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ABSTRACT

Objective: An adaptive design uses data collected as a clinical trial
progresses to inform modifications to the trial. Hence, adaptive
designs and health economics aim to facilitate efficient and accu-
rate decision making. Nevertheless, it is unclear whether the
methods are considered together in the design, analysis, and
reporting of trials. This review aims to establish how health eco-
nomic outcomes are used in the design, analysis, and reporting of
adaptive designs. Methods: Registered and published trials up to
August 2016 with an adaptive design and health economic
analysis were identified. The use of health economics in the design,
analysis, and reporting was assessed. Summary statistics are pre-
sented and recommendations formed based on the research team's
experiences and a practical interpretation of the results. Results:
Thirty-seven trials with an adaptive design and health economic anal-
ysis were identified. It was not clear whether the health economic
analysis accounted for the adaptive design in 17/37 trials where this was
thought necessary, nor whether health economic outcomes were used

at the interim analysis for 18/19 of trials with results. The reporting of
health economic results was suboptimal for the (17/19) trials with pub-
lished results. Conclusions: Appropriate consideration is rarely given
to the health economic analysis of adaptive designs. Opportunities to
use health economic outcomes in the design and analysis of adaptive
trials are being missed. Further work is needed to establish whether
adaptive designs and health economic analyses can be used together
to increase the efficiency of health technology assessments without
compromising accuracy.

Keywords: adaptive design, cost-effectivenes, clinical trials, value of
information
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Introduction

Decision makers such as the National Institute for Health and
Care Excellence (NICE) in the United Kingdom, the Canadian
Agency for Drugs and Technologies in Health, or the Pharma-
ceutical Benefits Advisory Committee in Australia require high-
quality evidence of both clinical effectiveness and cost-
effectiveness when making funding recommendations.”* Faced
with mounting ethical pressures and limited budgets, increasing
the efficiency of clinical trials research is a priority.*

Adaptive Designs

Adaptive designs use data collected as a trial progresses to inform
modifications to the trial, without compromising the validity or
integrity of the study.” They have the potential to benefit patients

and healthcare providers ethically and financially® and are
becoming a popular alternative to the traditional fixed sample size
trial in appropriate clinical circumstances.”® Table 1 summarizes
some adaptive design methods available. In addition, Chow and
Chang provide a comprehensive summary of adaptive designs,*
and Pallmann et al give real-world examples."”

The analysis following an adaptive design requires careful
consideration and it is important to account for the adaptive na-
ture of the study design. For example, when a group sequential
design (GSD) stops early the analysis may be biased.’ This has the
potential to influence a health economic analysis that relies on an
accurate estimate of the treatment effect and its associated con-
fidence interval. Further problems may arise when the health
economic outcomes, such as costs and quality of adjusted life
years (QALY), are correlated with the primary outcome.*
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Table 1 - Glossary of key terms in the adaptive designs and health economics literature

Name

Description

Group Sequential Design (GSD)

Sample Size Re-estimation

Adaptive Randomisation

Internal Pilot

Multi-Arm Multi-Stage

Expected Value of Perfect
Information (EVPI)

Expected Value of Partially
Perfect Information (EVPPI)

Expected Value of Sample
Information (EVSI)

Economic Evaluation

Interim analyses are carried out after groups of patients have reached the outcome of interest.”'° The trial
can stop early if there is sufficient evidence of safety, efficacy, or futility. The analysis following a GSD
requires careful consideration because of potential bias introduced by the stopping rules.'' Methods
exist to adjust for this bias in the treatment effect estimate and its confidence interval as well as
correlated secondary outcomes.'* 2

The sample size calculated before the trial commenced is updated using information collected up to the
interim analysis."* This can be conducted blind to the treatment allocation or unblind. A blinded sample
size re-estimation does not require any statistical adjustment; nevertheless, when unblinded data are
used, the probability of making a type I error increases.™” Generally, these methods are recommended
only to increase the sample size."

Modifications to the randomization procedure after the trial has commenced can be made based on the
allocation of previous participants in the trial."* This can increase the probability of success of the trial
and allow new participants to receive the most promising treatment.'*

Internal pilots are usually undertaken to assess the feasibility of the trial as opposed to the feasibility of the
intervention. Decisions regarding whether a trial should progress are usually made in the context of
recruitment or retention rates within the trial. There could also be an opportunity to re-estimate the
sample size.'®

Multi-Arm Multi-Stage (MAMS) trials allow multiple treatments to be compared with a single control arm.
The multiple stages (interim analyses) increase efficiency by allowing arms to be dropped for futility or
even for the whole trial to stop if efficacy can be demonstrated.””

The expected value of perfect information (EVPI) considers the scenario where further research would
eliminate all decision uncertainty,'® representing the most that can be gained from further research.
The EVPI can take only positive values.”’ It is potentially worthwhile conducting further research if the
associated costs are less than the EVPIL

It may not be feasible to collect further information about all the parameter inputs in a health economic
analysis. Instead, the expected value of partially perfect information (EVPPI) can be calculated using the
same idea as the EVPI calculation.”

The methods of EVPI and EVPPI estimate the value of eliminating all or an element of uncertainty in a
decision problem. It is not, however, always possible to do this. It may be more feasible to consider the
value of reducing some of the uncertainty,’” for example, by conducting another clinical trial or
continuing with an adaptive design when presented with interim data. The expected value of sample
information (EVSI) can be used to determine the value of a specific research design that will be used to
inform a decision.”?

“Comparative analysis of alternative courses of action in terms of both their costs and consequences.”*’

Health Economics

Methods

The methods of economic evaluation facilitate the comparison of
the costs and benefits of alternative technologies to determine
which is the most cost-effective.” Value of information analysis
(VOIA) methods assess whether it is worthwhile collecting further
information to inform a decision.” Table 1 provides a summary of
key terms in health economic analyses; Drummond et al*° provide
a comprehensive summary.

Objectives

Adaptive designs could compromise accuracy by introducing bias
into health economic analyses. This has the potential to nega-
tively affect patients and healthcare providers. It is important to
have a clear understanding of how adaptive designs and health
economics are considered together in the design, analysis, and
reporting of clinical trials.

The primary aim of this review is to establish how health
economic outcomes are used in adaptive trials in the design,
such as secondary outcomes or informing sample size using
VOIA methods; analysis, such as whether adjustments were
used to account for the adaptive nature of the trial; and
reporting, by applying elements of established reporting
guidelines.’*?°

Data Sources and Search Strategy

To identify a diverse and representative sample of adaptive de-
signs, six sources were used:

1. clinicaltrials.gov—a new review by this research team that in-
volves looking for trials with an adaptive design registered
from 2011 onward (accessed August 19, 2016).%°

2. Peer-reviewed journals via MEDLINE, EMBASE, Cochrane Li-
brary, and Web of Science—a new review aiming to identify
articles reporting the methods for health economic analysis of
adaptive designs. Any articles reporting a clinical trial with an
adaptive design were included in the current review.

3. Hatfield et al’—reviewed 158 registered clinical trials on
clinicaltrials.gov between 2000 and 2014 and the National
Institute for Health Research (NIHR) register and contacted
experts for known adaptive designs.

4. Stevely et al”’—reviewed the reporting of 68 published clinical
trials using a GSD identified on MEDLINE for years 2001 to 2014.

5. Health Technology Assessment (HTA) journal—the journal pub-
lishes research on the effectiveness, costs, and broader impact
of healthcare technologies used on the NHS, including the re-
sults of clinical trials funded by the NIHR Health Technology
Assessment Programme.


http://clinicaltrials.gov
http://clinicaltrials.gov
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6. Known adaptive designs—identified by contacting experts in
statistics and health economics—known to the research team
and via emails sent to the online forums AllStat (Sep. 28, 2016)
and HealthEconAll (Sep. 29, 2016).

To identify articles on clinicaltrials.gov and the HTA journal
the search strategy implemented by Hatfield et al’ (see Appendix 1
in Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.11.008) was used. The strategy aimed to identify trials with an
adaptive design using common words such as “adaptive,”
“sequential,” and “interim.” Development and validation of the
strategy is reported in Hatfield et al.”

Inclusion Criteria

Five reviewers [F.A., R.B., L.F., S.AJ,, K.P.] identified articles that
met criteria adapted from Hatfield et al’:

1. Trial documentation available in English

. Phase III clinical trial

3. Trial investigating an intervention(s) on humans with a
comparator

4. Registered or published before Aug. 1, 2016

5. Multiple treatment arms

6. An adaptive design clinical trial—defined to be a trial with any
preplanned early examination of the data, including any
monitoring of the data by a data monitoring and ethics com-
mittee (DMEC) where it is clear that there had been or thereis a
planned formal analysis of the data

7. A planned health economic analysis

N

The chief investigator for clinical trials with a preplanned
adaptive design but with no clear health economic analysis was
contacted via email to ask whether any health economic analyses
were carried out.

Data Extraction

For trials that met the inclusion criteria, information was
extracted relating to their characteristics, design, analysis, and
reporting. A data extraction sheet was developed usingitems from
five key checklists or quality assessment processes in the areas of
clinical trials, health technology assessment, and cost-
effectiveness, including the CONSORT statement and the
CHEERS checklist.”**>?%

We identified trial documentation using the information from
trial registries, protocols, and journal publications (identified via
MEDLINE and Google Scholar). When a large number of results
were returned by a database, they were sorted by relevance and
date to identify the most relevant publications. To assess the
reporting of the trial results we used the main trial paper or HTA
monograph.

Inclusion criteria were applied and data were extracted inde-
pendently by two reviewers. Any discrepancies were resolved by a
group discussion. All data were checked and cleaned by [L.F.].
Some of the information extracted, such as the level of detail re-
ported about health economics in the protocol and reporting
questions, required a subjective decision, and [L.F.] therefore
reviewed data extracted by the team and made a final decision for
consistency. Any subsequent changes were documented.

Outline of Analysis

A descriptive analysis was undertaken to provide an overview of
how health economics was used in the sample of adaptive de-
signs. Continuous variables were summarized using their mean
and standard deviation (SD). Categorical variables were summa-
rized using counts and percentages.

Results

A total of 553 articles were identified (see Fig. 1). Of these, 278 were
identified on clinicaltrials.gov and 159 were registered before 2011.
[L.F.] applied the inclusion criteria to a subsample of 79/159
clinicaltrials.gov articles from 2010 or earlier. In this subsample,
only one trial was found to meet the inclusion criteria. It was
decided to omit the 159 clinicaltrials.gov trials registered before
2011 from the review. This decision is justified by the work of
Hatfield et al that found that adaptive designs were increasingly
used between 2012 and 2013.” Given the small number of articles
identified in the subsample, it is unlikely that many trials have
been missed.

Thirty-seven trials met the inclusion criteria and were subject
to full data extraction.

Trial Characteristics

All trial characteristics are summarized in Table 2. The types of
adaptive designs identified are summarized in Table 3. One trial
did not provide sufficient information to assess the methods used.
It was common for multiple adaptations to be implemented in a
single trial. Table 3 includes all the adaptations.

The rationale for choosing an adaptive design was clear in 38%
(14/37) of trials. The most common rationale was to check the
uncertain assumptions made at the design stage of the trial. For
example, the EVIDENCE study>" identified that there was a lack of
information to inform their sample size. They preplanned an
interim analysis to re-estimate the required number of patients to
achieve sufficient statistical power.

Health Economics in the Design

A trial protocol was identified in 73% (27/37) of the trials. The
prespecification of health economic analyses was limited with
41% (11/27) of trials not providing any detail and 59% (16/27)
providing only limited detail in the trial protocol, such as a para-
graph outlining that a Markov model would be used for the health
economic analysis but little further elaboration. A total of 15% (4/
27) of trials included a full analysis plan for their proposed sta-
tistical analyses in their protocol, and 85% (23/27) provided limited
detail. Fifty-two percent (14/27) of the trials reported limited detail
relating to both their health economic and statistical analyses.
Some trials may have reported a full statistical analysis or health
economic analysis plan in a separate document not appended to
the protocol, which we have not captured.

The role of health economic outcomes in the design of the
adaptive trials was limited (see Table 4). “GDHT,”**"** “PRESSURE-
2,°% and “OPTIMA™*®>® were considered to have used health
economics in their design. The OPTIMA trial listed a health eco-
nomic outcome as a primary outcome; nevertheless, this was not
considered in any sample size calculation. The Persephone study
listed costs and quality of life outcomes in relation to their study
design, but it was not clear what role these outcomes took.*

OPTIMA considered using VOIA to inform their design and
PRESSURE II planned to include an EVSI analysis at an interim.

Health Economics in the Analysis Conducted

Information about the analysis of the adaptive designs was
extracted from trials with results available (51% [19/37]). The
remaining 18 trials did not have any results at the time of data
extraction and so were not included.

Of the 19 trials, we identified those thought to require adjust-
ment to their analysis to allow for the adaptive nature of the
design, specifically trials using a GSD. The reporting of the
methods was not always explicitly clear and a judgment was
made about the need for adjustment. Where a trial simply stated


http://clinicaltrials.gov
https://doi.org/10.1016/j.jval.2018.11.008
https://doi.org/10.1016/j.jval.2018.11.008
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
https://doi.org/10.1016/j.jval.2018.11.008
https://doi.org/10.1016/j.jval.2018.11.008
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Trials identified for review (n=553)
. Clinicaltrials.gov (n=278)
. Health Technology Assessment Journal (n=47)
. Hatfield et al [9] (n=36)
. Literature review (n=113)
. Known adaptive designs (n=11)

. Stevely et al [10] (n=68)

Trials excluded (n=516)
. Pre 2011 clinicaltrials.gov (n=159)
. Duplicates (n=54)

. Not a multiple arm, clinical trial (n=59)

Trials analysed in the review (n=37)

. Not phase III (n=14)
. Not pre-planned adaptive (n=126)
D No health economics (n=100)

. Paper not found (n=4)

Fig. 1 - Flow of articles through the review.

that there was an interim analysis (4 trials), it was assumed that
this was a GSD, as this is the most common type of adaptation
used in practice as identified by Hatfield et al, where 78% of phase
III trials used a GSD.”*° Two of the 19 trials were not thought to
have used sequential methods or required adjustment; one used
adaptive randomization and the second a sample size re-
estimation.

In the remaining 17/19 trials, for which an adjustment of the
point estimate for the primary and any correlated secondary
outcomes was thought appropriate, there was no clear indication

Table 2 - Summary of the trial characteristics meeting the

inclusion criteria.

Characteristic Category n %
State Ongoing 8 22
Recruiting 7 19
Completed 20 54
Not clear 2 5
Country of chief Canada and USA 9 24
investigator
China 1 3
Europe (not including UK) 9 24
UK 17 46
Funder Private 6 16
Public 25 68
Private and public 2 5
Not clear 4 11
Experimental treatment Medicinal 17 46
Device 3 8
Educational 2 5
Psychological 0 0
Complex intervention 0 0
Other 15 41
Comparator Active 35 95
Placebo 2 5
Therapeutic area Oncology 11 30
Cardiology 5 14
Vascular and hematology 4 11
Spinal 2 5
Other 15 41

that the primary outcome was adjusted. In addition, none of the
17 trials indicated whether they used adjusted primary or sec-
ondary outcomes in their health economic analysis.

Health Economic Analysis Using Interim Data

Tessitore et al reported the interim analysis of a randomized trial
on the elective repair of subclinical stenosis (ISRTC69115386).*"
The authors calculated the cost-effectiveness of the intervention
using the interim data. They concluded that, given a large clinical
benefit of the intervention and little difference in cost, it was
unethical to continue the trial. There was no indication as to
whether the treatment effect estimate was adjusted for the
interim analysis.

Health Economics in the Reporting

Of the 19 trials with results available, 1 trial provided results only
on clinicaltrials.gov and a second had information only in a short
conference abstract; therefore, it was not possible to assess their

Table 3 - Summary of how health economic outcomes

were considered in the design of the adaptive design
clinical trials in the review.

Characteristic Category n %
Were health economic outcomes Yes 3 8
considered in the design? No 32 86
Not clear 2 5
Were any health economic outcomes Yes 1
a primary outcome? No 34 92
Not clear 2 5
Were health economic outcomes considered Yes 0
in the sample size calculation? No 34 92
Not clear 3
Was value of information analysis Yes 2 5

considered in the design? No 32 86
Notclear 3 8

Two trials were conference abstracts and the third did not have a
protocol available.
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Table 4 - Summary of the adaptations used in a trial.

Type of adaptation n %
Adaptive randomization 1 2
Drop the loser 2 3
Internal pilot 12 20
Sample size re-estimation 7 12
Efficacy 3 5
Efficacy and futility 4 7
Efficacy and safety 9 15
Futility 5 8
Futility and noninferiority 1 2
Futility and safety i 2
Futility and safety and efficacy 5 8
Interim* 4 7
NA 1 2

All adaptations discussed in a particular trial are included. There-

fore, percentages are expressed in terms of the total number of

adaptations.

" Interim denotes a trial where an interim examination of the data
was mentioned but it was not possible to ascertain the motivation
or methods used.

reporting. Table 5 summarizes how well the trials reported their
results.

There was little consideration for how the adaptive design
might impact the clinical and a health economic analyses. One
trial discussed how stopping at an interim analysis resulted in less
data and therefore greater uncertainty in the health economic
analysis. The authors also acknowledged that this would likely
affect the generalizability of their results. It was clear for only one
trial that prior interim results were available and were discussed
at a conference and disseminated to trial participants.

Exemplars

The following trials highlight the use of adaptive designs and
health economics as part of the clinical trial process. None of the
exemplars seem to use health economics and adaptive designs to
their full potential or consider the impact that using data from an
adaptive design might have on their analysis. Nevertheless, given
the limited research and awareness in this area, these trials
illustrate the potential use of these methods.

Exemplar 1: OPTIMA Trial

The optimal personalized treatment of breast cancer using
multiparameter analysis (OPTIMA) trial illustrated how VOIA
methods could be used to inform the design and conduct of an
adaptive design.’**® The OPTIMA trial was designed to explore the
personalized treatment of breast cancer by using laboratory tests
to determine who should receive chemotherapy. This trial was an
adaptive design with two interim analyses assessing futility and
noninferiority.

The OPTIMA trial was preceded by a cost-utility analysis®®
using health economic modeling to determine the cost-
effectiveness of genomic test-directed chemotherapy and
chemotherapy for all patients. VOIA was used to inform the value
of conducting further research and highlight areas that required
further work. This showed substantial uncertainty in the cost-
effectiveness, and hence the OPTIMA prelim study was planned.

The OPTIMA prelim trial (ISRCTN42400492) was used to assess
the feasibility of a larger trial. One of the main objectives was to
evaluate the performance and health economics of different lab-
oratory tests to determine what would be evaluated in the main

Table 5 - Summary of the level of reporting in the
adaptive design (AD) clinical trials in the review.

Characteristic Category n %
Was the trial identified as an Yes 1 3
adaptive design in the title? No 16 43
NA 20 54
Was the economic evaluation or Yes 5 14
more specific identified in the title? No 12 32
NA 20 54
Was the economic evaluation or Yes 8 22
more No 9 24
specific identified in the abstract? NA 20 54
Were health economic outcomes Yes 9 24
discussed on the main trial paper? No 8 22
NA 20 54
Discussion of how the adaptive Yes 1 3
design No 14 38
might have impacted on the health Trial stopped 2 5
economic analysis before first
interim
NA 20 54
Was the potential for bias in the Yes 0 O
results discussed? No 15 41
Trial stopped 2 5
before first
interim
NA 20 54
Was the generalizability of the Yes 1 3
findings from the adaptive design No 14 38
discussed? Trial stopped 2 5
before first
interim
NA 20 54
Were lessons learnt from using the Yes 0 O
adaptive design discussed? No 15 41
Trial stopped 2 5
before first
interim
NA 20 54
Were prior interim results provided Yes 1 3
or discussed? No 11 30
Trial stopped 2 5
before first
interim

Trial stopped at 3 8
first interim
NA 20 54

Questions have been adapted”?’**! (n = 37).

trial. The analysis highlighted considerable uncertainty in the
cost-effectiveness of all the tests.*” A VOIA suggested that there
was high value in conducting further research. The EVSI calcula-
tion for a large trial with 2500 patients per arm, comparing
chemotherapy for all patients with chemotherapy directed by one
of the tests under consideration, was £8,397,961 for the 10-year
incident population, suggesting value in carrying out this research
design. Nevertheless, this calculation does not appear to have
informed the sample size calculation for the OPTIMA trial.*’

The OPTIMA program of research highlighted the opportu-
nities to use VOIA to design efficient trials by including a stop-go
decision before the full trial. A possible extension of these
methods could have been to use the stop-go criteria at the interim
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analysis to inform whether to stop or continue with the adaptive
trial with appropriate adjustments.

Exemplar 2: GDHT trial

The GDHT study for patients with proximal femoral fracture
included an interim analysis on efficacy and safety after 100 (from
a planned 460) patients had been recruited. At this point it was
decided to continue with the trial; nevertheless, after 50 further
patients were enrolled over the following 12 months, the decision
was made to stop the study.**>*

Before the trial, the authors developed a probabilistic decision
analytic cost-effectiveness model. The pretrial modeling high-
lighted that postoperative complications heavily influence the
cost-effectiveness of GDHT, and so the trial was designed to
assess the risk of postoperative complications and their influence
on quality of life. The pretrial model was then used for a VOIA
using interim data. Although this VOIA was not preplanned, the
authors highlight the potential for VOIA to be used in this way.
This study is a useful case study for using VOIA during an adaptive
design to inform whether it is cost-effective to continue with a
trial-based health economic grounds.

Exemplar 3: PRESSURE 2 trial

The PRESSURE 2 trial aimed to determine the clinical effectiveness
and cost-effectiveness of high specification foam and alternating
pressure mattresses for the prevention of pressure ulcers.®
Because there were no results available at the time of data
extraction, only the use of health economics in the design of the
trial was considered. The PRESSURE 2 considered the cost-
effectiveness of the research using interim data as part of an
EVSI calculation. This analysis will use the interim data to deter-
mine whether it is cost-effective to continue with the trial from an
NHS decision makers' perspective. This illustrates how health
economic outcomes can be used as part of the interim analysis of
an adaptive design.

Discussion

In our review of 37 clinical trials with an adaptive design and
health economic analysis, only 3 trials used health economic
outcomes in the design, and none of the trials seemed to appro-
priately adjust the health economic outcomes to account for
biases introduced by the adaptive study design. One study used
health economic outcomes at the interim analysis in the 19 trials
with results. The reporting of health economic results was sub-
optimal for all trials.

Trial Characteristics

We found that the majority of trials were UK based and 68% (25/37)
of trials were publicly funded. In the previous review by Hatfield
et al, adaptive designs were found to be predominantly conducted
in the United States and Canada.’” In addition, Hatfield et al” and
Stevely et al”’ found that industry-funded trials were more com-
mon with 101/143 and 35/68 trials, respectively. This contrast
could reflect the important role of health economic analyses in
healthcare decision-making in the public UK setting.”

Design

Although VOIA was considered by two trials, none discussed
using VOIA to inform their adaptive design, such as the optimal
number of interim analyses. This highlights a missed opportunity
to potentially increase the efficiency of adaptive designs by using
health economic outcomes to identify the most cost-effective
design.

Analysis

We found that many authors were not adjusting their clinical or
health economic analyses to allow for the adaptive nature of the
trial. A similar finding was reported by Stevely et al,”” who found
that the bias correction for early stopping (for clinical effective-
ness outcomes) was reported only in 7% (3/46) of GSDs.

The interim analysis of an adaptive design presents an op-
portunity to maximize the available interim data by considering:

e Clinical effectiveness

o Cost-effectiveness of the
effectiveness analysis

o Cost-effectiveness of the research using a VOIA

intervention using a cost-

Currently these opportunities are rarely being used.

Reporting

We identified that the reporting of adaptive designs with health
economic analyses was poor. Reporting guidelines for the results
of clinical trials impacts the design, conduct, and analysis by
leaving no place for bad practice or poor choice of methods to be
hidden.?* Poor reporting makes it difficult for researchers using
the results of the trial to identify whether an adaptive design was
used and that analyses may need to be adjusted. Given the
importance of cost-effectiveness to decision makers, itis vital that
information can be easily identified so that the whole body of
evidence can be considered. There is also no opportunity for re-
searchers to learn from past research to improve their own
adaptive designs with a health economic analysis. These findings
reiterate Stevely et al,”” who found that reporting of clinical out-
comes was limited and highlight that this issue also extends to
health economic outcomes.

Reflection on the Current Methodological Literature

The use of health economics to inform the design and interim
monitoring of adaptive designs has received some attention in
the methodological literature. A number of authors use Bayesian
decision theory with dynamic programming methods to incor-
porate costs and utility into sequential decision problems. Berry
and Ho™ determined stopping boundaries for a one-sided
sequential clinical trial, where consequences of possible de-
cisions were considered explicitly on a monetary scale. Their
approach allows the trial to stop early if there is sufficient evi-
dence to suggest that it is futile to continue. This approach has
been extended by authors such as Lewis et al,**** Cressie and
Biele,*® and Miiller et al.*’

More recently, Willan and Kowiger*® considered the use of
EVSImethods to determine the optimal sample size for multistage
clinical trials. This work was extended by Chen and Willan*® to an
industry perspective. Pertile et al’® used a Bayesian sequential
economic evaluation model to approximate an optimal stopping
rule based on cost-effectiveness. The rule considers the cost of
carrying out further research against the value gained from hav-
ing a more accurate estimate of cost-effectiveness. Chick et al**
extended this to consider trials with a delay in observing the
response.

This review has highlighted how these methods are yet to
translate into practice. Possible explanations are that some of the
proposed methods have a high computational burden,””>*
requiring backward induction methods, and can be considered
only in a limited number of scenarios. Newer methods have not
yet had the chance to be applied in practice and reported.*%°%>*

At the time of writing, we are not aware of any literature that
discusses the impact of adaptive designs on the health economic
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analysis, specifically the potential for bias to be introduced by the
adaptive design.

Limitations of This Work

The sample of adaptive designs reviewed were identified from a
range of sources; nevertheless, this will not include every adaptive
design. We chose to exclude trials identified using clinicaltrials.
gov before 2011; nevertheless, given the limited use of adaptive
designs before this time we do not believe that this exclusion will
affect the representativeness of our sample. The level of detail
provided on clinicaltrials.gov can vary, which meant that many
trials were excluded because there was insufficient information to
determine whether it was an adaptive design. This issue was also
faced by Hatfield et al.” The trials in which a health economic
analysis was planned after the adaptive design was proposed
were not captured. There are likely to be consequences for these
types of analyses if they use data from adaptive trials too and this
should be considered when planning such analyses.

A number of the main trial reports did not give details about
health economic analyses conducted, and so it was difficult to
ascertain the methods used and whether any adjustments were
made for the adaptive nature of the trial.

Recommendations

We recommend that proposed health economic analyses should
be outlined in a detailed Health Economic and Decision Modelling
Analysis Plan (HEDMAP) before the start of an adaptive design.
Although this is recommended by the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR)>® this was
not commonplace. Prespecification of all analyses is important in
adaptive designs to protect the validity and integrity of the re-
sults,” especially for trials using health economic analyses to
inform interim decision making. Ideally, guidance developed for
the use of health economic analysis plans®® should consider
specific guidance for adaptive designs.

To improve the reporting of the health economic analysis of
adaptive designs the CHEERS checklist should be extended for
adaptive designs. The ongoing ACE project aims to develop
CONSORT guidelines tailored to the specific requirements of an
adaptive design,”” an important issue identified in reviews by
Stevely et al,”’ Mistry et al,*® and Bothwell et al.® Extending this
statement will address some of the reporting issues identified in
this review; nevertheless, the CONSORT guidelines do not include
the reporting of health economics. Appropriate points from these
guidelines should be applied to clinical trial registries and in the
trial protocol.

Conclusions

Appropriate consideration is rarely given to the health economic
analysis of adaptive designs. This could mean that trials are
stopping early based on efficacy outcomes but with insufficient
evidence to demonstrate the cost-effectiveness of the health
technology; continuing unnecessarily when there is already suf-
ficient evidence for decision making with respect to cost-
effectiveness; and drawing incorrect conclusions in the health
economic analysis as the bias introduced by the study design has
not been accounted for in the analysis.

Exploration of the methodological challenges and identifica-
tion of the practical and ethical issues are required to establish
whether adaptive designs and health economic analyses can be
used together to increase the efficiency of health technology as-
sessments without compromising accuracy.

Acknowledgment

Laura Flight is funded by a National Institute for Health Research
(NIHR), Doctoral Research Fellowship for this project. This article
presents independent research funded by the NIHR. The views
expressed are those of the authors and not necessarily those of
the NHS, the NIHR, the Department of Health and Social Care or
the University of Sheffield.

Supplemental Materials

Supplementary data associated with this article can be found in
the online version at https://doi.org/10.1016/j.jval.2018.11.008.

REFERENCES

1. National Institute for Health and Care Excellence. Guide to the Methods
of Technology Appraisal 2013. http://www.nice.org.uk/article/pmg9/
chapter/foreword. Accessed July 27, 2018.

2. Canadian Agency for Drugs and Technologies in Health. Guidelines for the
Economic Evaluation of Health Technologies: Canada, 2006. Ottawa:
Canadian Agency for Drugs and Technologies in Health; 2014.

3. Pharmaceutical Benefits Advisory Committee. Guidelines for Preparing
Submissions to the Pharmaceutical Benefits Advisory Committee. Australian
Government, Department of Health and Ageing; 2008.

4. NIHR Health Technology Assessment Programme Call for Expressions of
Interest. Funding for Primary Research Using Efficient Study Designs to
Evaluate Clinical and Public Health Interventions for the NHS. Specification
document; 2014. https://njl-admin.nihr.ac.uk/document/download/
2012671. Accessed February 21, 2019.

5. Gallo P, Chuang-Stein C, Dragalin V, et al. Adaptive designs in clinical
drug development—an executive summary of the PhRMA Working
Group. ] Biopharm Stat. 2006;16:275—283.

6. Chow S-C, Corey R. Benefits, challenges and obstacles of adaptive
clinical trial designs. Orphanet J Rare Dis. 2011;6:79—89.

7. Hatfield I, Allison A, Flight L, Julious SA, Dimairo M. Adaptive designs
undertaken in clinical research: a review of registered clinical trials.
Trials. 2016;17:150—163.

8. Bothwell LE, Avorn J, Khan NF, Kesselheim AS. Adaptive design clinical
trials: a review of the literature and ClinicalTrials. gov. BMJ Open.
2018;8:€018320.

9. Whitehead J. The Design and Analysis of Sequential Clinical Trials. 2nd
edition (revised). Amsterdam: Ellis Horwood; 1997.

10. Jennison C, Turnbull BW. Group Sequential Methods with Applications to
Clinical Trials. London: Chapman and Hall/CRC; 2000.

11. Whitehead J. Supplementary analysis at the conclusion of a sequential
clinical trial. Biometrics. 1986;42:461—471.

12. Emerson SS, Fleming TR. Parameter estimation following group
sequential hypothesis testing. Biometrika. 1990;77:875—892.

13. Liu A, Hall WJ. Unbiased estimation following a group sequential test.
Biometrika. 1999;86:71—78.

14. Chow SC, Chang M. Adaptive Design Methods in Clinical Trials. 2nd ed. Boca
Raton, FL: CRC Press; 2012.

15. U.S. Food and Drug Administration. Adaptive Design Clinical Trials for
Drugs and Biologics. Draft Guidance; 2010. https://www.fda.gov/down
loads/drugs/guidances/ucm?201790.pdf. Accessed July 30, 2018

16. Avery KN, Williamson PR, Gamble C, et al. Informing efficient
randomised controlled trials: exploration of challenges in developing
progression criteria for internal pilot studies. BMJ Open. 2017;7:e013537.

17. Pallmann P, Bedding AW, Choodari-Oskooei B, et al. Adaptive designs in
clinical trials: why use them, and how to run and report them. BMC Med.
2018;16:29—44.

18. Chilcott J, Brennan A, Booth A, Karnon J, Tappenden P. The role of
modelling in prioritising and planning clinical trials. Health Technol
Assess. 2003;7:1-25.

19. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW.
Methods for the Economic Evaluation of Health Care Programmes. Oxford:
Oxford University Press; 2015.

20. Griffin S, Welton NJ, Claxton K. Exploring the research design space: the
expected value of information for sequential research designs. Med Decis
Mak. 2010;30:155—162.

21. Welton NJ, Ades AE, Caldwell DM, Peters TJ. Research prioritization
based on expected value of partial perfect information: a case-study on


http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
https://doi.org/10.1016/j.jval.2018.11.008
http://www.nice.org.uk/article/pmg9/chapter/foreword
http://www.nice.org.uk/article/pmg9/chapter/foreword
https://njl-admin.nihr.ac.uk/document/download/2012671
https://njl-admin.nihr.ac.uk/document/download/2012671
https://www.fda.gov/downloads/drugs/guidances/ucm201790.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm201790.pdf
https://doi.org/10.1016/j.jval.2018.11.008
https://doi.org/10.1016/j.jval.2018.11.008

398

VALUE IN HEALTH 22 (2019) 391-398

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

interventions to increase uptake of breast cancer screening. J R Stat Soc
Ser A Stat Soc. 2008;171:807—834.

Ades AE, Lu G, Claxton K. Expected value of sample information in
medical decision modeling. Med Decis Mak. 2004;24:207—227.

Strong M, Oakley JE, Brennan A, Breeze P. Estimating the expected value
of sample information using the probabilistic sensitivity analysis
sample: a fast, nonparametric regression-based method. Med Decis Mak.
2015;35:570—-583.

Moher D, Schulz KF, Altman DG, et al. The CONSORT statement: revised
recommendations for improving the quality of reports of parallel-group
randomised trials. J Lancet. 2001;357:1191—1194.

Shemilt I, Mugford M, Drummond M, et al. Economics methods in
Cochrane systematic reviews of health promotion and public health
related interventions. BMC Med Res Methodol. 2006;6:55—66.
ClinicalTrials.gov. Background; 2017. https://clinicaltrials.gov/ct2/about-
site/background. Accessed July 27, 2018

Stevely A, Dimairo M, Todd S, et al. An investigation of the
shortcomings of the CONSORT 2010 statement for the reporting of group
sequential randomised controlled trials: a methodological systematic
review. PLoS One. 2015;10:e0141104.

Husereau D, Drummond M, Petrou S, et al. Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) statement. Eur ]
Heal Econ. 2013;14:367—372.

Detry MA, Lewis RJ, Broglio KR, Connor JT, Berry SM, Berry DA.
Standards for the Design, Conduct, and Evaluation of Adaptive
Randomized Clinical Trials; 2012. http://www.pcori.org/assets/
Standards-for-the-Design-Conduct-and-Evaluation-of-Adaptive-
Randomized-Clinical-Trials.pdf. Accessed July 30, 2018, 1-57.

SAACTD Workshop Committee. Connecting Non-Profits to Adaptive
Clinical Trial Designs: Themes and Recommendations from the Scientific
Advances in Adaptive Clinical Trial Designs Workshop. 2009. https://
custom.cvent.com/536726184EFD40129EF286585E55929F/files/2627
e73646ce4733a2c03692fab26fff.pdf. Accessed February 21, 2019.

North RB, Kumar K, Wallace MS, et al. Spinal cord stimulation versus re-
operation in patients with failed Back Surgery Syndrome: An
international multicenter randomized controlled trial (EVIDENCE
Study). Neuromodulation. 2011;14:330—335.

Bartha E, Davidson T, Brodtkorb T-H, Carlsson P, Kalman S. Value of
information: interim analysis of a randomized, controlled trial of goal-
directed hemodynamic treatment for aged patients. Trials. 2013;14:1—10.
Bartha E, Arfwedson C, Imnell A, Fernlund ME, Andersson LE, Kalman S.
Randomized controlled trial of goal-directed haemodynamic treatment
in patients with proximal femoral fracture. Br ] Anaesth.
2012;110:545-553.

Bartha E, Davidson T, Hommel A, Thorngren KG, Carlsson P, Kalman S.
Cost-effectiveness analysis of goal-directed hemodynamic treatment of
elderly hip fracture patients before clinical research starts.
Anesthesiology. 2012;117:519—530.

Brown S, Smith IL, Brown JM, et al. Pressure RElieving Support SUrfaces:
a Randomised Evaluation 2 (PRESSURE 2): study protocol for a
randomised controlled trial. Trials. 2016;17:604—616.

Stein RC, Dunn JA, Bartlett JM, et al. OPTIMA prelim: a randomised
feasibility study of personalised care in the treatment of women with
early breast cancer. Health Technol Assess. 2016;20:1—202.

Stein RC. OPTIMA Personalised Treatment of Breast Cancer Trial
Protocol; 2016. https://www.journalslibrary.nihr.ac.uk/programmes/
hta/1034501/#/. Accessed July 30, 2018.

Hall PS, McCabe C, Stein RC, Cameron D. Economic evaluation of
genomic test-directed chemotherapy for early-stage lymph node-
positive breast cancer. ] Natl Cancer Inst. 2012;104:56—66.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Earl H. Duration of Trastuzumab with Chemotherapy in Women with
Early Breast Cancer: Six Months versus Twelve. Persephone Protocol; 2009.
https://www.journalslibrary.nihr.ac.uk/programmes/hta/0630398/#/.
Accessed July 30, 2018.

Marshall A, Dunn JA, Mistry P. A literature review of applied adaptive
design methodology within the field of oncology in randomised
controlled trials and a proposed extension to the CONSORT guidelines.
BMC Med Res Methodol. 2017;17:108—117.

Tessitore N, Bedogna V, Poli A, et al. Should current criteria for detecting
and repairing arteriovenous fistula stenosis be reconsidered? Interim
analysis of a randomized controlled trial. Nephrol Dial Transplant.
2014;29:179-187.

Hall PS, Smith A, Hulme C, et al. Value of information analysis of
multiparameter tests for chemotherapy in early breast cancer: the
OPTIMA prelim trial. Value Health. 2017;20:1311—-1318.

Berry DA, Ho CH. One-sided sequential stopping boundaries for
clinical trials: a decision-theoretic approach. Biometrics.
1988;44:219-227.

. Lewis RJ, Lipsky AM, Berry DA. Bayesian decision-theoretic group

sequential clinical trial design based on a quadratic loss function: a
frequentist evaluation. Clin Trials. 2007;4:5—14.

Lewis RJ, Berry DA. Group sequential clinical trials: a classical evaluation
of Bayesian decision-theoretic designs. ] Am Stat Assoc.
1994;89:1528—1534.

Cressie N, Biele J. A sample-size-optimal Bayesian procedure for
sequential pharmaceutical trials. Biometrics. 1994;50:700—711.

Miller P, Berry DA, Grieve AP, Smith M, Krams M. Simulation-
based sequential Bayesian design. J Stat Plan Inference.
2007;137:3140—3150.

Willan A, Kowgier M. Determining optimal sample sizes for multi-stage
randomized clinical trials using value of information methods. Clin
Trials. 2008;5:289—300.

Chen MH, Willan AR. Determining optimal sample sizes for multistage
adaptive randomized clinical trials from an industry perspective using
value of information methods. Clin Trials. 2013;10:54—62.

Pertile P, Forster M, Torre DL. Optimal Bayesian sequential sampling
rules for the economic evaluation of health technologies. ] R Stat Soc Ser
A. 2014;177:419—-438.

Chick S, Forster M, Pertile P. A Bayesian decision theoretic model of
sequential experimentation with delayed response. J R Stat Soc Series B
Stat Methodol. 2017;79:1439—1462.

Carlin BP, Kadane JB, Gelfand AE. Approaches for optimal
sequential decision analysis in clinical trials. Biometrics.
1998;54:964—975.

Kadane JB, Vlachos PK. Hybrid methods for calculating optimal few-
stage sequential strategies: data monitoring for a clinical trial. Stat
Comput. 2002;12:147—152.

Orawo LA, Christen JA. Bayesian sequential analysis for multiple-arm
clinical trials. Stat Comput. 2009;19:99—109.

Ramsey SD, Willke RJ, Glick H, et al. Cost-effectiveness analysis
alongside clinical trials I—an ISPOR Good Research Practices Task Force
report. Value Health. 2015;18:161-172.

Dritsaki M, Gray A, Petrou S, Dutton S, Lamb SE. An annotated guideline
to the use of a health economics analysis plan (heap) alongside
randomised controlled trial. Meeting abstracts from the 4th
International Clinical Trials Methodology Conference (ICTMC) and the
38th Annual Meeting of the Society for Clinical Trials. Trials.
2017,18:200—435.

Dimairo M. The ACE Project. https://www.sheffield.ac.uk/scharr/secti
ons/dts/ctru/aceproject. Accessed December 5, 2017.


https://clinicaltrials.gov/ct2/about-site/background
https://clinicaltrials.gov/ct2/about-site/background
http://www.pcori.org/assets/Standards-for-the-Design-Conduct-and-Evaluation-of-Adaptive-Randomized-Clinical-Trials.pdf
http://www.pcori.org/assets/Standards-for-the-Design-Conduct-and-Evaluation-of-Adaptive-Randomized-Clinical-Trials.pdf
http://www.pcori.org/assets/Standards-for-the-Design-Conduct-and-Evaluation-of-Adaptive-Randomized-Clinical-Trials.pdf
https://custom.cvent.com/536726184EFD40129EF286585E55929F/files/2627e73646ce4733a2c03692fab26fff.pdf
https://custom.cvent.com/536726184EFD40129EF286585E55929F/files/2627e73646ce4733a2c03692fab26fff.pdf
https://custom.cvent.com/536726184EFD40129EF286585E55929F/files/2627e73646ce4733a2c03692fab26fff.pdf
https://www.journalslibrary.nihr.ac.uk/programmes/hta/1034501/#/
https://www.journalslibrary.nihr.ac.uk/programmes/hta/1034501/#/
https://www.journalslibrary.nihr.ac.uk/programmes/hta/0630398/#/
https://www.sheffield.ac.uk/scharr/sections/dts/ctru/aceproject
https://www.sheffield.ac.uk/scharr/sections/dts/ctru/aceproject
https://doi.org/10.1016/j.jval.2018.11.008
https://doi.org/10.1016/j.jval.2018.11.008

	A Review of Clinical Trials With an Adaptive Design and Health Economic Analysis
	Introduction
	Adaptive Designs
	Health Economics

	Objectives
	Methods
	Data Sources and Search Strategy
	Inclusion Criteria
	Data Extraction
	Outline of Analysis

	Results
	Trial Characteristics
	Health Economics in the Design
	Health Economics in the Analysis Conducted
	Health Economic Analysis Using Interim Data
	Health Economics in the Reporting
	Exemplars
	Exemplar 1: OPTIMA Trial
	Exemplar 2: GDHT trial
	Exemplar 3: PRESSURE 2 trial


	Discussion
	Trial Characteristics
	Design
	Analysis
	Reporting
	Reflection on the Current Methodological Literature
	Limitations of This Work
	Recommendations

	Conclusions
	Acknowledgment
	Supplemental Materials
	References


