reim-
bursement in the absence of mature OS data, reflecting the 
high stakes at play, with concerns over delay in patient 
access set against concerns about the potential for treat-
ments not to fully provide this anticipated benefit after 
longer follow-up and mature data.2,3 As payers have 

accountability to weigh the patient health benefit of new 
medicines against budget requirements, we see differences 
in expectations for OS among payers, and between payers 
and other stakeholders.4–6 In some cases, we see that 
regulators, clinicians and patients place different values 
on non-OS endpoints from payers.3,7,8 This can lead to 
delayed access to regulatory-approved novel treatments, 
and in some cases eligible patients could die while these 
decisions are being made.9 Time to reimbursement can 
differ significantly across health systems10 and some coun-
tries have implemented schemes to shorten the time to 
access;11 however, schemes cover only some geographic 
regions and selected patients and are often not directly 
related to how payers appraise endpoints beyond OS.

Addressing and resolving the “OS impasse” is now 
more important than ever. Science is moving ahead 
quickly: our understanding of the complex molecular biol-
ogy underlying different cancers is growing, and innova-
tive, often personalized, new treatments are being 
developed. These advances, combined with earlier diag-
nosis and treatment, mean that patients are living longer 
with cancer or following cancer and it is increasingly 
difficult to present mature OS data at regulatory approval. 
Payer approval still, however, remains a requirement for 
translating innovation into better outcomes for patients and 
healthcare systems.12

We have developed this position paper, taking our 
individual views gained from our experience as a patient 
advocate, clinician or health economist supported by evi-
dence from the literature, and we focus on one aspect of 
this “OS impasse”. We look at payer decision-making in 
the absence of mature OS data, considering when and how 
non-OS trial outcomes could inform decisions and how 
uncertainty can be addressed beyond the trial. Our aim is 
collaborative, to work alongside payers and other stake-
holders to reach a consensus on when it is appropriate to 
consider alternative endpoints in place of OS if mature OS 
data from clinical trials are not reasonably available; this 
means ensuring that evidence is relevant and that the 
uncertainty and risks faced by patients, clinicians, payers 
and manufacturers is mitigated. Our focus is evidence and 
endpoints, and our aim is for these considerations to apply 
across appraisal systems, whether based on cost- 
effectiveness or clinical/comparative effectiveness. While 
acknowledging the importance of drug pricing in decision- 
making and the trends in healthcare expenditure on cancer 
treatments,13 we do not address these aspects in this paper.

Box 1 Definitions

Regulator: here, refers to medicines licensing agencies, such as the 

US Food and Drug Administration (FDA) and the European Medicines 
Agency (EMA). 

Payer: here, refers to post-regulatory agencies involved in the 

funding and reimbursement of healthcare services or drugs, such as 
national health technology assessment (HTA) agencies and local 

funding/access decision-makers. 

Endpoints: used in a clinical trial setting to evaluate whether a drug 
provides a clinical benefit.13 See the CBER/CDER guidelines for an 

overview for cancer drugs and biologics.14 Intermediate or biomarker 

endpoints can be endpoints in their own right or can be considered as 
surrogates when used to substitute for OS or other endpoints in 

clinical trials. 

Overall survival (OS): the time from randomization until death 
from any cause. Maturity in OS is often defined by median OS, the 

time at which the Kaplan–Meier survival curve crosses the 50% 

cumulative survival probability.15 Note that median OS does not 
always fully assess the OS benefit, for example when a proportion of 

patients has a long survival time (‘tail of the curve’ phenomenon; eg, in 

immuno-oncology trials).16 In these cases, landmark analysis can be 
used.17 

Surrogacy: endpoints can substitute for OS or other final endpoints 

if they are validated, ie they have shown statistical correlation with 
treatment effect for the specific setting and patient population.18 This 

means that an endpoint may be a surrogate in one disease setting but 

not another. 
Managed entry schemes: financial agreements between 

manufacturers and payers to allow introduction of innovative 

medicines while managing uncertainty around the treatment’s financial 
impact or clinical evidence. Managed entry schemes may encompass 

patient access schemes, risk-sharing agreements, payment by results 

and performance-based risk-sharing agreements.

Abbreviations: CBER, Center for Biologics Evaluation and Research; CDER, 
Center for Drug Evaluation and Research.
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Decisions are Increasingly Being 
Made Without Mature OS Data
Many regulatory and payer agencies consider OS as the most 
reliable and preferred endpoint (Table 1).14,19 Regulators 
acknowledge that the disease setting determines how 

endpoints can be considered for approval – the US Food and 
Drug Administration (FDA) notes that endpoint selection is 
highly dependent upon factors such as effect size and duration, 
depth of response, available therapy, location of disease, and 
the consequences of delaying or preventing disease 

Table 1 Sample of Regulators’, Payers’ and Clinical Societies’ Positions on Types of Endpoints

Agency Region/Country Stated Position

Regulators

EMA, 201719 Europe ● OS is the most persuasive endpoint 

● Prolonged PFS or DFS are in most cases considered relevant measures of patient benefit, but 
the magnitude of the treatment effect should be sufficiently large to outbalance toxicity and 

tolerability problems

FDA, 201814 USA ● OS is the most reliable and preferred cancer endpoint 

● Endpoints based on tumor assessments (DFS/EFS, ORR, CR, TTP and PFS) can be important

Payers and HTA agencies

EUnetHTA, 201529 Europe ● OS is the preferred clinical endpoint 
● PFS is an acceptable endpoint   

– for cancer trials in the adjuvant, but not the metastatic, setting 

– if there is a strong association between the effect of the surrogate and the effect on the 
final endpoint of interest

ICER, 202030 USA ● Direct OS measurement preferred 
● If surrogate outcomes are used, they need to be validated

IQWiG, 201731 Germany ● Most endpoints are not good surrogates for OS and may be unreliable and misleading 
● Surrogates are only considered if they have been validated by appropriate statistical methods 

within a sufficiently restricted patient population and within comparable approved interventions

NICE, 2012,32 201933,a England ● Surrogates may be used to infer the effect of treatment on mortality and HRQoL, if evidence in 

support of surrogacy is provided 

● A modeling framework is required to establish the strength of the surrogate relationship 
between the treatment effects on the surrogate and the final outcome, and to explore the 

uncertainty related to it

PBAC, 201634 Australia ● Submissions should not rely on surrogacy for effectiveness

Clinical societies

ASCO Value Framework Net Health Benefit 

(ASCO-NHB)35 USA

Assesses the relative value of cancer therapies by assigning a net health benefit score, depending 

on the treatment’s clinical benefit, toxicity and symptom palliation 
● The framework puts weight on OS and toxicity; therapies without significant OS or DFS/EFS 

benefit (improved median values or hazard ratios) are marked down 

● Bonus points are awarded for tail of the OS curve

ESMO Magnitude of Clinical Benefit Scale 

(ESMO-MCBS)36,37 Europe

Ranks cancer treatments by benefit, ie whether patients lived longer (improvement in OS or 

surrogate for OS) or better (improvement of QoL or surrogate for QoL, or reduced toxicity) 
● Treatments without mature OS data or those without OS as an endpoint are scored lower

Notes: aNew guidance is being developed and is, at the time of writing, in the consultation phase.38. 

Abbreviations: ASCO, American Society of Clinical Oncology; CR, complete response; DFS, disease-free survival; EFS, event-free survival; EMA, European Medicines 
Agency; ESMO, European Society for Medical Oncology; EUnetHTA, European Network for Health Technology Assessment; FDA, Food and Drug Administration (USA); 
HRQoL, health-related quality of life; HTA, health technology assessment; ICER, Institute for Clinical and Economic Review (USA); IQWiG, Institut für Qualität und 
Wirtschaftlichkeit im Gesundheitswesen (Germany); NICE, National Institute for Health and Care Excellence (England); ORR, overall/objective response rate; OS, overall 
survival; PBAC, Pharmaceutical Benefits Advisory Committee (Australia); PFS, progression-free survival; QoL, quality of life; TTP, time to progression.
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progression or delaying use of subsequent toxic therapies.14 

These considerations are arguably broader than those 
employed by payers, and regulatory decisions are made with-
out mature OS data for the majority of FDA and European 
Medicines Agency (EMA) oncology approvals. More than 
70% of FDA adult cancer drug approvals between 2006 and 
2017 were based on progression-free survival (PFS) and 
relapse-free survival.6 Similarly, an analysis of EMA 
approvals for oncology treatments between 2014 and 2017 
showed that in 34 of 88 (39%) marketing authorization appli-
cations, OS data were immature at the time of approval.20 

Payer guidelines have stated a clear preference for mature OS 
data when appraising cancer drugs for reimbursement 
(Table 1). Across cancer types, payer organizations (eg, 
Germany’s Federal Joint Committee [G-BA], the Spanish 
Agency of Medicines and Medical Products [AEMPS] and 
England’s National Institute for Health and Care Excellence 
[NICE])21–26 have critiqued the absence of mature OS data 
when appraising new therapies, in some instances denying, 
restricting or delaying patient access; in other instances, pro-
viding access despite criticizing the evidence.27,28

Consequences of Decision-Making in 
the Absence of Mature OS Data
When improvement in OS is an important goal of ther-
apy, decisions made in the absence of mature OS data 
come with risk and uncertainty, which can take different 
forms for different stakeholders. When the decision leads 
to no or delayed access, some patients can die waiting for 
OS to be demonstrated (see Box 2 for an example), while 
others can lose the option to benefit from potentially life- 

extending future treatment (loss of option value).39,40 

This can lead to patients, clinicians and payers accepting 
methods to manage uncertainty. Both the American 
Society of Clinical Oncology (ASCO) and the European 
Society for Medical Oncology (ESMO) have developed 
tools to help assess the relative benefit of cancer therapies 
(see Table 1). However, these frameworks do not directly 
address how to enable patient access without mature OS 
data, in part because they are not regularly used by 
healthcare decision-makers, but also because of the 
focus on trial data rather than evidence beyond trials. 
Several countries have implemented schemes to shorten 
the time to access, such as reimbursement before the 
pricing decision (eg, in Germany) or early access (eg, 
Temporary Use Authorizations in France); elsewhere, 
coverage may be gained rapidly following regulatory 
approval (eg, in the USA and Japan).11 Some countries 
have schemes to address uncertainty specifically around 
cancer drugs (eg, Cancer Drugs Fund in the UK). 
However, we note that these schemes cover only some 
geographic regions and selected patients, and are not 
directly related to how payers appraise endpoints beyond 
OS.

Although there have been advances in supporting 
patients in accessing new cancer medicines, we must 
acknowledge that early access comes with the risk of 
patients experiencing adverse events or inconvenience for 
no meaningful gain in length or QoL. Some of these risks 
can be mitigated through rescinding approval for drugs 
that do not show sustained patient benefit. This was seen 
in early 2021 when approval was withdrawn across 
a limited number of indications granted through the FDA 
Accelerated Approval Program, for which the drugs had 
not met post-marketing requirements.41,42

There are also financial consequences to decision- 
making. A consequence of reimbursement when value is 
not established is the use of healthcare budget that could 
have been used on more effective therapies.2,43,44 

A further financial consequence of delayed access is the 
lower than expected revenue for the manufacturer; this is 
felt immediately by the manufacturer but also has a longer 
term impact on patients because it puts at risk the devel-
opment of new, innovative drugs, which is often cost- 
intensive.45

To manage risks from payer coverage of new treat-
ments while supporting early access, when possible, we 
first need to agree when it is reasonable to expect mature 
OS data and when it may not be.

Box 2 Example for Impact of Earlier Time to Reimbursement for 
Patients

An analysis published by the European Federation of Pharmaceutical 
Industries and Associations (EFPIA) in 2020 estimated the impact on 

patients of time to reimbursement in six European countries.9 

Compared with the actual situation, it was estimated that very early 
reimbursement (at the time of European marketing authorization) of 

midostaurin for acute myeloid leukemia (AML) would have led to 

1689 additional patients receiving treatment, living for an additional 
6910 years; less rapid access (180 days after marketing authorization) 

was estimated to lead to 369 more patients receiving treatment, living 

for an additional 1509 years. 
Note that an EU Transparency Directive stipulates that decisions on 

joint pricing and reimbursement of medicines should be made within 

180 days of dossier submission.46
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Considering When Mature OS Data 
are, or are Not, Expected for Initial 
Reimbursement Decisions
There can be no simple rule as to when payers should 
expect mature OS data. However, considerations based on 
criteria such as cancer stage/disease setting, treatment 
efficacy and trial design can help to inform when demon-
strating an OS benefit may be difficult to achieve. We have 
suggested considerations that might be applicable, to dif-
fering extents, across many clinical settings (Table 2). We 
have combined these and outlined three broad scenarios 
regarding expectations of mature OS data being available.

● Scenario 1: Median OS data are available at first 
pricing and reimbursement negotiations. Examples 
of this scenario are metastatic cancers with few treat-
ment options, or rapidly progressing disease such as 
small-cell lung cancer. In such scenarios, median OS 
data are regarded as sufficiently mature by many 
payers, and final survival may be estimated through 
statistical extrapolation of survival curves. Other 
approaches to inform decisions in the absence of 
mature OS data are often not required in this sce-
nario. Payers may still consider the patient relevance 
of non-OS endpoints, such as PFS, disease-free sur-
vival (DFS), QoL and toxicities.

● Scenario 2: Limited OS data are available at first 
pricing and reimbursement negotiations, and mature 
OS data are expected within the therapy life cycle 
(before the therapy is off-patent or superseded). 
Examples based on today’s treatments are metastatic 
diseases with several lines of therapy still available 
or progressive diseases, such as locally advanced 
non-small-cell lung cancer (NSCLC), after chemor-
adiation. In such scenarios, payers should consider 
the patient relevance of non-OS endpoints, such as 
PFS, DFS, QoL and QoL related to toxicities. Other 
approaches include statistical inference to estimate 
OS, surrogacy for OS, utilizing RWE and managed 
entry agreements, with the choice of approach partly 
depending on the maturity of the data. Treatment 
crossover and switching can make statistical infer-
ence and other approaches more challenging.

● Scenario 3: Incomplete or no OS data are available at 
first pricing and reimbursement decisions, or during 
the therapy life cycle. Examples include indolent and 

potentially curative cancers such as early luminal 
A breast cancer, and trials in which early unblinding 
prevents OS data maturity from being reached. In such 
scenarios, the intrinsic value of context-relevant and 
patient-relevant endpoints that reflect how the patient 
feels or functions47 (eg, PFS, DFS and QoL or patient- 
reported outcomes) will need to gain increasing 
weight in payer assessments. This can be as endpoints 
in their own right, as reflected in the ASCO Value 
Framework Net Health Benefit (ASCO-NHB)35 and 
ESMO Magnitude of Clinical Benefit Scale (ESMO- 
MCBS),36,37 with assessment of which endpoints are 
most appropriate in a given disease context (prefer-
ably through a well-designed core outcome set).48 

Surrogates for OS may also be appropriate; however, 
approaches to assess the correlation between surrogate 
endpoints and OS may rely on data from similar drugs 
or drug classes or have high associated uncertainty.

Across these scenarios, we note the roles the product label and 
European Public Assessment Report (EPAR) can play in 
providing clear, non-technical communication of the available 
OS data, describing the magnitude of benefit as well as the 
level of immaturity or confounding. We also note the role of 
the manufacturer in continued OS data collection and com-
munication after regulatory and payer approval, within or 
beyond the trial when feasible. We endorse the use of robust 
trial designs to limit bias and to achieve a high methodological 
quality of pivotal trials, which has been widely debated in the 
literature.49,50 This includes ensuring OS data are available for 
safety assessment in relevant settings.

We propose that when OS data are not available or are 
limited at the time of the initial pricing and reimbursement 
decision, this should not itself prevent patient access, provided 
other meaningful and patient-centered benefits have been 
demonstrated, which have been pre-specified and included in 
the trial design. We need to agree on how to appraise drugs in 
these scenarios, noting that the need for decision-making with-
out mature OS data is likely to increase in the future; particu-
larly as therapies are used in earlier disease settings or become 
curative. This means a specific disease setting could evolve as 
the science advances, from one in which mature OS data are 
expected at launch to one in which collection of mature OS 
data are not considered feasible. This development could 
resemble changes seen in other disease areas, for example 
human immunodeficiency virus (HIV)/acquired immune defi-
ciency syndrome (AIDS) (Box 3).
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Table 2 Considerations When Proving an OS Benefit is Difficult to Achieve or is Not of Primary Relevance to Patients

Consideration Factors and Examples

Indolent disease therapies Patients will have long life expectancy, with OS highly relevant to patients but requiring a long duration 
of follow-up to assess 

For example, in chronic lymphocytic leukemia, life expectancy often reaches 10 years or more; here, PFS 

and minimal residual disease are relevant endpoints51,52 accepted by regulators

Early-line therapies Patients have long life expectancy requiring a long wait to assess OS data, which may be confounded by 

treatment with other therapies 
Patients may value highly time before progression, for example, if they experience more symptoms or 

receive more intensive therapies post-progression (eg, chemotherapy after endocrine-based therapy in 

HR+ metastatic breast cancer), making endpoints such as PFS/DFS highly relevant

Palliative therapies or when OS is not 
the goal

Patients may prioritize experiencing fewer side effects or a better QoL and symptom improvement over 
OS gain. So, although OS gain may be shown, it is important that trials evaluate endpoints relevant for 

the specific setting and therapy 

For example, in pancreatic cancer, relief of disease-related symptoms was measured using clinical benefit 
response, in which gemcitabine achieved 24% compared with 5% for 5-FU (p = 0.0022). The median 

survival was 5.65 months for gemcitabine compared with 4.41 months for 5-FU (p = 0.0025)53

Early unblinding Trials that show an early signal of strong benefit may be stopped early and automatically unblinded,54 

limiting the ability to show OS gain, because the control group will be treated differently after unblinding 

(eg, crossover will be allowed) 
For example, in the Phase 3 trial of osimertinib, unblinding was recommended by an Independent Data 

Monitoring Committee after the drug showed “overwhelming efficacy” in patients with Stage IB, II and 

IIIA epidermal growth factor receptor-mutated NSCLC with complete tumor resection55

Confounded treatment effect Trials with crossover, or in which the study treatment is followed by several lines of different therapies, 

can have a confounding treatment effect on OS, making it difficult to identify how much OS gain can be 
attributed to the treatment of interest; although statistical methods have been developed56,57 

For example, in a phase 3 trial with the PARP inhibitor olaparib in patients with ovarian cancer with 

a BRCA1 or BRCA2 mutation, median OS did not reach significance vs placebo (HR for death, 0.74; 95% 
CI: 0.54–1.00; p = 0.054); after adjusting for the 38% of patients in the placebo group who received 

subsequent PARP inhibitor therapy, the HR was 0.56 (95% CI: 0.35–0.97)58

Rare cancers (single-arm trials or trials 

with low power)

Difficulty in recruiting patients to trials can lead to single-arm trials or trials with low power that are 

unlikely to show statistical differences in OS between treatments 

As well as rare cancers, use of very detailed inclusion and exclusion criteria (eg, requirements for the 
presence of baseline predictive factors or previous therapies) or selection for rare mutations can lead to 

small population sizes and low power 

For example, the FDA granted accelerated approval for brentuximab vedotin in anaplastic large cell 
lymphoma based on a single-arm multicenter clinical trial of 58 patients after failure of at least one prior 

chemotherapy regimen. The primary endpoint, objective response rate by independent review, was 86% 

(95% CI: 77–95%) with a median duration of 12.6 months59

Curative or approaching cure For curative therapies, the active treatment arm of the clinical study would reflect the normal life 

expectancy of the population 
For example, the life expectancy of men with a diagnosis of testicular cancer at 30 years of age is 2 years 

less than cancer-free men of the same age, and the difference approaches zero with increasing survival 

time60 

As the science of oncology advances, we would expect to see more therapies and disease areas fall into 

this scenario

Abbreviations: 5-FU, 5-fluorouracil; CI, confidence interval; DFS, disease-free survival; FDA, Food and Drug Administration (USA); HER2, human epidermal growth factor 
receptor 2; HR, hazard ratio; HR+, hormone receptor-positive; NSCLC, non-small-cell lung cancer; OS, overall survival; PARP, poly (ADP-ribose) polymerase; PFS, 
progression-free survival; QoL, quality of life.
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Supporting Decision-Making in the 
Absence of Mature OS Data
When no or immature OS data are expected at the time of the 
initial reimbursement decision, alternative approaches for 
assessing clinical benefit are required and appropriate end-
points should be pre-specified during clinical trial design. We 
suggest approaches below, noting their applicability according 
to OS data availability. We do not expect all approaches will be 
used across the three scenarios described previously – for each 

scenario there will be a limit to how much value additional 
information will provide, relative to the financial impact of the 
decision (we note, value of information analysis can in some 
circumstance help to assess the expected gain from reducing 
uncertainty and the cost-effectiveness of further research).65

Context-Relevant Endpoints
Endpoints that measure disease status and/or how patients 
feel and function have intrinsic value and stand “in their 
own right”, rather than through an association of how long 
the patient survives (ie, OS). For example, patients may 
value relief from pain, avoidance of particular symptoms 
or adverse events, or simply being “cancer free”, and these 
preferences should be ascertained for distinct patient 
groups. Patient-relevant endpoints can be based on tumor 
assessments, symptom or toxicity assessment, or QoL, 
with these endpoints being powered in clinical trials and/ 
or being part of a core outcome set (Table 3).48 We 
recommend defining the importance of context-relevant 
endpoints by setting (as outlined in Table 2) through 

Box 3 Example of a Progressive Shift Away from OS

When AIDS was a life-threatening diagnosis with extremely poor 

survival, survival was the most relevant endpoint.61 Through advances 
in antiretroviral therapy, HIV infection is now a chronic, manageable 

condition, and life expectancy is similar to the general population.62 

Today, CD4 cell count and viral load are considered clinically relevant 
endpoints, and QoL outcomes are prioritized.63,64 It is likely that 

many cancers will also become chronic diseases with long survival 

with novel therapies.

Abbreviations: AIDS, acquired immune deficiency syndrome; HIV, human immu-
nodeficiency virus; OS, overall survival; QoL, quality of life.

Table 3 List of Endpoints to Consider as Potential Valid Measures of Efficacy

Endpoint Definition

(p)CR (Pathologic) complete response: defined as the disappearance of all signs of cancer in response to treatment

EFS/DFS/ 

RFS

Event-free survival/disease-free survival/relapse-free survival: defined as the time from cancer treatment end to the appearance of 

first signs or symptoms of that cancer, or the appearance of first complications that the treatment was intended to prevent/delay, or 
death from any cause 

EFS is normally used in the neoadjuvant setting and DFS is used in the adjuvant setting

iDFS/MFS Invasive disease-free survival: defined as the time between randomization and first invasive disease recurrence; primarily used in 

studies of patients with breast cancer 

Metastasis-free survival: defined as the time from start of treatment for cancer that a patient is still alive and the cancer has not 
spread to other parts of the body; primarily for patients with prostate cancer

MRD Minimal residual disease: defined as the small proportion of cancerous cells that may remain after treatment when the patient shows 
no signs or symptoms of the disease; primarily used in trials with patients with hematologic malignancies

ORR Overall/objective response rate: defined as the proportion of patients with a confirmed response of complete or partial response 

(usually tumor size reduction)

PRO Patient-reported outcome: can directly measure clinical benefit (severity of cancer symptoms) 

Evaluated using validated measures that are routinely incorporated into clinical trial design, such as EQ-5D or SF-36 

Some endpoints include a QoL component, such as TWiST (time without symptoms of disease and toxicity of treatment) or QAPFS 
(quality-adjusted PFS) 

NB: capturing QoL endpoints and powering for them may not always be feasible in RCTs; a high follow-up rate is needed for 

questionnaires

PFS Progression-free survival: defined as the time from randomization to the date of first disease progression or death 

Related measures include PFS2 (time from randomization to tumor progression on next-line treatment or death from any cause), 
TTD (time to treatment discontinuation) and TTNT (time to next treatment)

Notes: Based on the FDA’s table of important cancer approval endpoints79 and the National Cancer Institute dictionary of cancer terms.80. 

Abbreviations: EQ-5D, 5-dimension EuroQol questionnaire; FDA, Food and Drug Administration (USA); PRO, patient-reported outcome; QoL, quality of life; RCT; 
randomized controlled trial; SF-36, 36-item short-form health survey.
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consultation with patients. We note also that statistical 
approaches such as generalized pairwise comparison can 
be used to assess net benefit across several outcomes 
allowing secondary endpoints a greater weight in the 
decision.66 Furthermore, we encourage HTA agencies to 
define and adopt prespecified core sets of outcomes that 
cover a variety of target domains beyond mature OS. 
Asking patients what they value and quantifying the out-
come provides meaningful information for decision- 
making and we discuss tumor assessment, QoL, symptoms 
and toxicity endpoints below, noting that other endpoints 
can be considered context relevant.

Tumor assessment: endpoints related to disease can 
have a strong biological rationale – for example, showing 
that a tumor has responded to treatment or not progressed, 
and this rationale can be very specific to the setting. 
A demonstrable response to therapy can be associated 
with improved symptoms and functioning and bring 
other advantages, such as significant influence on quality 
of life in metastatic breast cancer,67 or strong psychologi-
cal benefit in neoadjuvant breast cancer (from achieving 
pathologic complete response, as reported during an HTA 
decision committee).68,69 Conversely, tumor progression 
was associated with substantial worsening in QoL in 
advanced breast, pancreatic, lung or colorectal cancer.70

Similarly, event-free survival and DFS can be direct 
measures of clinical benefit (if toxicity does not cause 
detriment in QoL), for example, indicating longer time 
free of metastasis.71

QoL, toxicity and symptoms: living better is an impor-
tant potential benefit from cancer treatment, alongside the 
potential to live longer,37 and QoL is a recognized 
patient-relevant endpoint in its own right.31 Endpoints 
relating to toxicity and symptom control can also be 
highly relevant when measuring features of disease or 
treatment that are important to patients.69 The analysis 
and interpretation of QoL measures can, however, limit 
comparison between trials.72 For use in decision-making, 
QoL endpoints need to be prospectively incorporated into 
the trial to answer a well-defined research question, have 
adequate statistical power and limited missing data points, 
and the instrument selected according to the patient popu-
lation and the objectives of treatment (eg, see considera-
tions in ovarian cancer).72–75 We note that patient QoL 
and function can also have a profound impact on care-
givers, with deteriorating functionality associated with 
increased caregiver burden.76 When considering the toxi-
city of a treatment, the severity, timing and duration of 

adverse events can all be important, and we need to work 
with patients to understand these factors in different dis-
ease and treatment settings.77 In some settings, patients 
are willing to trade significant PFS time for reductions in 
treatment-related toxicity, showing the importance of 
toxicity endpoints.78

Overall, we reinforce the importance of reaching inter-
national agreement on the use of accepted patient-relevant 
endpoints so that prospective trials can be planned, based 
on criteria accepted across HTAs. The effect size for 
decision-making will depend on the setting and is not 
discussed here.

Surrogacy
Endpoints can substitute for OS or other endpoints if they 
are validated, ie, they have shown statistical correlation 
with treatment effect for the specific setting and patient 
population. In some settings, the validity of an endpoint as 
surrogate for OS has been shown;81 however, surrogacy in 
one disease setting will rarely translate to other settings. 
Surrogacy is generally accepted by HTA bodies when 
validated for the treatment, setting and patient group of 
interest.82 However, in practice, surrogacy for OS is often 
difficult to prove at the time of initial reimbursement – it is 
seldom possible to show a robust correlation between the 
treatment effect on the surrogate and the treatment effect 
on OS within the same treatment class and indication – 
especially if the new treatment is the first in class. We 
recommend further research into surrogate validation, 
focusing on sharing trial participant data and on reducing 
prediction uncertainty.18,83 Understanding which endpoints 
have been used, when standardized definitions are not 
followed, is an additional complexity. We recommend the 
use of standard definitions for endpoints to optimize the 
comparison of studies and improve surrogate analyses.

There is general agreement on validation methodology 
using a three-step process of establishing the level of 
evidence, assessing the strength of association, and quan-
tifying the relation between the surrogate and the final 
outcome.84 Full statistical validation is required before 
a surrogate for OS can be recognized, although HTA 
organizations’ handling of surrogate endpoints varies 
greatly, with inconsistency in what is considered a robust 
validation approach.85–87 Indeed, most HTA agencies do 
not provide guidance on how to evaluate surrogates for OS 
or other non-OS outcomes.82 We suggest that the frame-
work for validation requires some flexibility in settings in 
which clinical evidence is limited to a small number of 
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studies, or a single study, such as can be the case for 
therapies that are first-in-class, for rare tumors or for 
specific genotypes, in which the highest level of statistical 
validation may not be possible.

Statistical Inference
When limited OS data are available, statistical methods 
can be used to adjust for uncertainty in the available 
evidence. Methods to adjust for treatment crossover can 
provide close approximations of the true treatment effect, 
limiting uncertainty from confounding;56,57 however, these 
techniques are by no means perfect, and will not always 
remove confounding variables, so they are to be used with 
caution. Extrapolation of the Kaplan–Meier curve for OS 
can estimate treatment effect beyond the time frame of the 
trial and is a method accepted by some HTA agencies.1 

There is evidence that this method can be accurate and 
even conservative in certain settings, with the OS benefit 
projections being less than the true benefit;88 a study sum-
marizing 11 cancer immunotherapy submissions to NICE 
found that the initial extrapolation tended to underestimate 
OS by 0.4–2.7%, depending on the assessment method 
used.89 There was a similar finding when replicating an 
economic model that was based on extrapolated OS data 
(for relapsed, platinum-sensitive, BRCA mutation-positive 
ovarian, fallopian tube and peritoneal cancer) in which the 
patient benefit estimated with early data (~3.5 years of 
follow-up) was approximately half the patient benefit esti-
mated when more mature data were available (~6.5 years 
of follow-up).90

Use of Additional Evidence Gathered 
Outside of Clinical Trials
RWE and post-marketing data collection are becoming 
increasingly important when limited OS data are available 
from a trial (see Box 4 for an example). These are expected 
after the initial payer decision, and at times are coupled with 

a managed entry agreement.91,92 Data collected beyond the 
clinical trial setting, such as through central registries, are non- 
randomized and can be subject to limitations, but can include 
more patients in the usual care setting who are potentially 
followed for longer than in a trial, reducing uncertainty from 
trial data93 and supporting treatment optimization.94 Indeed, 
even when trial OS data are mature or not confounded, RWE 
remains informative for these reasons, identifying potential 
gaps between efficacy and effectiveness; for example, due to 
differences in patient characteristics and the delivery of care 
between settings.95 An ongoing challenge is to limit delays in 
starting real-world studies, with the aim to start collecting 
RWE close to the time of regulatory approval.

RWE can also support statistical inference to build 
predictive models of OS according to different patient 
profiles, and HTA agencies are actively encouraging 
early dialog to align on RWE data collection.96

Managed Entry Agreement Schemes
Managed entry agreements are an option to consider to 
grant patient access to promising therapies when uncer-
tainty about patient benefit is high and the scheme is 
feasible. An example of this approach is provided by the 
post-2016 UK Cancer Drugs Fund, a financial program 
that allows initial access to a new, promising treatment 
while additional confirmatory evidence is being generated, 
often as RWE, with appraisal of this evidence 
a requirement for continued funding. This access is time- 
limited, and renewal is contingent on the manufacturer 
showing evidence of cost-effectiveness based on addi-
tional data. In France, the Temporary Authorization for 
Use (ATU) program allows access to new treatments 
before marketing authorization if the new therapy is for 
a serious or rare indication for which there are no other 
appropriate therapies available for in France.

Next Steps: Evolving the HTA 
Process to Align with Advances in 
Oncology and to Focus on Patient 
Need
We have combined the patient advocate, clinician and health 
economist viewpoints to suggest when and how trial out-
comes other than OS could inform decision-making and how 
uncertainty can be addressed for investigational agents that 
have regulatory approval without mature OS data at the time 
of appraisal for reimbursement. Alignment among stake-
holders is central to this and, as a first step, we suggest the 

Box 4 Example of Clinical Benefit Shown with RWE

While the PALOMA-2 study of first-line palbociclib plus letrozole in 

patients with HR+/HER2– metastatic breast cancer is ongoing and yet 
to report mature OS data, a significant OS benefit was shown from an 

analysis of electronic health records from a heterogeneous, real- 

world population (HR vs letrozole, 0.58 [95% CI: 0.46–0.73]) and 
among subgroups.97

Abbreviations: CI, confidence interval; HER2, human epidermal growth factor 
receptor 2; HR, hazard ratio; HR+, hormone receptor-positive; OS, overall survival; 
RWE, real-world evidence.
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following actions, with the starting point being that an 
absence of mature OS data is not a reason in itself to refuse 
patient access, providing there is robust evidence to support 
significant benefit to patients.

● Gain agreement between payers and manufacturers 
on when mature OS data are to be expected for 
pricing and reimbursement appraisals.

● Reach agreement among payers on the range of 
appropriate clinical endpoints (as outlined in 
Table 3) that are informative in their own right – 
and find opportunities to engage patients in assessing 
the importance of these endpoints for example, in the 
context of core outcome sets, which should be pre- 
specified.

● Acknowledge that the highest level of statistical 
validation of surrogates is unlikely to be available 
in all circumstances and initiate further research 
into trial data sharing and surrogate endpoint 
validation.

● Manufacturers to invest in developing evidence from 
post-marketing RWE or statistical inference to sup-
port and extend randomized controlled trial evidence, 
and payers to consider this evidence.

● Manufacturers and payers to use managed entry 
agreements when uncertainty is high and the agree-
ment is feasible and to reappraise as more evidence 
becomes available.

● Consult with patients to understand the value people 
place on benefits from new therapies, measured using 
a range of endpoints.

Developing operational guidance tailored by disease and treat-
ment setting (eg, for early- versus late-stage disease) could 
form an additional step, requiring active collaboration between 
payers, manufacturers, patients and clinicians. Guidance 
regarding decision-making without mature OS data might 
also require adaptation to the specific reimbursement processes 
(eg, by country). This guidance could help everyone involved – 
payers, patients, clinicians and manufacturers – in making and 
understanding coverage and reimbursement decisions.

Conclusions
Our reimbursement systems should evolve to align with 
scientific advances in oncology. As treatments become 
increasingly effective and some move to being curative, we 
need new ways of assessing therapies without mature OS 
data to avoid lives being shortened unnecessarily or quality 

of life declining, through a lack of timely reimbursement. 
Fair reimbursement is important, valuing patient benefit as 
shown through prespecified endpoints, but reappraising as 
required by payers in case of ongoing uncertainty or failure to 
show a sustained benefit. We encourage manufacturers and 
payers to define flexible strategies for generating and apprais-
ing patient-relevant evidence and managing uncertainty 
when mature OS data are not to be expected at the time of 
reimbursement decision-making, and for both parties to rou-
tinely follow these strategies, as innovation is only mean-
ingful if readily accessible to patients. We believe that the 
changes suggested above will promote thorough assessment 
and timely access to effective medicines.
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