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ABSTRACT

Immuno-oncologics (I0s) differ from chemotherapies as
they prime the patient’s immune system to attack the
tumor, rather than directly destroying cancer cells. The

10 mechanism of action leads to durable responses and
prolonged survival in some patients. However, providing
robust evidence of the long-term benefits of 10s at health
technology assessment (HTA) submission presents several
challenges for manufacturers. The aim of this article was
to identify, analyze, categorize, and further explore the

key challenges that regulators, HTA agencies, and payers
commonly encounter when assessing the long-term
benefits of 10 therapies. Insights were obtained from an
international, multi-stakeholder steering committee (SC)
and expert panels comprising of payers, economists,

and clinicians. The selected individuals were tasked with
developing a summary of challenges specific to 10s in
demonstrating their long-term benefits at HTA submission.
The SC and expert panels agreed that standard methods
used to assess the long-term benefit of anticancer drugs
may have limitations for |0 therapies. Three key areas of
challenges were identified: (1) lack of a disease model that
fully captures the mechanism of action and subsequent
patient responses; (2) estimation of longer-term outcomes,
including a lack of agreement on ideal methods of survival
analyses and extrapolation of survival curves; and (3)

data limitations at the time of HTA submission, for which
surrogate survival end points and real-world evidence
could prove useful. A summary of the key challenges
facing manufacturers when submitting evidence at

HTA submission was developed, along with further
recommendations for manufacturers in what evidence to
produce. Despite almost a decade of use, there remain
significant challenges around how best to demonstrate
the long-term benefit of checkpoint inhibitor-based 10s

to HTA agencies, clinicians, and payers. Manufacturers
can potentially meet or mitigate these challenges with

a focus on strengthening survival analysis methodology.
Approaches to doing this include identifying reliable
biomarkers, intermediate and surrogate end points, and
the use of real-world data to inform and validate long-
term survival projections. Wider education across all
stakeholders—manufacturers, payers, and clinicians—in
considering the long-term survival benefit with 10s is also
important.

BACKGROUND
The development of immuno-oncology (10)
drugs has represented a significant break-
through in the treatment of cancer. Currently,
single-agent and combination
therapy regimens have been approved by the
Food and Drug Administration (FDA) and
European Medicines Agency for at least 20
indications."

10s differ from conventional chemother-
apies as they target the patient's immune
system rather than directly attacking the
tumor. This immune activation can lead to
durable responses and prolonged survival
in some, but not all, treated patients. Long-
term follow-up in patients with metastatic
melanoma who received treatment with
ipilimumab, for example, has shown 3-year
survival rates ranging from 20% to 26%, and
up to 10 years in some patients,” whereas
only 1%—2% of patients with metastatic mela-
noma achieve a durable long-term response
to chemotherapy.” Durable responses have
also been observed in multiple other tumor
types. For patients treated with nivolumab,
overall survival (OS) curves have been seen
to flatten at around 3 years, with estimated
5-year survival rates of approximately 30% for
renal cell carcinoma, and 16% for non-small
cell lung cancer (NSCLC)." Even higher long-
term survival rates (ie, plateaus) appear to be
likely in patients receiving IO-combination
therapy for these tumor types.‘r’"7

Assessing the value of a new oncology drug
is a key goal of health technology assessment
(HTA) and pricing and reimbursement
negotiations. While HTA agencies worldwide
differ in terms of their assessment criteria and
methods, the gold standard efficacy criterion
in oncology is OS. The outcome is clear and
measurable, and the benefit of longer survival
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is irrefutable. However, providing robust OS evidence
requires large trial sample sizes and often many years
of trial follow-up, which can potentially deny or delay
critically ill patients access to life-extending therapies.
Manufacturers are therefore faced with the challenge of
demonstrating the potential long-term benefit of their 10
therapies with short-term survival data.

OBJECTIVES

The aim of this article is to report insights from multi-
stakeholder interviews and expert panels, as well as
the scientific literature, on the challenges regulators,
HTA agencies, and payers commonly encounter when
assessing the long-term benefits of IOs across a range of
tumor types.

METHODS

A pragmatic review of published literature in PubMed was
conducted in September 2017 with the aim of gaining a
deeper understanding of the topic to be addressed. Arti-
cles on IO or cancer immunotherapy were identified
which contained data on long-term survival outcomes.
Since IO therapies and their long-term benefits are
relevant to multiple therapeutic areas, the searches and
subsequent discussions were not focused on a single
tumor type. A total of 27 published papers were identified
for the topics extrapolation, long-term survival, survival
modeling/analysis, alternative metrics/end points, surro-
gates, non-proportional hazards, and cure modeling. In
addition, 86 reimbursement submissions were considered
for ipilimumab, nivolumab, and pembrolizumab from
agencies in Australia, Canada, Germany, Sweden, and the
UK.

Multi-stakeholder interviews to develop this document
were conducted between July 2017 and February 2018
(figure 1). A steering committee (SC) was convened
which comprised nine payers, economists, and clinicians
from the US, UK, France, Italy, and Sweden. They were
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Figure 1 Overview of research methodology. HTA, health
technology assessment.

tasked with developing a summary of the challenges that
were specific to demonstrating the long-term benefit
of IOs. Once the summary had been developed, it was
reviewed and refined by conducting double-blind multi-
stakeholder expert panels from the US, UK, France,
Germany, and Sweden.

These five expert panels were asked to evaluate themes
from the summary of challenges in terms of how they
applied to each country’s assessment criteria. In line with
the search criteria, participants were not asked to focus
on a single tumor type. The panel sessions were run over
1 day, lasting around 6 hours each. The themes were either
confirmed, amended, or replaced, and additions were
also allowed. Recommendations to manufacturers for
how best to meet and overcome the challenges in future
submissions were reviewed. The SC then finalized the
summary of challenges and a corresponding list of ques-
tions for manufacturers to consider at HTA submission.

The SC meetings and face-to-face expert panels were
moderated by PRMA Consulting. Purposeful sampling
approaches were used to identify potential participants
for this research, based on the existing research networks
and online searches. Panelists were recruited via email;
six were recruited from each of the US, UK, and France,
five from Germany, and four from Sweden.

FINDINGS

The summary of challenges for evaluating and communi-
cating the long-term benefits of I0s at HTA submission
is presented in table 1. The challenges correspond with
questions for manufacturers to consider and are grouped
into key areas: how the mechanism of action of IO therapy
may impact on longer-term survival; the estimation of the
survival benefit; and limited data available at the time of
HTA submission.

Mechanism of action

The underlying mechanism of action of IOs and the

resulting tumor response underpin the challenges in

demonstrating the potential long-term survival benefit
of these drugs. Response patterns can differ significantly
from traditional anticancer drugs such as chemotherapy,
making subsequent survival analyses more challenging,
principally because of delayed separation of survival
curves between therapies.* ' The effect of IOs in patients
who respond can roughly be divided into three stages

(figure 2):

» Non-separation of the Kaplan-Meier (KM) survival
curves for IO and standard chemotherapy during the
initial treatment phase (ie, the first 3-6 months).

» Separation of the KM curves as activation of the
immune cells leads to a clinically measurable anti-
tumor effect in patients receiving IO therapy, and
those receiving chemotherapy develop resistance to
treatment.

» Plateauing of the tail of the IO KM curve many
months after the first administration and continuing
long after treatment have ceased.® "'
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Table 1 Summary of key challenges in presenting the value of 10s in HTA submissions

Challenge

Considerations for researchers

Mechanism of action

Representation of the underlying biological
model

Has the underlying biological model and how it links with any survival analysis/
statistical modeling been clearly explained?

Possibility of cure underlying the long-term  Have published external data or additional clinical trial data been presented as

survival
Addressing pseudo-progression

supportive evidence of long-term survivorship?
» Has pseudo-progression been raised as an issue?

» If yes, were any outcome measures used in the trials that take into account
this phenomenon?

Model structure and survival extrapolation methodology

Use of non-standard model structure to

capture immunotherapy effect incorporated?

Capturing heterogeneity in treatment effect
and outcomes

Availability and use of early response

biomarkers to predict long-term survival heterogeneity?

Shape of the survival curve/plateau and

Have the methods used been explained, and any previous uses of the methods
Has heterogeneity in treatment effect been explored and were any subgroup
analyses based on mechanism of actions and clinical plausibility?

Have any biomarker data been presented as the predicate for considering

Has the survival analysis/statistical modeling been presented and justified

smoothing estimators of the hazard function not just in terms of statistical performance, but how it reflects the underlying

biological model?

Clinical plausibility and validation of the
extrapolation using real-world evidence or
other data

term survival?

Limited clinical trial evidence at HTA submission

Duration of follow-up and maturity of OS
and PFS

Availability and use of intermediate and/or
surrogate end points (TFI, DFS, response)

HTA submission

Have real-world data been sourced and included to support estimates of long-

Have the trial end points been presented within the context of completeness—for
example, censoring, numbers at risk?

Have the surrogate end points been presented, and their relationship to long-
term survival demonstrated?

Linking central points with payer, clinician, and patient perspectives on immunotherapy: this is not necessarily a question that
can be used as a proxy for a submission requirement, but it is in place for manufacturers to consider that they have sought out

expert opinions from these important stakeholders.

DFS, disease-free survival; HTA, health technology assessment; 10s, immuno-oncologics; OS, overall survival; PFS, progression-free survival;

TFI, treatment-free interval.

In clinical trials of IOs, both conventional and non-
conventional response patterns have been observed.'*"
Conventional response patterns include complete
response with an early reduction in tumor burden and
stable disease. Non-conventional response patterns,

Non-separation Plateau

Separation

Survival

Immunotherapy

Conventional therapy

0 1 2 3
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Figure 2 Typical Kaplan-Meier survival curves observed
with 1O therapies. 10, immuno-oncology.

unique to IOs, can also occur. These can include a delayed
response; an early reduction in target tumor burden
but accompanied by new lesions; an initial increase in
tumor burden followed by a decrease in tumor burden
(so called ‘pseudo-progression’); and accelerated tumor
growth (hyperprogression), which may also be indicative
of aggressive disease and not necessarily a response to 10
therapy.'® Although only a small proportion of patients
(around 10%) may experience pseudo-progression, this
type of response may lead to premature discontinuation
of an effective treatment or the delay in starting a new
therapy.'0 1820

IOs have additionally proven capable of inducing
durable treatment responses that can continue for years
after treatment discontinuation for a proportion of
patients—another non-traditional response pattern.” !
This typically manifests as the ‘flattening’ or ‘plateauing’
shape of the IO KM survival curve and suggests that some
patients may be potentially ‘cured’ (ie, their expected
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survival is comparable with that of the general popula-
tion matched for age and sex). Nevertheless, durable
responses to 10s cannot currently be predicted with accu-
racy at the initiation or early on in the treatment.

Biomarkers
In oncology, we have entered an era of precision medi-
cine which enables clinicians and researchers to predict
with greater accuracy which treatments will be most effec-
tive for which groups of patients. Several biomarkers have
been investigated to enable the prediction of response
to immunotherapy and long-term survival. However,
the dynamic nature of the immune system means that
it changes during immune responses, making it difficult
to identify a single biomarker to predict responses.”’ *
Programmed death-ligand 1 (PD-L1) has been explored
extensively and has shown some ability to differentiate
patients,” ** although IO products, even in studies
targeting PD-L1, continue to be approved with broader
indications, as efficacy data showed benefitalso in patients
with tumors without PD-L1 expression%’27

Work continues on the identification of biomarkers and
genetic factors such as tumor mutational burden,” ! gene
expression profiling of the tumor microenvironment,”
microsatellite instability (MSI) in tumors,” ** micro-
biome status,”* ** analysis of immune system and cancer
interactions,36 and a more holistic ‘immune scoring’
approach.”” ™ Pembrolizumab has been approved in the
USA for the treatment of adult and pediatric patients
with unresectable or metastatic MSI-High or mismatch
repair-deficient solid tumors that have progressed after
treatment, irrespective of their specific site of origin.*'
Although biomarkers such as MSI can be predictive and
prognostic, the percentage of patients with tumors char-
acterized as MSI-High remains small. In clinical trials for
metastatic colorectal cancer, for instance, only 3.5%-5%
of patients had MSI-High tumors.*

Estimation of longer-term outcomes

Survival data from clinical trials must be extrapolated
using validated and established statistical methods to esti-
mate long-term survival benefit,*” as typically no clinical
trial is long enough in duration to capture this. Several
studies have explored the methods of survival analysis
and extrapolation within the context of IOs and criticized
their performance since they often underestimate the
long-term survival benefit and thus the value of 1O treat-
ments.*'’*** Innovative modeling techniques are needed
to handle data immaturity and the response patterns
of 1Os. Estimating survival can be broken out into two
general areas: within-trial analysis and extrapolation.

Within-trial analysis of survival

Median survival and hazard ratios are commonly used
to assess survival in HTAs. However, for IO therapy these
may fail to capture the magnitude of survival benefit with
the available data, because they do not adequately capture
the non-conventional response patterns of IOs, such as

the delayed separation of survival curves (figure 2).*® ¥’

A proportional hazard ratio assumes that the ratio of two
hazard functions is approximately constant over time,
and when this assumption is plausible such a ratio may
capture the relative difference between two survival
curves. However, when the delayed separation of survival
curves is present and/or a plateau is evident, as often
observed with IO therapies, the proportional hazards
assumption is often violated. The result is a potential
loss of statistical power to demonstrate the difference
between the treatment arms.'' Alternative metrics exist
that suit the IO mechanism of action, including landmark
survival analysis'® and restricted mean survival time.’
Both capture the survival benefit in the tail of the curve,
and landmark survival analysis can also better capture the
changing hazard function over time and provide data to
support the plateauing effect.”*™!

Estimating long-term survival by extrapolating from clinical trial
data

In the second stage of estimation, long-term, including
lifetime, survival benefit is shown by extrapolating from
available data. Extrapolation is of interest for HTA agen-
cies that use economic evaluation to inform their deci-
sions. In this circumstance, lifetime costs and health
benefits (life years or quality-adjusted life years) must be
estimated. The standard method of survival extrapolation
is parametric regression modeling, which is more suited
to traditional chemotherapeutic regimens.*® The mecha-
nism of action for IOs exacerbates multiple methodolog-
ical challenges: assessing non-proportional hazards, the
plateau effect, loss of statistical power in the tail of the
survival curves due to censoring, and unobserved hetero-
geneity in the patient population. More flexible and
complex approaches, such as piecewise models, cubic
splines, response-based models, cure fraction modeling,
and mixture cure modeling, may be needed to capture
the characteristic IO pattern of delayed treatment effects
and, for a subset of patients, the plateau of long-term
survival.

Parametric regression models

Parametric regression-based modeling is an approach
that is commonly used in HTA* to estimate the proba-
bility of dying, period-by-period, using all available data
(ie, the time period and whether a subject is known to be
alive, known to be dead, or has been censored). Other
factors such as age, sex, and/or treatment regimen can be
added as covariates for adjustment. The most commonly
used are the exponential, Weibull, Gompertz, log-logistic,
and log-normal distributions.”

The assumptions that underlie how single regression
models predict the hazard function may not be appro-
priate for IOs, where hazards are more complex due to
the mechanism of action and changing patient popu-
lation over time. As patients with an immune response
come to be the only survivors, the underlying pattern of
survival changes.”'”** As such, more flexible approaches
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might capture this and better fit the tail of the survival
curve when it flattens.

Expansion to piecewise models

Expansion to piecewise regression modeling has arisen
as an attempt to address treatments like IOs in which a
subgroup of patients within a cohort survives at much
higher rates. This results in an initial period wherein all
patients are represented, butin later periods only a certain
type of patient is represented (ie, those with immune
response). There have been multiple applications of
these models in HTAs across a range of tumors.” This
approach is still a relatively conventional method and can
also be used to deal with convergence or divergence of
hazard functions between treatments in later periods.

Flexible parametric methods

Flexible parametric models have two main advantages:
first they smooth hazard functions, but more closely
than parametric models, and second they use piecewise
polynomials, which can adjust to a range of hazard func-
tion shapes, making them flexible with regard to propor-
tional hazards and monotonicity.®’ Covariates can also
be introduced to handle time dependence of hazards
and describe hazards for different patient groups. Flex-
ible parametric methods can be valuable for modeling
survival with IOs because of the ability to isolate periods
of immunological response, long-term remission among
responders, time-dependent hazards, and covariates.”
For example, flexible parametric models were success-
fully used to extrapolate OS in HTAs of nivolumab
in NSCLC and avelumab in metastatic Merkel cell
carcinoma.®®

Mixture models

While flexible parametric models give flexibility to fitting
survival data, they have a limitation in that their parameters
describe only the relationships between the observed vari-
ables. Finite mixture models, latent class models, or cure-
fraction models are implemented based on using observed
variables to determine unobserved latent classes for anal-
ysis. For 1Os, this is latent classes of patients who are more or
less likely to experience immunological response and long-
term remission.®'* % %7 Finite mixture models are not widely
used in oncology but they are recognized as a potentially
suitable method.”® % Mixture cure models have been used
to extrapolate OS data in submissions to the UK National
Institute of Health and Care Excellence (NICE) and the
Canadian Agency for Drugs and Technologies in Health for
atezolizumab for the treatment of locally advanced NSCLC
after chemotherapy.70 e

Data limitations at the time of HTA submission

Given the challenges in accurately estimating the long-term
survival for immunotherapies, supplemental evidence for
supporting the clinical benefit of these drugs has been
put forth, including surrogate end points to complement
survival analyses and real-world evidence (RWE).

Surrogate end points
Surrogate end points offer manufacturers an alternative
intermediate measure to link the benefit seen in clinical
trials with long-term patient survival and are increasingly
being used in oncology. Outcomes based on surrogate
end points are available sooner than OS and, in the case
of IOs, represent a potential solution to the challenges of
collecting sufficiently mature OS data. According to the
FDA, a surrogate end point is a marker, such as a labo-
ratory measurement, radiographic image, physical sign,
or other measure, that is not itself a direct measurement
of clinical benefit, but it is (1) known to predict clinical
benefit and could be used to support traditional approval
of a drug or biological product; or (2) reasonably likely to
predict clinical benefit and could be used to support the
accelerated approval of a drug or biological product.72
In oncology, progression-free survival (PFS), disease-free
survival, event-free survival, and durable objective overall
response rate (ORR) are among the surrogate end points
that have been used for accelerated approval by the FDA.
However, challenges remain with the manufacturer to
evaluate the statistical correlations between intermediate
end points and OS to establish validated surrogate end
points that can be acceptable by country-specific regula-
tors and pal}fers.72"78

Despite some surrogate end points being accepted by
regulators, there is conflicting evidence on their reli-
ability in predicting meaningful survival benefit for 10
thf:rapy.77 98 Traditionally, surrogate end points for OS
have been PFS and response-based end points such as
ORR. For IOs, criteria for tumor response and progres-
sion were updated in a set of alternative immune-related
response criteria (irRC) to capture the response with
immunotherapy; however, the association between irRC
and OS has not been validated.* Landmark PFS rates at
lyear, 2 years, and 3 years have also been proposed to
be consistently reported end points in clinical trials of
patients with melanoma that could serve as surrogates.* 8

A recent systematic review, which focused on the alter-
native surrogate end points and their association with OS
in I1Os, found that there are currently insufficient data to
support a validated surrogate end point for OS.*” The two
most promising composite end points in the review are
considered durable response rate (DRR) and interme-
diate response end point (IME).? DRR, a combination
of standard response criteria and a prospective duration
dimension of 6 months, was highly associated with OS.
For the IME, a more complex analysis is required; IME is
based on non-target lesion progression, new lesion, and
target lesion information determined by baseline tumor
burden, tumor reduction depth, and tumor change
dynamic within 1year after randomization. The authors
found the association between IME and OS to be rela-
tively strong. Treatmentfree interval and treatment-free
survival are also described as potential surrogates for
hematologic malignancies. The authors noted that there
was considerable heterogeneity in the statistical methods
used in individual studies assessing surrogate end points
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and there remains a need to standardize approaches to
reach a consensus.

Use of RWE

Historically, another limiting factor when assessing new
therapies supported by immature data has been that the
underlying processes do not allow for follow-up assess-
ment with or without RWE. Separate trends in adaptive
licensing at a regulatory level, and conditional reim-
bursement pathways, reflect this.** ¥ RWE in assessing
long-term survival benefit of IOs is not yet commonly
used in HTA® % but has two potential applications:
first, to provide data for modeling the survival benefit
that can help generalize clinical trial data to real-world
clinical practice88 89; and second, to validate externally
both the clinical trial data, particularly from later stages
of follow-up, and any predictive modeling of long-term
survival benefit.” !

RWE includes analysis of data gathered from non-
randomized sources, such as patient registries and
observational studies, among others. The FDA does
not demand RWE for approval as these data are usually
delayed, relative to clinical trial data; however, they have
recently become more receptive.” As real-world studies
do not adhere to the same degree of controlled condi-
tions and predefined patient-management strategies as
clinical studies, RWE is still considered to be of lower
quality and less reliable than randomized controlled trial
(RCT) data.” Issues can depend on whether data are
retrospective or prospective, but include selection bias at
a patient and treatment center level,94 missing data on
confounders, and low interoperability in general.*® The
recording of drug-related toxicities in clinical practice
also differs to the criteria used in clinical trials. Despite
this, RWE provides data that are not readily available in
an RCT, such as long-term outcomes.” Thus, some HTA
agencies, such as the French Transparency Commission or
NICE, will provide reimbursement conditional on further
efficacy and safety data being collected. The collected
postlaunch data provide clinicians with a greater under-
standing of the long-term safety of IO therapies, and they
are of value to HTA agencies during HTAs of new IO ther-
apies or in reassessments.

DISCUSSION
Our findings indicate that, despite over a decade of use,
there remain significant challenges in how best to demon-
strate the long-term benefit of IOs to HTA agencies, clini-
cians, and payers. We have presented a succinct summary
of the key challenges facing manufacturers when submit-
ting evidence at HTA in demonstrating the full value of
I0s for a range of tumor types, and further questions for
consideration, in table 1. Many of these are well known
and have been discussed in published literature, but they
currently remain largely unresolved.

In general, longer-term follow-up should be standard
practice for IO clinical trials. Long-term response and

OS data could alleviate many of the current challenges.
Research on biomarkers or other predictors of response
and durable survival should also continue, as a successful
biomarker could help clinical trials management and
still provide timely patient access—a key goal in all drug
development. As IOs may potentially be used in earlier
stages of disease in the near future, surrogate end points
will become even more important and should be vali-
dated. Greater development and use of RWE spans all
stakeholders and is a key part of overcoming the gap
between RCT data with low external validity and properly
measuring long-term survival benefit.

From the perspective of manufacturers, the recommen-
dations primarily involve further analysis and commu-
nication. Analysis of survival data should continue to
explore methods that are appropriate to the mechanism
of action, as standard measures of survival benefit are
not appropriate. Manufacturers should also continue to
communicate the mechanism of action and its impact on
long-term response, survival benefit, and how it changes
outcomes data and methods of analysis.

We have attempted to synthesize in table 1 a structured
way in which manufacturers should link the mechanism of
action of IO0s to subsequent expectations of the shape of
the long-term survival curve such as the plateau effect. This
links logically into the statistical and economic modeling of
long-term survival, focusing on model structure and survival
curve extrapolation methodology, but also accounting for
the limited clinical trial data at HTA submission.

From the perspective of HTA agencies, there is an
apparent need for more explicit consideration of the
same issues around mechanism of action and survival
analysis, including how it is incorporated into economic
modeling. HTA agencies can help effect change in
modeling by manufacturers by explicitly recommending
modeling approaches that acknowledge and reflect the
underlying biology and natural history of disease and
treatment effect, rather than attempts at statistical curve
fitting. HTA agencies can also increase communication
with manufacturers prior to submission to align on appro-
priate methods of analysis.

Payers can also help these processes to evolve with
formal reviews of past decisions. Retrospective reviews will
help to improve the use of surrogates and the potential
for long-term data to be used in the future to update deci-
sions. As well as helping to better understand how past
data, methods, and decisions appear today, this would
support the use of conditional approvals and reimburse-
ment based on surrogate end points with confirmatory
real-world or long-term follow-up data.

Assessment processes and preferred methodology differ
across countries, meaning that there is some limit to how
much consistency in assessing 1O survival benefit is achiev-
able. However, an European Union-wide cooperation on
HTA has been proposed recently by the European Commis-
sion, focusing on relative effectiveness assessment (REA)
for pharmaceuticals and medical devices.” In an editorial
assessing this proposal, Kanavos et al highlighted that the
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HTA framework must be more explicit and realistic about
clinical value definition, what constitutes quality of evidence,
how RWE is handled, and how to ensure consistency in
REA interpretation.”® They concluded that this initiative
can deliver wider benefits, a key one being member states
having more resources to assess performance of interven-
tions in their healthcare systems.

CONCLUSIONS
We have presented here the key challenges faced when
demonstrating long-term survival benefit from treating
patients with IOs: challenges linked to the IO mechanism
of action, the analysis and extrapolation of long-term
survival data, and using data that may be immature at the
time of HTA submission. We outlined ways in which manu-
facturers can meet or mitigate these challenges, with a
focus on strengthening survival analysis methods to capture
the underlying biology of disease and treatment, rather
than just statistical curve fit, including the potential use of
biomarkers, surrogate end points, and RWE in modeling.
It is crucial that patients have timely access to novel
therapies and particularly breakthrough therapies such as
10s. Therefore, we outlined the steps that manufacturers
are recommended to take to develop and submit evidence
to HTA bodies in a structured and consistent way, and to
drive wider education across all stakeholders—manufac-
turers, payers, and clinicians—in considering long-term
survival benefits with 10s.

Acknowledgements The authors wish to thank Diana Steinway who provided
medical writing services on behalf of Bristol-Myers Squibb and PRMA Consulting.

Contributors The authors took full responsibility for the content of this publication
and confirmed that it reflects their viewpoint and expertise and have approved

the submitted version. The authors confirmed that GPP3 guidelines were followed
throughout the development of the paper. The authors received no financial
compensation for authoring the paper.

Funding This research was funded by Bristol-Myers Squibb.

Competing interests AKP is an employee of PRMA Consulting, who conducted this
research for Bristol-Myers Squibb, the sponsor of the research. At the time of the
study, CQ was also an employee of PRMA Consulting. SW and JB are employees

of Bristol-Myers Squibb, the sponsor of the research. At the time of the study, EW
was also an employee of Bristol-Myers Squibb. LPG, MBA, GdP, KH, PAA, and PM
received consultancy fees from Bristol-Myers Squibb.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Michael B Atkins http://orcid.org/0000-0003-3901-9924
Paolo Antonio Ascierto http://orcid.org/0000-0002-8322-475X

REFERENCES
1 Marshall HT, Djamgoz MBA. Immuno-Oncology: emerging targets
and combination therapies. Front Oncol 2018;8:315.

2

20

21

22

23

24

25

Schadendorf D, Hodi FS, Robert C, et al. Pooled analysis of
long-term survival data from phase Il and phase Il trials of
ipilimumab in unresectable or metastatic melanoma. J Clin Oncol
2015;33:1889-94.

Garbe C, Eigentler TK, Keilholz U, et al. Systematic review of
medical treatment in melanoma: current status and future prospects.
Oncologist 2011;16:5-24.

Topalian SL, Hodi FS, Brahmer JR, et al. Five-Year survival and
correlates among patients with advanced melanoma, renal cell
carcinoma, or non-small cell lung cancer treated with nivolumab.
JAMA Oncol 2019. doi:10.1001/jamaoncol.2019.2187. [Epub ahead
of print: 25 Jul 2019].

Hodi FS, Chiarion-Sileni V, Gonzalez R, et al. Nivolumab plus
ipilimumab or nivolumab alone versus ipilimumab alone in advanced
melanoma (CheckMate 067): 4-year outcomes of a multicentre,
randomised, phase 3 trial. Lancet Oncol 2018;19:1480-92.

Motzer RJ, Rini Bl, McDermott DF, et al. Nivolumab plus

ipilimumab versus sunitinib in first-line treatment for advanced

renal cell carcinoma: extended follow-up of efficacy and safety
results from a randomised, controlled, phase 3 trial. Lancet Oncol
2019;20:1370-85.

Hellmann MD, Paz-Ares L, Bernabe Caro R, et al. Nivolumab plus
ipilimumab in advanced non-small-cell lung cancer. N Engl J Med
2019;381:2020-31.

Gibson E, Koblbauer I, Begum N, et al. Modelling the survival
outcomes of Immuno-Oncology drugs in economic evaluations:

a systematic approach to data analysis and extrapolation.
Pharmacoeconomics 2017;35:1257-70.

Monnickendam G, Zhu M, McKendrick J, et al. Measuring survival
benefit in health technology assessment in the presence of
Nonproportional hazards. Value Health 2019;22:431-8.

Ouwens MJNM, Mukhopadhyay P, Zhang Y, et al. Estimating lifetime
benefits associated with immuno-oncology therapies: challenges and
approaches for overall survival extrapolations. Pharmacoeconomics
2019;37:1129-38.

Chen T-T. Statistical issues and challenges in immuno-oncology.

J Immunother Cancer 2013;1:18.

Steele SD, Wang S, Solinger A, et al. Highlighting the challenge of
delayed overall survival (OS) curve separation in immunotherapy
clinical trials. J clin Oncol 2013;31:3009.

Hoos A, Eggermont AMM, Janetzki S, et al. Improved endpoints for
cancer immunotherapy trials. J Nat/ Cancer Inst 2010;102:1388-97.
Queirolo P, Spagnolo F. Atypical responses in patients with advanced
melanoma, lung cancer, renal-cell carcinoma and other solid tumors
treated with anti-PD-1 drugs: a systematic review. Cancer Treat Rev
2017;59:71-8.

Topalian SL, Sznol M, McDermott DF, et al. Survival, durable tumor
remission, and long-term safety in patients with advanced melanoma
receiving nivolumab. J Clin Oncol 2014;32:1020-30.

Onesti CE, Fréres P, Jerusalem G. Atypical patterns of response

to immune checkpoint inhibitors: interpreting pseudoprogression
and hyperprogression in decision making for patients' treatment. J
Thorac Dis 2019;11:35-8.

McDermott D, Lebbé C, Hodi FS, et al. Durable benefit and the
potential for long-term survival with immunotherapy in advanced
melanoma. Cancer Treat Rev 2014;40:1056-64.

Borcoman E, Nandikolla A, Long G, et al. Patterns of response

and progression to immunotherapy. Am Soc Clin Oncol Educ Book
2018;38:169-78.

Ventola CL. Cancer immunotherapy, part 3: challenges and future
trends. P T 2017;42:514-21.

Branchoux S, Bellera C, ltaliano A, et al. Immune-checkpoint
inhibitors and candidate surrogate endpoints for overall survival
across tumour types: a systematic literature review. Crit Rev Oncol
Hematol 2019;137:35-42.

Sharma P, Allison JP. The future of immune checkpoint therapy.
Science 2015;348:56-61.

Zhu 'Y, Zhao F, Li Z, et al. Current landscape and future directions

of biomarkers for predicting responses to immune checkpoint
inhibitors. Cancer Manag Res 2018;10:2475-88.

Weber JS, Kahler KC, Hauschild A. Management of immune-related
adverse events and kinetics of response with ipilimumab. J Clin
Oncol 2012;30:2691-7.

Grosso J, Horak CE, Inzunza D, et al. Association of tumor PD-L1
expression and immune biomarkers with clinical activity in patients
(pts) with advanced solid tumors treated with nivolumab (anti-PD-1;
BMS-936558; ONO-4538). J Clin Oncol 2013;31:3016.

Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical activity of
pembrolizumab for treatment of recurrent or metastatic squamous
cell carcinoma of the head and neck (KEYNOTE-012): an open-label,
multicentre, phase 1b trial. Lancet Oncol 2016;17:956-65.

Quinn C, et al. J Immunother Cancer 2020;8:6000648. doi:10.1136/jitc-2020-000648


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3901-9924
http://orcid.org/0000-0002-8322-475X
http://dx.doi.org/10.3389/fonc.2018.00315
http://dx.doi.org/10.1200/JCO.2014.56.2736
http://dx.doi.org/10.1634/theoncologist.2010-0190
http://dx.doi.org/10.1001/jamaoncol.2019.2187
http://dx.doi.org/10.1016/S1470-2045(18)30700-9
http://dx.doi.org/10.1016/S1470-2045(19)30413-9
http://dx.doi.org/10.1056/NEJMoa1910231
http://dx.doi.org/10.1007/s40273-017-0558-5
http://dx.doi.org/10.1016/j.jval.2019.01.005
http://dx.doi.org/10.1007/s40273-019-00806-4
http://dx.doi.org/10.1186/2051-1426-1-18
http://dx.doi.org/10.1186/2051-1426-1-18
http://dx.doi.org/10.1200/jco.2013.31.15_suppl.3009
http://dx.doi.org/10.1093/jnci/djq310
http://dx.doi.org/10.1016/j.ctrv.2017.07.002
http://dx.doi.org/10.1200/JCO.2013.53.0105
http://dx.doi.org/10.21037/jtd.2018.12.47
http://dx.doi.org/10.21037/jtd.2018.12.47
http://dx.doi.org/10.1016/j.ctrv.2014.06.012
http://dx.doi.org/10.1200/EDBK_200643
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/28781505
http://dx.doi.org/10.1016/j.critrevonc.2019.02.013
http://dx.doi.org/10.1016/j.critrevonc.2019.02.013
http://dx.doi.org/10.1126/science.aaa8172
http://dx.doi.org/10.2147/CMAR.S167400
http://dx.doi.org/10.1200/JCO.2012.41.6750
http://dx.doi.org/10.1200/JCO.2012.41.6750
http://dx.doi.org/10.1200/jco.2013.31.15_suppl.3016
http://dx.doi.org/10.1016/S1470-2045(16)30066-3

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Brower V. Pembrolizumab in advanced head and neck cancer. Lancet
Oncol 2017;18:e248.

Ferris RL, Blumenschein G, Fayette J, et al. Nivolumab for recurrent
squamous-cell carcinoma of the head and neck. N Engl J Med
2016;375:1856-67.

Lawrence MS, Stojanov P, Polak P, et al. Mutational heterogeneity
in cancer and the search for new cancer-associated genes. Nature
2013;499:214-8.

Hellmann MD, Callahan MK, Awad MM, et al. Tumor mutational
burden and efficacy of nivolumab monotherapy and in

combination with ipilimumab in small-cell lung cancer. Cancer Cell
2018;33:853-61.

Hellmann MD, Ciuleanu T-E, Pluzanski A, et al. Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden.

N Engl J Med 2018;378:2093-104.

Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology.
Mutational landscape determines sensitivity to PD-1 blockade in
non-small cell lung cancer. Science 2015;348:124-8.

Chang L, Chang M, Chang HM, et al. Microsatellite instability:

a predictive biomarker for cancer immunotherapy. Appl/
Immunohistochem Mol Morphol 2018;26:e15-21.

Colle R, Cohen R, Cochereau D, et al. Inmunotherapy and patients
treated for cancer with microsatellite instability. Bull Cancer
2017;104:42-51.

Routy B, Le Chatelier E, Derosa L, et al. Gut microbiome influences
efficacy of PD-1-based immunotherapy against epithelial tumors.
Science 2018;359:91-7.

Gopalakrishnan V, Spencer CN, Nezi L, et al. Gut microbiome
modulates response to anti-PD-1 immunotherapy in melanoma
patients. Science 2018;359:97-103.

Blank CU, Haanen JB, Ribas A, et al. The “cancer immunogram”.
Science 2016;352:658-60.

Galon J, Pageés F, Marincola FM, et al. The immune score as a new
possible approach for the classification of cancer. J Transl Med
2012;10:1.

Galon J, Mlecnik B, Bindea G, et al. Towards the introduction of the
'Immunoscore' in the classification of malignant tumours. J Pathol
2014;232:199-209.

Ascierto PA, Capone M, Urba WJ, et al. The additional facet of
immunoscore: immunoprofiling as a possible predictive tool for
cancer treatment. J Trans/ Med 2013;11:54.

Pages F, Mlecnik B, Marliot F, et al. International validation of the
consensus immunoscore for the classification of colon cancer: a
prognostic and accuracy study. Lancet 2018;391:2128-39.

FDA. Highlights of prescribing information: KEYTRUDA
(pembrolizumab), 2019. Available: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2019/125514s052Ibl.pdf

NCCN. Colon cancer (NCCN clinical practice guidelines in oncology),
version 2.2019, 2019. Available: https://www.nccn.org/professionals/
physician_gls/pdf/colon.pdf

Latimer NR. Survival analysis for economic evaluations

alongside clinical trials--extrapolation with patient-level data:
inconsistencies, limitations, and a practical guide. Med Decis Making
2013;33:743-54.

Bullement A, Latimer NR, Bell Gorrod H. Survival extrapolation in
cancer immunotherapy: a validation-based case study. Value Health
2019;22:276-83.

Bullement A, Meng Y, Cooper M, et al. A review and validation of
overall survival extrapolation in health technology assessments of
cancer immunotherapy by the National Institute for health and care
excellence: how did the initial best estimate compare to trial data
subsequently made available? J Med Econ 2019;22:205-14.
Ferrara R, Pilotto S, Caccese M, et al. Do immune checkpoint
inhibitors need new studies methodology? J Thorac Dis
2018;10:51564-80.

Alexander BM, Schoenfeld JD, Trippa L. Hazards of hazard ratios -
deviations from model assumptions in immunotherapy. N Engl J Med
2018;378:1158-9.

Santi |, Johal S, Yuan Y, et al. The impact of response at a landmark
on overall survival: implications for the economic evaluation of the
value of Immuno-Oncology (I-O) treatment in non-small cell lung
cancer (NSCLQC). Value Health 2018;21:5211.

Hoering A, Durie B, Wang H, et al. End points and statistical
considerations in immuno-oncology trials: impact on multiple
myeloma. Future Oncol 2017;13:1181-93.

Chen T-T. Milestone survival: a potential intermediate endpoint

for immune checkpoint inhibitors. J Nat/ Cancer Inst 2015;107.
doi:10.1093/jnci/djv156. [Epub ahead of print: 25 Jun 2015].

Chan E, Quinn C, Hirji I, et al. Alternative metrics for assessing
clinical benefit with immunotherapy in oncology. Oncolmmunology
2017:e1343774.

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Prinja S, Gupta N, Verma R. Censoring in clinical trials: review

of survival analysis techniques. Indian J Community Med
2010;35:217-21.

Beale S, Dickson R, Bagust A, et al. Vemurafenib for the treatment
of locally advanced or metastatic BRAF V600 mutation-positive
malignant melanoma: a NICE single technology appraisal.
Pharmacoeconomics 2013;31:1121-9.

Fleeman N, Bagust A, Beale S, et al. Dabrafenib for treating
unresectable, advanced or metastatic BRAF V600 Mutation-
Positive melanoma: an evidence review group perspective.
Pharmacoeconomics 2015;33:893-904.

Giannopoulou C, Sideris E, Wade R, et al. Ipilimumab for previously
untreated unresectable malignant melanoma: a critique of the
evidence. Pharmacoeconomics 2015;33:1269-79.

Dickson R. Ipilimumab for previously treated unresectable malignant
melanoma: a single technology appraisal. Liverpool, UK: Liverpool
Reviews and Implementation Group, The University of Liverpool,
2011.

Pembrolizumab for untreated PD-L1-positive metastatic non-small-
cell lung cancer [Internet], 2018. Available: https://www.nice.org.uk/
guidance/ta531/chapter/1-Recommendation

Pembrolizumab for untreated PD-L1-positive locally advanced or
metastatic urothelial cancer when cisplatin is unsuitable [Internet],
2018. Available: https://www.nice.org.uk/guidance/ta522

SMC - pembrolizumab SMC No. (1086/15) [Internet], 2015.
Available: https://www.scottishmedicines.org.uk/media/2139/
pembrolizumab__keytruda___final_october_2015_smc1086_for_
website.pdf

PBAC. Pembrolizumab public summary document, 2015. Available:
http://www.pbs.gov.au/industry/listing/elements/pbac-meetings/psd/
2015-03/Files/pembrolizumab-psd-march-2015.pdf

Royston P, Parmar MKB. Flexible parametric proportional-hazards
and proportional-odds models for censored survival data, with
application to prognostic modelling and estimation of treatment
effects. Stat Med 2002;21:2175-97.

Lambert PC, Royston P. Further development of flexible parametric
models for survival analysis. Stata J 2009;9:265-90.

Avelumab for treating metastatic Merkel cell carcinoma [Internet],
2018. Available: https://www.nice.org.uk/guidance/ta517

SMC - nivolumab SMC No. (1180/16) [Internet], 2016. Available:
https://www.scottishmedicines.org.uk/media/2052/nivolumab_
opdivo_final_sept_2016_final_amended_150916_for_website.pdf
SMC - nivolumab SMC No. (1144/16) [Internet], 2016. Available:
https://www.scottishmedicines.org.uk/media/2047/nivolumab_
opdivo_final_june_2016_for_website.pdf

Lambert PC, Thompson JR, Weston CL, et al. Estimating and
modeling the cure fraction in population-based cancer survival
analysis. Biostatistics 2007;8:576-94.

Deb P, Trivedi PK. Finite mixture for panels with fixed effects, 2011.
Available: https://www.york.ac.uk/media/economics/documents/
herc/wp/11_03.pdf

White SJ, Ashby D, Brown PJ. An introduction to statistical methods
for health technology assessment. Health Technol Assess 2000;4:i-iv,
1-59.

Lambert PC, Dickman PW, Weston CL, et al. Estimating the cure
fraction in population-based cancer studies by using finite mixture
models. J Royal Stat Soc C 2010;59:35-55.

Atezolizumab for treating locally advanced or metastatic non-small-
cell lung cancer after chemotherapy [Internet], 2018. Available:
https://www.nice.org.uk/guidance/ta520

CADTH/pCODR. Atezolizumab (Tecentriq) for non-small cell lung
cancer, 2018. Available: https://www.cadth.ca/sites/default/files/
pcodr/pcodr_atezolizumab_tecentriq_nsclc_fn_egr.pdf

FDA. Table of surrogate endpoints that were the basis of drug
approval or licensure, 2019. Available: https://www.fda.gov/drugs/
development-resources/table-surrogate-endpoints-were-basis-drug-
approval-or-licensure

FDA. Considerations for discussion of a new surrogate endpoint(s) at
a Type C PDUFA meeting request, 2019. Available: https://www.fda.
gov/media/115120/download

EUnetHTA. Endpoints used in relative effectiveness assessment of
pharmaceuticals: surrogate endpoints, 2013. Available: https://www.
eunethta.eu/wp-content/uploads/2018/01/Surrogate-Endpoints.pdf
PBAC. Appendix 5: translating comparative treatment effects of
proposed surrogate measures to target clinical outcomes, 2016.
Available: https://pbac.pbs.gov.au/appendixes/appendix-5.html
IQWIG. Validity of surrogate endpoints in oncology, 2011. Available:
https://www.iqwig.de/en/projects-results/projects/drug-assessment/
a10-05-validity-of-surrogate-endpoints-in-oncology-rapid-report.
1325.html

Quinn C, et al. J Immunother Cancer 2020;8:6000648. doi:10.1136/jitc-2020-000648


http://dx.doi.org/10.1016/S1470-2045(17)30245-0
http://dx.doi.org/10.1016/S1470-2045(17)30245-0
http://dx.doi.org/10.1056/NEJMoa1602252
http://dx.doi.org/10.1038/nature12213
http://dx.doi.org/10.1016/j.ccell.2018.04.001
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1126/science.aaa1348
http://dx.doi.org/10.1097/PAI.0000000000000575
http://dx.doi.org/10.1097/PAI.0000000000000575
http://dx.doi.org/10.1016/j.bulcan.2016.11.006
http://dx.doi.org/10.1126/science.aan3706
http://dx.doi.org/10.1126/science.aan4236
http://dx.doi.org/10.1186/1479-5876-10-1
http://dx.doi.org/10.1002/path.4287
http://dx.doi.org/10.1186/1479-5876-11-54
http://dx.doi.org/10.1016/S0140-6736(18)30789-X
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125514s052lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125514s052lbl.pdf
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
http://dx.doi.org/10.1177/0272989X12472398
http://dx.doi.org/10.1016/j.jval.2018.10.007
http://dx.doi.org/10.1080/13696998.2018.1547303
http://dx.doi.org/10.21037/jtd.2018.01.131
http://dx.doi.org/10.1056/NEJMc1716612
http://dx.doi.org/10.1016/j.jval.2018.04.1436
http://dx.doi.org/10.2217/fon-2016-0504
http://dx.doi.org/10.1093/jnci/djv156
http://dx.doi.org/10.4103/0970-0218.66859
http://dx.doi.org/10.1007/s40273-013-0094-x
http://dx.doi.org/10.1007/s40273-015-0276-9
http://dx.doi.org/10.1007/s40273-015-0299-2
https://www.nice.org.uk/guidance/ta531/chapter/1-Recommendation
https://www.nice.org.uk/guidance/ta531/chapter/1-Recommendation
https://www.nice.org.uk/guidance/ta522
https://www.scottishmedicines.org.uk/media/2139/pembrolizumab__keytruda___final_october_2015_smc1086_for_website.pdf
https://www.scottishmedicines.org.uk/media/2139/pembrolizumab__keytruda___final_october_2015_smc1086_for_website.pdf
https://www.scottishmedicines.org.uk/media/2139/pembrolizumab__keytruda___final_october_2015_smc1086_for_website.pdf
http://www.pbs.gov.au/industry/listing/elements/pbac-meetings/psd/2015-03/Files/pembrolizumab-psd-march-2015.pdf
http://www.pbs.gov.au/industry/listing/elements/pbac-meetings/psd/2015-03/Files/pembrolizumab-psd-march-2015.pdf
http://dx.doi.org/10.1002/sim.1203
http://dx.doi.org/10.1177/1536867X0900900206
https://www.nice.org.uk/guidance/ta517
https://www.scottishmedicines.org.uk/media/2052/nivolumab_opdivo_final_sept_2016_final_amended_150916_for_website.pdf
https://www.scottishmedicines.org.uk/media/2052/nivolumab_opdivo_final_sept_2016_final_amended_150916_for_website.pdf
https://www.scottishmedicines.org.uk/media/2047/nivolumab_opdivo_final_june_2016_for_website.pdf
https://www.scottishmedicines.org.uk/media/2047/nivolumab_opdivo_final_june_2016_for_website.pdf
http://dx.doi.org/10.1093/biostatistics/kxl030
https://www.york.ac.uk/media/economics/documents/herc/wp/11_03.pdf
https://www.york.ac.uk/media/economics/documents/herc/wp/11_03.pdf
http://dx.doi.org/10.3310/hta4080
http://dx.doi.org/10.1111/j.1467-9876.2009.00677.x
https://www.nice.org.uk/guidance/ta520
https://www.cadth.ca/sites/default/files/pcodr/pcodr_atezolizumab_tecentriq_nsclc_fn_egr.pdf
https://www.cadth.ca/sites/default/files/pcodr/pcodr_atezolizumab_tecentriq_nsclc_fn_egr.pdf
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure
https://www.fda.gov/media/115120/download
https://www.fda.gov/media/115120/download
https://www.eunethta.eu/wp-content/uploads/2018/01/Surrogate-Endpoints.pdf
https://www.eunethta.eu/wp-content/uploads/2018/01/Surrogate-Endpoints.pdf
https://pbac.pbs.gov.au/appendixes/appendix-5.html
https://www.iqwig.de/en/projects-results/projects/drug-assessment/a10-05-validity-of-surrogate-endpoints-in-oncology-rapid-report.1325.html
https://www.iqwig.de/en/projects-results/projects/drug-assessment/a10-05-validity-of-surrogate-endpoints-in-oncology-rapid-report.1325.html
https://www.iqwig.de/en/projects-results/projects/drug-assessment/a10-05-validity-of-surrogate-endpoints-in-oncology-rapid-report.1325.html

7

78

79

80

81

82

83

84

85

86

87

Kemp R, Prasad V. Surrogate endpoints in oncology: when are
they acceptable for regulatory and clinical decisions, and are they
currently overused? BMC Med 2017;15:134.

Ciani O, Buyse M, Drummond M, et al. Use of surrogate end

points in healthcare policy: a proposal for adoption of a validation
framework. Nat Rev Drug Discov 2016;15:516.

Mushti SL, Mulkey F, Sridhara R. Evaluation of overall response
rate and progression-free survival as potential surrogate endpoints
for overall survival in immunotherapy trials. Clin Cancer Res
2018;24:2268-75.

Buyse M, Burzykowski T, Saad ED. The search for surrogate
endpoints for immunotherapy trials. Ann Transl Med 2018;6:231.
Wolchok JD, Hoos A, O'Day S, et al. Guidelines for the evaluation of
immune therapy activity in solid tumors: immune-related response
criteria. Clin Cancer Res 2009;15:7412-20.

Ascierto PA, Long GV. Progression-free survival landmark analysis:
a critical endpoint in melanoma clinical trials. Lancet Oncol
2016;17:1037-9.

Santi |, SMare C, Juarez-Garcia A, et al. The impact of landmark
response on overall survival: implications for the economic evaluation
of immune-therapy (I-O) treatment in small cell lung cancer (SCLC),
2018. Available: https://tools.ispor.org/research_pdfs/60/pdffiles/
PRM157.pdf

Schulthess D, Baird LG, Trusheim M, et al. Medicines adaptive
pathways to patients (MAPPs): a story of international collaboration
leading to implementation. Ther Innov Regul Sci 2016;50:347-54.
Eichler H-G, Bedlington N, Boudes M, et al. Medicines adaptive
pathways to patients: why, when, and how to engage? Clin
Pharmacol Ther 2019;105:1148-55.

Makady A, van Veelen A, Jonsson P, et al. Using real-world data in
health technology assessment (HTA) practice: a comparative study of
five HTA agencies. Pharmacoeconomics 2018;36:359-68.

Ng T, Chawla T, Bending MW. PCN293 - What is the value of real
world evidence in oncology in HTA appraisals in England, France,
Canada and Australia? Value Health 2018;21:S64.

88

89

90

91

92

93

94

95

96

Wang SV, Schneeweiss S, Gagne JJ, et al. Using real-world data
to extrapolate evidence from randomized controlled trials. Clin
Pharmacol Ther 2019;105:1156-63.

Katkade VB, Sanders KN, Zou KH. Real world data: an opportunity
to supplement existing evidence for the use of long-established
medicines in health care decision making. J Multidiscip Healthc
2018;11:295-304.

Lee D, Brereton N, Dhanasiri S, et al. The role of real-world
evidence in UK reimbursement: case study of lenalidomide in
myelodysplastic syndrome deletion 5q. Pharmacoecon Open
2019;3:351-8.

Cawston H, Genestier V, Dale P, et al. Extrapolation of survival curves
using external information: implementation of Guyot’s method in
previously untreated advanced or metastatic renal cell carcinoma,
2018. Available: https://tools.ispor.org/research_pdfs/60/pdffiles/
PRM228.pdf

FDA. Submitting documents using real-world data and real-world
evidence to FDA for drugs and biologics guidance for industry
(draft guidance), 2019. Available: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/submitting-documents-
using-real-world-data-and-real-world-evidence-fda-drugs-and-
biologics-guidance

Webster J, Smith BD. The case for real-world evidence in the
future of clinical research on chronic myeloid leukemia. Clin Ther
2019;41:336-49.

Blonde L, Khunti K, Harris SB, et al. Interpretation and impact

of real-world clinical data for the practicing clinician. Adv Ther
2018;35:1763-74.

European Commission. Health technology assessment, 2019.
Available: https://ec.europa.eu/health/technology_assessment/
overview_en

Kanavos P, Angelis A, Drummond M. An EU-wide approach to HTA:
An irrelevant development or an opportunity not to be missed? Eur J
Health Econ 2019;20:329-32.

Quinn C, et al. J Immunother Cancer 2020;8:6000648. doi:10.1136/jitc-2020-000648


http://dx.doi.org/10.1186/s12916-017-0902-9
http://dx.doi.org/10.1038/nrd.2016.81
http://dx.doi.org/10.1158/1078-0432.CCR-17-1902
http://dx.doi.org/10.21037/atm.2018.05.16
http://dx.doi.org/10.1158/1078-0432.CCR-09-1624
http://dx.doi.org/10.1016/S1470-2045(16)30017-1
https://tools.ispor.org/research_pdfs/60/pdffiles/PRM157.pdf
https://tools.ispor.org/research_pdfs/60/pdffiles/PRM157.pdf
http://dx.doi.org/10.1177/2168479015618697
http://dx.doi.org/10.1002/cpt.1121
http://dx.doi.org/10.1002/cpt.1121
http://dx.doi.org/10.1007/s40273-017-0596-z
http://dx.doi.org/10.1016/j.jval.2018.09.375
http://dx.doi.org/10.1002/cpt.1210
http://dx.doi.org/10.1002/cpt.1210
http://dx.doi.org/10.2147/JMDH.S160029
http://dx.doi.org/10.1007/s41669-018-0110-3
https://tools.ispor.org/research_pdfs/60/pdffiles/PRM228.pdf
https://tools.ispor.org/research_pdfs/60/pdffiles/PRM228.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/submitting-documents-using-real-world-data-and-real-world-evidence-fda-drugs-and-biologics-guidance
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/submitting-documents-using-real-world-data-and-real-world-evidence-fda-drugs-and-biologics-guidance
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/submitting-documents-using-real-world-data-and-real-world-evidence-fda-drugs-and-biologics-guidance
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/submitting-documents-using-real-world-data-and-real-world-evidence-fda-drugs-and-biologics-guidance
http://dx.doi.org/10.1016/j.clinthera.2018.12.013
http://dx.doi.org/10.1007/s12325-018-0805-y
https://ec.europa.eu/health/technology_assessment/overview_en
https://ec.europa.eu/health/technology_assessment/overview_en
http://dx.doi.org/10.1007/s10198-019-01037-2
http://dx.doi.org/10.1007/s10198-019-01037-2

	Current challenges for assessing the long-­term clinical benefit of cancer immunotherapy: a multi-­stakeholder perspective
	Abstract
	Background
	Objectives
	Methods
	Findings
	Mechanism of action
	Biomarkers

	Estimation of longer-term outcomes
	Within-trial analysis of survival
	Estimating long-term survival by extrapolating from clinical trial data
	Parametric regression models
	Expansion to piecewise models
	Flexible parametric methods
	Mixture models

	Data limitations at the time of HTA submission
	Surrogate end points
	Use of RWE



	Discussion
	Conclusions
	References


