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ABSTRACT

Background: Conclusions of the recent NICE
technology appraisal of treatments for attention-
deficit/hyperactivity disorder (ADHD) differ from
recommendations by other Health Technology
Assessment (HTA) agencies, such as the
Scottish Medicines Consortium (CMS) and the
Australian Pharmaceutical Benefits Advisory
Committee (PBAC). NICE did not identify
differences on grounds of clinical effectiveness
between treatment options studied and issued
technology guidance based on clinical profiles
of compounds and on drug acquisition costs.
The aim of the present study was to explore
the robustness of NICE assessment methods
when addressing a complex clinical problem
such as the evaluation of ADHD treatment
strategies. This robustness will be of interest
to international policy-makers, given the
widespread perception of NICE as a role model
for the implementation of HTAs including
economic evaluation.

Methods: A qualitative case study was
performed to critically appraise the technology
assessment report (AR) underlying NICE
conclusions, including a systematic search for
and analysis of relevant literature.

Results: The AR produced on behalf of NICE
was found to exhibit a range of anomalies.

X

Search criteria were not applied consistently,
and the available clinical evidence was not used
optimally; selection of clinical endpoints and
clinical trials for analysis were idiosyncratic.
The primary cost—effectiveness model relied
on six short-term studies only, and secondary
extensions combined heterogeneous study
designs and different clinical endpoints.
Neither the distinction between efficacy
and effectiveness nor the role of treatment
compliance in ADHD was addressed adequately.
Long-term extensions of the model were
impaired by use of inappropriate discount rates
and absence of consideration of long-term
sequelae associated with ADHD.

Conclusion: A review of the literature
strongly suggests that the NICE assessment
of ADHD treatment strategies was incomplete
and likely prone to bias. It is concluded that
NICE did not adequately accommodate a
complex clinical decision problem. Although
the present qualitative case study of one
assessment cannot, and was not designed
to, invalidate the NICE approach to economic
evaluation of healthcare programs, this
observation may have potentially far-reaching
implications for the generalizability of NICE-like
approaches.
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Introduction

The National Institute for Health and Clinical
Excellence (NICE) is widely regarded as a role model for
the implementation of Health Technology Assessments
(HTAs), including economic evaluation. The editors
of the British Medical Journal even suggested, ‘NICE
may prove to be one of Britain’s greatest cultural
exports’'. The NICE approach to economic evaluation
is based on the logic of cost-effectiveness and relies on
quality-adjusted life-years (QALYs) as a universal and
comprehensive measure of health outcomes, which
combines length and quality of life in a single index.
It remains to be established, however, how well the
highly standardized NICE approach can accommodate
complex clinical decision problems. One such example
is the choice of optimal treatment for children and
adolescents with attention-deficit/hyperactivity
disorder (ADHD)’.

Scope

Attention-deficit/hyperactivity disorder
(ADHD)

Accordingly the recent NICE appraisal of ADHD
treatments’ may serve as a case study to explore the
performance of NICE technology appraisals in practice.
ADHD is believed to represent the most common
psychiatric disorder in children and adolescents™® and
is associated with a substantial economic burden’,
affecting individuals with ADHD and their caregivers,
parents and other family members™. The economic
impact of ADHD is further exacerbated by its frequent
persistence into adulthood>*'", thus constituting a
chronic condition, and by serious long-term sequelae
including poor driving abilities', higher risks of
accidents and injuries'”", increased rates of tobacco,
alcohol and other substance use disorders"”, more
frequent antisocial behaviors'®'” and encounters with
the criminal justice system'®™?" across the lifespan, as
well as relatively poor educational outcomes and lower-
ranking occupational positions than controls®.

The major forms of clinically proven treatment for
ADHD are psychosocial interventions and medication
management®”?'. The scope of the present NICE
Technology Appraisal was limited to drug treatment
in children and adolescents*”. The NICE Appraisal
Committee found it was ‘not possible to distinguish
between the different [treatment] strategies on the grounds
of cost-effectiveness’*°, and ‘accepted the importance of
having a range of drug treatment options’**. Choice
of medication should be influenced by clinical profiles
of drugs, individual preferences, and the UK National
Health Service (NH) acquisition costs, as well as a
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number of other factors including the presence of
comorbidity, compliance issues, and potential for
diversion of medication®*. Thus guidance issued
by NICE deviated from the assessment, which had
concluded that ‘the results of the economic model
clearly identified an optimal treatment strategy of
1st-line dexamphetamine, 2nd-line methylphenidate
immediate-release for treatment failures, followed by
3rd-line atomoxetine for repeat treatment failures’,
without reference to methylphenidate modified-release
preparations™”’.

NICE guidance also differs from recommendations
issued by other HTA agencies and professional
organizations. For instance, the Scottish Medicines
Consortium (CMS) initially did not recommend
atomoxetine in February 2005, apparently on grounds
of the same evidence base as NICE, reasoning that the
economic case for atomoxetine had not been demon-
strated”. Following a full re-submission, it accepted
atomoxetine for restricted use within the NHS Scotland
only in June 2005, limiting its use to patients who do
not respond to stimulants or in whom stimulants should
not be given or are not tolerated”. The Australian
Pharmaceutical Benefits Advisory Committee rejected
atomoxetine ‘because of unacceptable and uncertain
cost-effectiveness’™, even as a second line option
after treatment failure with, or contraindications to,
stimulants®. A group of European clinical experts
reviewed the use of long-acting medications for
ADHD and proposed a treatment guideline placing
both dexamphetamine and atomoxetine as second-line
options for patients who did not respond to, or suffered
adverse effects from methylphenidate™, although this
group had been aware of the technology assessment
done on behalf of NICE?”. These discrepancies warrant
further inquiry.

Objectives

The objective of the present report is to analyze the
real-life performance and robustness of the methods
for health technology assessments as adopted by
NICE, when applied to a particularly challenging field
for economic analysis®, the assessment of treatment
strategies for ADHD. The present report will provide
a critique of the application of economic evaluation
techniques on behalf of NICE, i.e. it will ‘appraise
the appraisers’”. It will further establish the context
for a discussion of implications for healthcare policy-
makers™. This analysis will be of international interest
because of the policy relevance of NICE guidance in
England and Wales, its international spill-over effects*,
as well as the asserted ‘triumph of NICE’, which has
been said to be ‘conquering the world’'. One should
expect that the highly standardized approach of
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NICE*** would result in technology assessments
consistently meeting highest quality standards,
providing relevant information for stakeholders and
decision-makers (which include, in the case of NICE,
the appraisal committee and the clinical guideline
development group concerned with the technology
assessed), and being free of technical flaws, thus
rising beyond the limitations frequently encountered
77 Successful
accommodation of the complexities of ADHD would
be reassuring, while the presence of problems might
draw attention to possible underlying reasons and
hence areas of potential process improvement*.

with health economic evaluations

Methods

A qualitative case study was made of NICE Technology
Appraisal No. 98, ‘Methylphenidate, atomoxetine and
dexamfetamine for attention-deficit/hyperactivity
disorder (ADHD) in children and adolescents (Review
of Technology Appraisal 13)’, published March
2006°. The analysis presented here is part of a more
comprehensive study of the ADHD appraisal by this
author”*’ and is primarily concerned with the Technology
Assessment Report”, since this document ‘is used as
the basis of the appraisal’®. The resulting critique will
be presented in a spirit of scientific inquiry, and is not
intended to put blame for potential shortcomings on
any of the parties involved in the assessment. Rather
the author’s interpretation of underlying problem areas
and suggestions for international policy-makers will be
offered in a subsequent Commentary™.

The study had descriptive, explorative, and explan-
atory elements. First, the initial phase of the study
consisted of defining a theoretical framework for
analysis. Thisincluded a description of NICE technology
appraisal processes, which took place in a period of
substantial upgrade and definition of the so-called
‘reference case’ analysis by NICE***°. During this
phase, a thematic framework was defined, comprising
use of the ‘accountability for reasonableness’ concept
as a process benchmark®*"*’, the present critique of the
technology assessment report underlying the appraisal,
as well as a review of the clinical and economic
literature on attention-deficit/hyperactivity disorder®
in order to incorporate the complex interrelated issues
involved in this technology appraisal’.

The second phase of the study comprised data
collection employing a number of closely related
strategies. (1) From May 2004 to publication of
guidance in March 2006, the NICE website (www.nice.
org.uk) was visited at intervals of less than 1 month and
checked for newly posted information and documents
(including meeting minutes and announcements)
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on (a) the technology appraisal process and related
methods, (b) clinical guideline development, (c)
deliberations of the NICE Citizens’ Council, and (d)
ADHD. (2) Scientific articles cited in these documents
were obtained for analysis. (3) Independent literature
searches (using the PubMed and EBSCO databases as
well as Google Scholar) were conducted for articles
on ADHD diagnosis, treatment, compliance, cost, and
cost-effectiveness, and were (4) complemented by a
search for relevant abstracts presented at international
meetings in the fields of clinical psychiatry, child and
adolescent psychiatry, pediatrics, health economics,
and pharmacoeconomics. All searches for literature
fully covered the technology assessment period (from
June to December 2004, cf. below). After May 2005,
no further systematic searches for scientific literature
were conducted, and new papers were added to the
database in an opportunistic manner only. Collected
documents were indexed using categories including
study type, product tested, and subject matter (e.g.,
treatment compliance) for further analysis and
interpretation.

The present report is primarily concerned with
the use of clinical evidence for assessment”, which
was subjected to a critical appraisal by this author.
This included an examination of design choices and
justifications provided by the assessment group for
internal and external consistency”***. Unless specified
otherwise, the following citations will refer to the
assessment report”’ (AR).

Results

A detailed discussion of the appraisal process has been
provided earlier’. The assessment protocol” had been
completed June 22, 2004, and the assessment report”’
(AR) was prepared during the second half of the same
year. This document was completed by the assessment
group in December 2004 and comprised 605 pages
including 13 appendices. It recapitulated the scope of
the assessment”” and delineated briefly the background
of the health problem underlying the assessment,
identifying issues related to prevalence, etiology,
diagnostic criteria, symptoms, as well as psychiatric
comorbidity and social impairment, but not long-
term sequelae of the disorder (AR, pp. 34ff.). A brief
description of the medications studied was followed by a
methods section, which covered search, data extraction,
and analysis strategies for the effectiveness and the cost-
effectiveness reviews. Search criteria were designed
broadly to identify ‘ongoing and recently completed
research’ (AR, p. 42) by including, among others,
‘conference proceedings, reports, dissertations and
other grey literature’ (assessment protocol®”, pp. 2ff;

Is NICE infallible?  Schlander 517



AR, pp. 41{f.); ‘economic evaluations could include
cost—consequence, cost—utility, cost—effectiveness
analysis, cost-minimization and cost-benefit analyses’
(AR, p. 50). Deviating from the assessment protocol,
a restriction was introduced insofar as clinical studies
were excluded if they had been only published as
abstracts or as conference presentations (AR, p. 46).
Likewise ‘economic evaluations reported as conference
proceedings or abstracts were excluded since the data
they contain may not be complete’ (AR, p. 50, italics
added; for related consistency issues, see below and
Commentary™). In a recent overview, which focused on
the use of clinical data in health technology assessments
of rapidly evolving technologies, all but two assessment
groups producing evaluations on behalf of NICE were
reported to use data from conference abstracts and
presentations, and it was suggested that these ‘technology
assessment teams should increase their efforts to obtain
further study details by contacting trialists’".

Following an effectiveness review, the assessment
report offered ‘a systematic review of the health-
related quality of life and cost—effectiveness literature’
(AR, p. 50, pp. 177ff.) and a critical review of three
submissions by manufacturers of products evaluated
(AR, pp. 192ff.). For economic modeling, efficacy
data were synthesized using advanced mixed treatment
comparison methods, and utility, resource utilization,
and cost data as well as assumptions were described
extensively. The primary model was enhanced
by a number of probabilistic sensitivity analyses
designed to integrate various effectiveness measures,
alternative sources of utility data and different time
horizons (from age 1 year up to age 18). Although the
assessment group discussed limitations of its model,
notably data deficiencies, the interpretation of the
license of dexamphetamine, and situations where a
midday dose of medication might be unworkable,
it concluded that its ‘evaluation clearly identified
an optimal treatment strategy’ (cf. AR, pp. 260ff.).
The assessment report was subsequently published
as a peer-reviewed contribution to Health Technology
Assessment, apparently unchanged”, although the NICE
appeal panel had expressed disappointment about the
omission of an important clinical study (referred to
as ‘LYBI'*) in the assessment report*”"’. The appeal
panel had noted that its ‘disappointment was increased
by the fact that the original [assessment] protocol had
stipulated that both published and unpublished data
be included’’.

The present review of the technology assessment
identified gaps of the assessment related to critical
issues in the areas of scoping, the selection of clinical
evidence for evaluation, the distinction between efficacy
and effectiveness, including the role of treatment
compliance, the methodology used to synthesize data
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from multiple sources, the structure of the economic
model developed by the NICE assessment group, and
the relationship between cost—utility findings of the
assessment group and published cost—effectiveness
evaluations.

Scoping

The scope defined by NICE** provided the framework
for the analyses commissioned by the assessment group
and was narrower than that subsequently used for
development of clinical guidelines™***. It is especially
notable that the role of psychological interventions
remained beyond the scope of the technology appraisal,
despite their importance in clinical practice. The
traditional view in Europe has been that behavioral
treatment should be initiated preferably prior to
pharmacotherapy™, although in 2004 an upgrade of the
European clinical guidelines for hyperkinetic disorder
(which corresponds best to the impaired combined
subtype of ADHD?**"**) was published on behalf of the
European Society for Child and Adolescent Psychiatry
(ESCAP), recommending that medication should be
considered when psychosocial treatments alone are
insufficient™. Still, a key attribute of the treatment
paradigm for ADHD in clinical practice remains the
need to decide on the appropriate sequence of specific
therapies following diagnosis, education, advice, and
support™. To be optimally relevant, therefore, a health
technology assessment of therapeutic interventions
for ADHD might be reasonably expected to address
the choice between behavioral treatment, medication
management (including the specific type of drug to
select), or the combination of both, by providing
current data on their relative cost-effectiveness (cf.
Discussion, below).

Data selection for assessment

The number and heterogeneity of outcome measures
used in ADHD trials®® presents a real challenge
to a comprehensive research synthesis of treatment
effectiveness. Accordingly, the Canadian authors of
a recent review of 14 ‘long-term’ studies, in which
treatment was administered for 12 weeks or more,
refrained from conducting a formal meta-analysis®’.
Similarly, the authors of a prior systematic review for
the US Agency for Healthcare Research and Quality
(AHRQ) of November 1999 also deemed quantitative
meta-analysis, on the basis of 77 randomized clinical
trials (RCTs) selected, ‘inappropriate, since associated
with a greater chance of obtaining imprecise and
potentially misleading results’.

The general approach, as well as the specific
parameters chosen for analysis of ADHD outcomes,
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require careful consideration in terms of the reliability
and validity of measurement instruments, since the
consistency of outcome measures is particularly
challenging in this condition. It is widely accepted
among child and adolescent psychiatrists that parents
and teachers (as used as sources for the Conners CPRS
and CTRS rating scales) are the optimal informants
about the symptoms and behavioral problems
associated with ADHD™, and that the Conners Ratings
Scales (CRS) as a group represent the most widely
used and empirically supported instrument to assess
symptoms related to ADHD®. Accordingly, in a
quantitative systematic review commissioned by the
Canadian Coordinating Office for Health Technology
Assessments (CCOHTA) in 1998°*) 24 out of 26
eligible studies used a Conners Scale. Furthermore,
in the AHRQ Evidence Report of November 1999,
the Conners’ Scales were the most frequently used
instruments in 78 studies selected for review™. The
Conners scores were also, in the opinion of Schachar
and colleagues (2002) who rejected a formal
meta-analysis, the only scores allowing descriptive
quantitative synthesis of long-term data®’.

Thus, albeit excluding measures of inattention and
impulsivity, the choice of parent and teacher rating
scales of hyperactivity for the effectiveness review
was eminently justifiable”. Yet, inspection of the
clinical studies selected for technology assessment
reveals two important anomalies. One is an apparent
consistency problem resulting from the interpretation
by the assessment group of the inclusion requirement
that ‘studies must be of at least 3 weeks’ duration’”*.
To make sense out of this criterion, one would expect
minimum treatment duration of 3 weeks. Such an
expectation would be consistent with the rationale for
this 3 weeks’ cut-off given by the assessment group,
namely that ‘the effect of medication on behaviour
is often (not always) apparent immediately, but the
impact on the social adjustment of the child may
well not be apparent in the first days of therapy’
(AR, p. 45). This was justified by the assessment
group by way of reference to the DSM-IV diagnostic
manual (AR, p. 44f.) However, despite this rationale,
a minimum of 3 weeks situdy (not treatment) duration
was used by the assessment group as the inclusion
criterion. As a consequence, more than one-third of
the 64 (65, including the important MTA Study®*,
please see Discussion below) randomized trials selected
for the clinical effectiveness review (cf. Figure 1) were
crossover studies with observation periods shorter
than 3 weeks per treatment arm (usually 5-7 days;
indeed some studies specified daily crossovers between
treatment modalities)”. Moreover, some of these
crossover studies had been conducted without washout
phases between treatment periods, which obscured
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transparent statistical controls for potential carryover
effects”. One might argue that this interpretation was
formally correct, but it was hardly consistent with the
assessment group’s own reasoning that studies ‘based
either on single-dose administration or on treatment
over a few days’ had been ‘carried out to clarify the
mode of action [...] rather than as therapeutic trials,
so should not be included in assessments of clinical
value’ (AR, p. 45). No doubt the methodology actually
applied was inappropriate for examining the clinical
question raised, namely that of social adjustment.

While many very-short-term studies were included,
at the same time high-quality double-blind trials with
parallel-group design and 2 weeks’ treatment duration
were excluded from the effectiveness review (e.g.,
Biederman et al., 2003%), although these exclusions
were formally consistent with the predefined protocol®.
Other RCTs were overlooked, too. This is a crucial
oversight because some of these trials fulfilled the
inclusion criteria for effectiveness (and cost-effective-
ness) review; one (a head-to-head comparison of two of
the therapeutic options considered) followed a double-
blind, double-dummy parallel-group design with
6 weeks’ treatment duration (Newcorn et al., 2004*,
2005%); another one was a placebo-controlled, dose—
response study involving 297 randomized patients®.
Therefore, the clinical effectiveness review, a major
component of an assessment setting the stage for
economic evaluation, was impaired by technical errors,
notably an incomplete search and an inappropriate
interpretation of the inclusion criterion for studies to
document a minimum treatment period of 3 weeks.
These problems led to an idiosyncratic selection of
clinical evidence. As will be shown later, the problem
of overlooked data was not limited to the clinical
effectiveness review but extended to the review of
economic evaluations.

Further to this, the cost—effectiveness evaluation
provided by the assessment group deviated from the
approach taken for the effectiveness review in a number
of important ways (for justifications offered and related
consistency issues, cf. Table A3 of Appendix published
online). First, it relied for its ‘base case’ analysis
on the clinician-rated Clinical Global Impression-
Improvement subscale (CGI-I), scores of which were
transformed into ‘response rates’. Secondary economic
analyses were performed from response rates using
efficacy data from the clinician-rated Clinical Global
Impression-Severity subscale (CGI-S), the parent-rated
ADHD-RS, and finally the SNAP-IV scale, but again
not the Conners Scales. Second, the studies chosen
as inputs for cost—effectiveness analysis differed from
those selected for the effectiveness review. Although,
abstracting from some technical peculiarities mentioned
earlier, the selection of studies for the effectiveness
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review was made in a transparent manner using a set
of specified quality criteria, this did not hold for the
selection of studies used for economic modeling.

In order to calculate costs per QALY gained for the
present economic model, response rates were preferred
since they facilitate dichotomizing the effectiveness
data on the grounds that they indicate an ‘explicitly
identified clinically meaningful change’ (AR, p. 224).
(Needless to say, dichotomization of continuous
variables per se results in an upward distortion in
variation and may impede the detection of differences
between interventions under study®.) Although
the assessment group recognized that ‘the choice
of outcome measure is a critical design issue’ (AR,
p. 178) of an economic analysis, no reference at all was
made to the extensive body of scientific literature™****
concerning the psychometric properties, i.e. the
performance characteristics of the measures used. This
might have prevented the pooling of clinical global
impressions — assumed to capture health-related quality
of life (HRQoL) - with response rates derived from
narrow-band symptom scales, such as the ADHD-RS
and SNAP-IV instruments (cf. AR, p. 225), which do
not qualify as disease-specific HRQoL instruments as
implied by the assessment group (AR, p. 178). Further
this might have revealed the dubious psychometric
properties of the CGI-I subscale, which consists of one
item only and, by design, does not provide normative
information independent of baseline level™”* (for
justifications given by assessment group for its rejection
of Conners’ ratings, see AR, pp. 185f. and p. 224, and
Appendix, Table A3). These data were combined with
utility estimates based on parent proxy ratings, which —
except for one sensitivity analysis — were derived
from a study using EQ-5D questionnaires, which
were completed by parents in consultation with their
child” - contrary to a statement in the assessment report
claiming standard gamble experiments as their source
(AR, p. 235). None of the hypothetical health states
used for proxy-rating were congruent with any one of
the instruments used to determine ‘responders’****7*,

Though there is no compelling evidence to support
the choice of the CGI-I as a primary outcome measure
for cost—effectiveness evaluation in children and
adolescents with ADHD (in fact, the assessment
protocol®” had mentioned that ‘in addition physician
ratings of clinical global impression will be examined’,
suggesting CGI scores, not CGI-I subscale ratings, might
be used to support findings), a direct consequence of
these selection criteria was the substantial reduction
of the evidence base available for economic analyses.
After application of the selection criteria, notably
including reports of CGI-I subscores, only five studies
out of 65 used in the clinical effectiveness review were
left for inclusion in the economic analysis (Figure 1).
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The greatest data attrition was in studies involving
dexamphetamine: though 13 studies with a total of 334
patients had been integrated in the effectiveness review
(of which, seven studies with 221 patients reported
Conners ratings), no effectiveness data remained
after application of both filters. The assessment group
addressed this problem of complete data absence for
dexamphetamine by recurring to a study” involving
32 girls in a cross-over design that had been eliminated
from the effectiveness review earlier in the selection,
on grounds of ‘inadequate data presentation’ (AR,
p. 338). The assessment report accounts for this
anomaly by stating, ‘A number of studies excluded
from the effectiveness review, for reasons of data
presentation, were nevertheless found to provide
information on response rate. These studies were
therefore included in the calculation of response rates
for the cost—effectiveness analysis’ (AR, pp. 225f.). It
remains entirely unclear which studies in addition to
this dexamphetamine trial”® might have been added to
the database. The ultimate inclusion of this particular
study is noteworthy because, in the absence of other
data on dexamphetamine, it drove both the efficacy
synthesis as well as the withdrawal rate assumptions
(cf. below, ‘Economic model’ and Figure 2) underlying
the conclusion of the economic modeling exercises
undertaken that an ADHD treatment strategy starting
with first line dexamphetamine was optimal. All study
subjects were girls (see Appendix, Table A1), which
is an important consideration as gender differences
in ADHD are well documented"’® and influenced
by referral bias in some studies”’. Interestingly, the
authors of the study themselves concluded that their
data ‘provide additional support for the usual clinical
practice of beginning with methylphenidate’”.

The studies ultimately selected for the primary
economic model collectively comprised 1958 patients
(with one open-label study™” contributing 1323 of
these patients); 1727 of whom had been observed
for the minimum period of 3 weeks only. No clinical
effectiveness data beyond 8 weeks’ treatment duration
were available in this group of studies (Table A1).

Efficacy, effectiveness, and treatment
compliance

The distinction between efficacy (typically measured in
RCTs) and effectiveness (real-world outcomes associated
with an intervention) has long been recognized.
Whereas RCTs follow an explanatory orientation (‘can
the intervention work?’), economic evaluations to be
meaningful require a pragmatic orientation (‘does the
intervention work?’***'). It is commonly accepted that
the high internal validity of RCTs is achieved at the
expense of their external validity (i.e., generalizability),
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Evidence base

Literature search?’: 2908 publication titles identified and screened
AHRQ Review (Jadad et al., Nov. 1999%%): 78 trials (77 RCTs) selected
CCOHTA Review (Miller et al., Dec. 1998°"): 26 trials selected (n ~ 1000)
Schachar et al. (2002°7): 14 trials (> 12 weeks) selected (7 = 1,379)
MTA Cooperative Study Group (1999%%4): 4 groups, 2 years, n =579
Abikoff et al. (2004'3%); Klein et al. (2004'3%): 3 groups, 2 years, n =103

Filter 1

reporting core symptoms, quality of life,
adverse effects, or educational performance

RCTs examining MPH, DEX, or ATX,
alone or in combination, with or without NDT;
patients age < 18y; > 3 weeks study duration;

Effectiveness review
Focus on hyperactivity ratings

NIMH MTA Study®®12! (n = 435 out of n = 579)

64 randomized clinical studies (n ~ 7000)

plus

Filter 2

Economic model
Focus on CGI-I scores

Availability
of
CGI-I scores
(subscale)

S clinical studies (n = 1926), treatment duration 3-8 weeks, <+————
hereof 1 study with n = 1323 (Kemner et al., 20047¢7)

and 1 study “CIC”; 2

1 cross-over study previously excluded, n = 32 (Sharp et al., 199975)

Secondary extensions

Availability
of CGI-S
or ADHD-RS
or SNAP-IV

Extended economic model
Focus on “response rates”
defined by four different scales

13 clinical studies (7 > 2768); 4 studies “CIC”,
one “CIC” study could not be identified

plus

3 arms of NIMH MTA Study (n =435 out of n=1579)

Figure 1. Reduction of clinical evidence available for economic modeling after application of filters for effectiveness review
and cost-utility model. CIC, commercial-in-confidence

the reason being, besides other issues such as patient
and investigator selection effects, careful monitoring of
study subjects designed ‘to ‘control’ the environment ...
under a strict research protocol’®, as noted elsewhere
by the senior author of the assessment report: ‘Great
efforts are typically made in the conduct of a clinical
trial to ensure that patients consume their prescribed
medications. To the extent that patients do not comply
with the prescribed therapy, there may be a dilution
of the treatment effect originally observed in the
trial’®. As a consequence there has been a call for more
pragmatic clinical trials with minimal quality assurance
and study management in psychiatry, intended to
provide generalizable answers to important clinical

© 2008 LIBRAPHARM LTD - Curr Med Res 2008; 24(2)

questions without bias*. Accordingly, members of a
recent task force initiated by the International Society
for Pharmacoeconomics and Outcomes Research
(ISPOR) agreed that ‘it is generally acknowledged
that pragmatic effectiveness trials are the best vehicle
for economic studies’, and expressed the view that
‘artificially enhanced compliance’ in RCTs is a threat
to their external validity™.

Approach by assessment group

Instead of addressing these issues with respect to their
relevance for ADHD treatment, the assessment group
reasoned: ‘The exploration of the effects of non-
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compliance would involve a number of assumptions:
the assumption that RCT data capture none of the
effects of compliance; the application of a selected
estimate of compliance from a source outside of
the clinical trials; and an assumption regarding the
distribution of reduced compliance between morning,
lunchtime and evening doses of medication. It was
felt that these modelling assumptions would not be
reasonable given the lack of available data, which
would render the results of any sensitivity analysis
around compliance uninformative to decision-makers’
(AR, p. 233). Apparently, there was a prevailing
belief that compliance would be adequately captured
in controlled clinical trials and this is evident from
statements in the assessment report that ‘intention-
to-treat analyses are favoured in assessments as they
mirror the noncompliance ... that [is] likely to occur
when the intervention is used in practice’ (AR,
p. 28), and ‘in our base case analysis it is assumed
that the trial data adequately captures the effect of
compliance on response to treatment’ (AR, p. 232).
This is in striking contrast not only to textbook
statements mentioned earlier®®, which were made by
the senior author of the assessment, but also to the
conclusion reached in a recent review on the subject
of noncompliance: ‘A prime reason for the difference
between efficacy in RCTs and effectiveness in the
real world is the difference in patient compliance
which is generally better in the context of controlled
clinical trials’®. Specifically, in intent-to-treat analyses
the clinical data of the last patient visit are carried
forward for endpoint analysis, and this practice of
preserving data cannot be expected to reflect the
situation of a noncompliant, discontinued patient at
the time when the study has been completed. Hence
intent-to-treat analyses as such may in fact conceal
the impact of effectiveness variables such as treatment

compliance™®.

This approach to the problem of treatment com-
pliance is a major issue pervading the assessment, with
potentially far-reaching implications for its conclusions,
because it entails comparisons between different drug
regimens with different administration schedules.

The issue of noncompliance

The clinical impact of noncompliance is dependent
on the condition treated as well as the medication
in question”. Disease-specific factors that may be
expected to contribute to noncompliance” have not
been addressed in the assessment. These factors include
individual and/or parental attitudes towards (psycho-
tropic) medication that encompass potential concerns
about safety and long-term treatment, as well as social
stigma, particularly in association with a midday dose
in children who may become the target for schoolyard
bullying (aside from the potential risk of drug diversion
in schoolyards’”, which interestingly was associated
with immediate-release stimulants only’"), disease-
defining symptoms such as inattention (including
their rapid recurrence 3—4 hours after the last dose of
immediate-release methylphenidate), and the presence
of comorbidity — externalizing disorders such as
oppositional and defiant disorder and/or internalizing
ones such as anxiety and depression (Table 1).

With regard to medication, a systematic review” of
76 clinical studies employing electronic monitoring
devices (MEMS) confirmed earlier findings about
the statistically significant (p < 0.001 among dosing
schedules™) inverse relationship between number of
daily doses required and rate of compliance. ‘Dose-
taking compliance’ was defined in most studies included
in the review as the proportion of days in which the
appropriate number of doses were taken. ‘Dose-timing
compliance’, a measure of intake of medication within
the defined time frame, was defined as within 25% of

Table 1. Specific factors affecting compliance with attention-deficit/hyperactivity disorder (ADHD) treatment
(modified after Swanson 2003™)

Reluctance to take medication

e Social stigma associated with taking medication for a psychiatric disorder

e Embarrassment, resulting in teasing and bullying by peers

e Parental (and/or individual) attitudes to psychostimulant medication

e Concerns over long-term safety and treatment effects

Inadequate supervision
Disorder-related factors

e Oppositional and defiant behavior
e Easy distractibility

e Poor self-control

e Coexisting depression
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the dosing interval (e.g., twice daily doses should be
taken 12 + 3 hours apart). Dose-timing compliance
is particularly important for drugs with a duration of
action of less than 24 hours.

These data provide quantitative information
about the extent that compliance may be negatively
influenced by more complex dosing regimens
across a variety of medical conditions (Table 2). Of
note, even the use of medication event monitoring
systems (MEMS) may result in underreporting of
noncompliance, because there is no guarantee that
opening the EM device to remove a tablet means
that the dose was actually taken. It is nevertheless
considered to represent the current gold standard in
compliance measurement. Compliance rates revealed
with MEMS are more accurate and consistently lower
than those estimates generated by self-reporting by
patients (or caregivers), blood-level monitoring, pres-
cription refills, or pill counts. This in turn implies that
data derived from these other measurement methods
will tend to overestimate compliance™.

The clinical relevance of noncompliance in
ADHD

The issue of noncompliance is arguably more relevant
in ADHD than in some other chronic diseases. The
authors of the Assessment Report retreated to the
position that ‘none of the studies in the systematic
review of compliance [note added: by Claxton et al.,
20017 (Table 2)] looked specifically at ADHD’ (AR,
p. 233). If anything, however, then the apparently
more pronounced impact of multiple daily dosing on
‘dose-timing compliance’, in contrast to ‘dose-taking
compliance’, would indicate the compound magnitude
of the problem relevant to ADHD, as a delay of intake
would be associated with rapid recurrence of disease-

defining symptoms, which include easy distractibility,
poor self-regulation, and oppositional and defiant
all of which are likely to exacerbate
compliance problems. The underlying reason is that
therapeutic coverage depends on the relationship
between pharmacokinetics (PK) and pharmacodynamic
(PD) actions. On this basis, noncompliance-forgiving

behavior”™ —

drugs can be differentiated from non-forgiving drugs,
the latter being characterized by clinical sequelae
arising from the absence of therapeutic coverage as a
consequence of missed or delayed doses™”. Owing to
its PK/PD relationship, methylphenidate constitutes a
prototypical example of a non-forgiving compound™™.
This fact implies that doses administered under
supervision of caregivers (i.e., in particular morning
doses) can be expected to be at a much lower risk of
noncompliance than a midday dose to be taken by
patients themselves in school, not necessarily under
adequate supervision. Plasma level troughs tend to
occur at the most unstructured times of the day, such
as lunchtime, recess, or during bus ride home from
school'”, leaving little room for doctors to tailor the
timing of administration to enhance compliance, for
instance by pairing medication doses with typical
family activities as advocated by Weinstein (1995)"".
The clinical relevance of these facts is broadly endorsed

2032409010200 i cluding the clinical
32,54

by expert consensus
expert who contributed to the assessment

Empirical evidence on noncompliance in
ADHD

While the review by Claxton et al. (2001)* was limited
to studies employing the current gold standard of
compliance measurement (i.e., MEMS), there is some
empirical evidence from studies in ADHD using other
methods of compliance measurement. In light of their

Table 2. Correlation of treatment compliance (adherence) with the complexity of dosing regimen,
as exemplified by the number of daily doses that need to be taken”™. Overall, compliance declined as the number of

doses increased (p < 0.001 among dose schedules). The following differences of dose-taking compliance in-between dosing
schedules were statistically significant: o.a.d. vs. t.i.d., p < 0.008; o.a.d. vs. q.i.d., p < 0.001; b.i.d. vs. q.i.d., p <0.001.
For dose-taking compliance, there were too few studies for statistical comparisons

Compliance

Dose-timing compliance

Systematic review of MEMS studies

Dose-taking compliance

Dosing regimen Mean (SD) Range Mean (SD) Range
1 dose / 24h (o.a.d.) 74% (31%) 27-89% 79% (14%) 35-97%
1 dose / 12h (b.i.d.) 58% (23%) 22-79% 69% (15%) 38-90%
1 dose / 8h (t.i.d.) 46% (08%) 40-55% 65% (16%) 40-91%
1 dose / 6h (q.i.d.) 40% (n.a.) n.a. 51% (20%) 33-81%

o.a.d, once daily administration; b.i.d., administration divided in two daily doses; t.i.d., three daily doses; q.i.d.,
four daily doses; MEMS, medication event monitoring system; n.a., not applicable; SD, standard deviation from

the mean
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methodology, these studies on psychotropic medication
compliance are believed to underreport the extent
of the problem in ADHD*"'”. These data have been
reviewed by Hack and Chow (2001)'”, and their key
findings are summarized in Table 3. A review of related
literature led these authors to suspect that, ‘because
compliance rates are lower for children as compared to
adults and psychiatric patients as compared to medical
patients’ [...] children with psychiatric illness may be
at great risk for poor medication compliance’'®.
Sometimes, practical difficulties arise from the
distinction to be made between ‘adherence’ and
‘persistence’. In general, early discontinuation
of treatment (lack of ‘persistence’) is a common
occurrence in ADHD, and ‘an intriguing but
unanswered question is whether the transition from
punctual to erratic compliance (i.e., non-adherence) is
a precursor to discontinuation’'”, although each share a
number of common features. Reduced ‘adherence’ can
be considered a significant contributor to treatment
discontinuation due to perceived lack of efficacy'”.
Recently published studies provide empirical
evidence supporting these expert judgments. While
one Canadian study confirmed enormous variability
and often-occurring low rates of persistence with
methylphenidate therapy®'”, another Canadian
survey'” revealed that 75% of parents reported
that their children (ADHD patients treated with
immediate-release methylphenidate [MPH-IR] divided
in three daily doses [‘t.i.d.’]) missed doses ‘from time
to time’, and that 55% reported missing doses in the
past 2 weeks. According to these data the third daily
dose was the dose most often missed. Database analyses
from the US extend these findings, consistently
demonstrating higher persistence rates among patients
receiving modified-release methylphenidate with a
12-hour duration of action compared to those receiving

mixed amphetamine salts (MAS) or immediate-release
methylphenidate'”""*: a first analysis of administrative
data from the National Managed Care Benchmark
Database, covering more than 17 million insured
lives, had been presented in 2003'” and published as
a full paper in 2004'". It identified n = 344 children
aged 6-12 years receiving MPH-IR t.i.d. and n = 1431
receiving a modified-release (MR) preparation of
methylphenidate (MPH) with a duration of action of
12 hours™ (MPH-MR12) once daily (0.a.d.). Patients
receiving MPH-MR12 were significantly less likely
to discontinue (47 vs. 72% among patients receiving
MPH-IR over 1 year), less likely to switch (37 vs.
59%), and more likely to persist (12 vs. 1%), with
nonpersistence in this study defined as the occurrence
of treatment gaps greater than 14 days'’. Retrospective
evaluations of administrative data typically do not
allow differential analysis of reasons for treatment
discontinuation and may be distorted by effects such as
patient selection bias, and it would appear conceivable
that MPH-MR 12 prescriptions might be associated with
higher grades of impairment, which might contribute to
higher rates of chronic treatment among such patients.
Thus it is remarkable that the use of MPH-MR12 in
this analysis was associated with significantly fewer
emergency room and general practitioner visits and
with a significantly lower accident and injury rate'™"’,
while these patients at the same time had a higher
mean number of prior diagnoses, chronic medications,
and prior total medical costs'’. Further analyses used
the same database and therefore overlapping source
data''"?. These studies extended the findings of the
first analysis on the basis of 5939 individuals aged 6
years or older, who were treated either with MPH-IR
(ti.d.; n = 1154) or MPH-MR12 (0.a.d.; n = 4785).
There was again a higher number of prior diagnoses
among patients receiving MPH-MR12 (3.44 vs. 2.96

Table 3. Long-term compliance (persistence) rates in children and adolescents with ADHD treated with stimulants'”.
(Note that as yet there have been no studies in child and adolescent psychiatry using electronic monitoring devices (MEMS)

for compliance measurement.)

Authors Medication Compliance Number of ~ Compliance (after
measurement subjects __months)
Kauffman 1981'% MPH (and Urine testing; n=12 67% (4%am)
amphetamine) pill count 87% (4%im)
Firestone 1982 MPH Parent report n=76 56% (10m)]
Sleator et al. 1982"7 Stimulants Teacher & parent n=>52 35% (12m)
report; child report 60% (12m)
Brown et al. 1985"* MPH Pill count n =30 77% (3m)
Brown et al. 1987" MPH Pill count; n=>58 75% (3m)
parent report 88% (3m)
Johnston and Fine 1993' MPH Verbal reports n=24 80% (3m)
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for patients receiving MPH-IR, p < 0.0001) but no
significant differences between the two groupsregarding
the incidence of comorbid conditions associated with
ADHD'. Use of MPH-MR12 was associated with a
mean length of treatment of 199 days (compared to 108
days for MPH-IR)'"”, less hospitalizations'”, and again
less emergency room visits'''. The observation of longer
treatment persistence of patients receiving MPH-MR 12
compared to MPH-IR was further confirmed by two
independent Medicaid claims database studies in
Texas'” and California'", respectively.

Collectively, these data illustrate the important
compliance problem associated with ADHD
treatment, notably with short-acting psychostimulants.
As mentioned earlier, the Assessment Report did
not address this issue and its undeniable implications
and sequelae in relation to a meaningful economic
evaluation of alternative treatment options (cf. also
below, Economic model). There are two broadly
accepted approaches which are available to address the
problem. These are (1) the use of models to assimilate
existing information from various sources combined
with appropriate sensitivity analyses, and (2) the use of
information from randomized pragmatic trials capturing
the ‘real-world’ situation'”""®, In the context of the
present assessment, this approach is relevant because
such pragmatic randomized real-world effectiveness
studies were available, one of which"*'* comprised a
direct comparison of MPH-IR and MPH-MR12 (see
Tables 4 and 6). This raises the question of how the
data from this trial were integrated for analysis.

Data synthesis across endpoints and
studies

The focus on CGI-I scores as the clinical effectiveness
criterion for primary economic evaluation resulted in
a remaining evidence base of six studies available for
analysis, involving a total of 1958 patients. One open-
label study contributed a disproportionate number of
patients (n = 1323)”, and another trial was reinstated
after previously being discounted on the grounds
of quality concerns” (Appendex Table Al). This
evidence base was both qualitatively and quantitatively
insufficient to assess the relative value of six alternative
interventions, i.e. atomoxetine, dexamphetamine,
methylphenidate in three formulations, and a
hypothetical ‘do nothing’ alternative represented by
placebo controls — notwithstanding the heterogeneous
impact of treatment intensity (including but not limited
to dosing), concomitant non-drug interventions and the
incidence and severity of coexistent problems, including
comorbidity, peer relationships, and educational
performance””. In order to broaden the data basis
available for analysis, the assessment group extended

© 2008 LIBRAPHARM LTD - Curr Med Res 2008; 24(2)

its primary analyses of response rates by importing
data from additional trials that reported different
outcome measures, specifically CGI-S, ADHD-RS, and
SNAP-IV scores. This resulted in the addition of seven
trials involving 822 patients (plus an unknown number
of subjects included in the commercial-in-confidence
study ‘Quinn et al. 2003’*’) over observation periods
of 3-12 weeks (Appendix, Table A2). The MTA
Study®™*"" (cf. Discussion) provided a further 579
patients, although not all data from the MTA Study
were used and the assessment report is enigmatic in this
regard. While the text mentions that the community
comparison arm was omitted from the analysis [AR,
p. 254], Table 6.17 of the assessment report notes
that the behavioral treatment arm was omitted as not
relevant (AR, p. 254). The medication management
arm of the study was assumed by the assessment group
to represent treatment with MPH-IR (AR, p. 253; cf.
Discussion).

Data were synthesized across different response
criteria as described earlier, apparently without
assessing potential confounding effects between
outcome measures and treatments — although the
assessment protocol had explicated that such data
would ‘only be pooled when this is statistically and
clinically meaningful’”. Furthermore, data from
RCTs determining efficacy and pragmatic ‘real-world’
effectiveness studies were pooled. This approach
could only conceal any potential effects of improved
compliance, such as a greater difference between
immediate-release methylphenidate and modified-
release methylphenidate in real-world situations
compared to experimental settings. Providing its
existence, such a greater difference would be found in
(appropriately designed pragmatic) studies only. This
theoretical expectation is supported by a comparison
of results from the pragmatic real-life study by Steele
and colleagues'*'** with those of the meta-analysis by
the assessment group (Table 4). Differences in effects
were invariably greater in the real-world study than
in the combined meta-analysis, which comprised
predominantly data from efficacy trials.

Economic model

Like the clinical effectiveness part of the assessment
report, the review of the ADHD cost-effectiveness
literature again revealed significant gaps. Only five
presumably relevant evaluations had been identified
in the published literature, including the previous
NICE Technology Appraisal'” and the Canadian
assessment of CCOHTA that had used CTRS scores
as effectiveness measure'”. The assessment did not
provide any reference to key cost—effectiveness
publications that were directly concerned with the
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interventions evaluated. These comprised at least two
US cost—effectiveness analyses based on SNAP-IV-
based normalization rates from the NIMH MTA
Study®™®"*' that had been in the public domain, which
reported probabilistic findings from patient-level data
over 14 months both for the overall study population
and for subgroups defined by comorbidity'**'*, and two
cost—effectiveness models comparing modified-release
and immediate-release methylphenidate from the
perspectives of Canadian third party payers'” or the
NHS in the United Kingdom'”, respectively. Further
studies explored willingness-to-pay for new drugs'*®
or had been concerned with the cost-effectiveness
' Had the search strategy
delineated in the original protocol®” been applied
appropriately and covered relevant international
economic and psychiatric conferences, the assessment
group would have had a chance to identify these
analyses.

The basic modular structure of the economic model
developed denovo by the assessment group is reproduced
in Figure 2 (AR, p. 223). Key data inputs were required
for response rates and for withdrawal rates, which
‘were calculated to include all withdrawals, regardless
of the reason given’ (AR, p. 230), i.e. these did result in
some double-counting of non-responders, as noted by
the assessment group. For dexamphetamine, the only
input data for both rates came from the cross-over trial
in 32 girls described earlier”; these data provided for
a withdrawal rate of zero under dexamphetamine (cf.
AR, p. 231), which after data synthesis using a mixed-
treatment comparison model led to an estimate of 2%
compared to a range of 8-12% for the other treatment
options under study (AR, p. 236).

For modeling over a time horizon of 1 year, 38
possible treatment strategies (sequences, each of them
a combinations of three model ‘modules’) were defined

of atomoxetine in Canada

for evaluation (AR, p. 221), which were subsequently
reduced to 19 strategies for analysis, without
considering combination therapy. The assessment
group correctly noted that this maneuver led to
underestimation of decision uncertainty associated
with its model. None of these strategies accommodated
a switching scenario between MPH formulations.
Informed by utility values ascribed to responders
and nonresponders, health outcomes were expressed
in terms of quality-adjusted life-years (QALYs).
Calculated QALY differences between active treatment
strategies (excluding the ‘no treatment’ option) were
generally limited to the third or fourth decimal place,
and exhibited inconsistent effectiveness rankings of
the strategies simulated in the model (AR, p. 237).
These inconsistencies disappeared only after secondary
pooling of heterogeneous endpoints, however without
enabling a meaningful differentiation of strategies on
grounds of their effectiveness (AR, p. 242). A further
analysis attempted to extend the time horizon to
12 years (from age 6 to age 18). This extension had
various limitations. On a data basis that relied on short-
term, predominantly well-controlled RCTs (Appendex
Tables Al and A2), it was asserted that ‘the effect
of compliance on response rates [...] is reflected in
the model’ (AR, p. 250), although no allowance was
made in the model for treatment nonpersistence due
to compliance problems (see AR, p. 246). Despite an
explicit statement to the contrary, discount rates (AR,
p. 233: ‘in accordance with NICE guidance’) were
applied that violated NICE guidance of April 2004*"***
although the final scope as well as the draft and final
assessment protocols had been completed only during
May and June, 2004, respectively’. Importantly, a time
horizon of 12 years, to be meaningful, would have to
address long-term sequelae associated with ADHD (cf.
Introduction). Except for one sentence hidden in the

Tolerate

Drug |

Response Continue on
treatment
No response
P Drug 2

Intolerable side-

Drug 2

effects

Figure 2. Modular economic model structure. (Reproduced from King et al. 2006")
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results section of the assessment report (AR, p. 247),
there is no hint that this issue was recognized. Current
evidence of beneficial treatment effects on these
sequelae is limited, and the relationship between short-
term symptomatic and functional improvement and
long-term outcomes has yet to be established™. Once
proven, such effects might have a substantial impact
on treatment cost-effectiveness. The assessment did
not address this important need for further research,
except for a generic caveat that ‘new data on long-term
outcomes could change the analysis significantly’ (AR,
p. 261).

Discussion

Although its scope was unnecessarily narrow, the
NICE assessment even fell short of its (limited) stated
objectives”™. For instance, the evidence used did not
enable analysis of the impact of diagnostic criteria
and/or comorbidity on the relative cost-effectiveness
of treatments under study. The economic model was
driven by drug costs, since no effectiveness differences
could be found. Given both the identified problems
of the assessment and the differing recommendations
resulting from other reviews™™’, the question arises
which further information might have been available.

A key reason for the highly selective clinical evidence
was NICE’s reliance on cost—utility analyses. The use
of QALYs in pediatric populations however has been
challenged, as there is no consensus on how quality of
life should be defined and measured in children'’. A
critical review of published cost—utility analyses in child
health revealed substantial variation in the methods
used to calculate QALYs, with unsettling implications
for comparisons across interventions for different
diseases and populations"'. Although children with
ADHD were reported to experience impaired quality
of life”*"** children with ADHD tend to underestimate
their disease-specific problems™'”, especially regarding
externalizing symptoms”®"’, and the validity of
parent-proxy ratings is not fully understood"'. The
assessment group’s assertion that ‘the preferences of
children and adolescents may be most relevant’ and
‘should be measured in patients’ (AR, p. 179) thus
does reflect neither the tendency of ADHD patients to
underestimate their behavioral problems™'** nor NICE
guidance specifying that ‘a representative sample of
the public’ should be used as the ‘source of preference
data’™.

The exclusive pursuit of a QALY-focused approach
by the assessment group, which essentially followed
NICE guidance®, prevented the full use of important
information on ADHD treatment effectiveness. As
indicated earlier, a number of long-term clinical
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trials were available at the time of the assessment.
Among these studies, the NIMH-initiated 14-months
Multimodal Treatment study (MTA) is of particular
relevance™®. The MTA contributed 42% of the 1479
patients included in the review of long-term studies by
Schachar et al. (2002)”, and in that review it was the
only trial that provided information on all 20 clinically
relevant elements selected a priori for extraction.
Also in the AHRQ systematic review by Jadad and
colleagues (1999)*, the MTA Study was the one trial
that received the maximum quality score.

For an interpretation of the key findings of the
MTA Study, it is necessary to appreciate that it was
an extensively standardized, highly manualized
comparison of three treatment strategies and
routine community care in the United States. All
four approaches tested were highly effective and
showed substantial improvement from baseline
at 14 months®. Two-thirds of the children in the
community comparison group received medication,
principally methylphenidate (average daily dose at
study completion 22.6 mg, administered, on average, as
2.3 divided daily doses). Emphasis on subject rapport,
extensive use of manuals, and regular supervision
of therapists by skilled clinician investigators,
together with robust monitoring measures, ensured
a high degree of protocol adherence (‘fidelity and
compliance’) for the active three treatment strategies
investigated. Psychosocial interventions in the MTA
Study involved three major integrated components
comprising parent training, school intervention, and
summer treatment program, and were designed to
maximise the opportunity to demonstrate treatment
effects”®'* not cost-effectiveness. Medication
management in the MTA consisted of a structured
set of algorithms (starting with a double-blind, daily-
switch titration protocol for methylphenidate, followed
sequentially by dextroamphetamine, pemoline,
and imipramine, until a satisfactory response was
obtained) rather than a single medication, which like
the behavioral interventions were accompanied by
extensive measures to ensure protocol fidelity. Of 289
children randomized to medication management, 256
adhered to and completed the full titration protocol.
Of those, 77% (198 out of 256) responded to one of
the methylphenidate titration doses, and 88% (174
out of 198) were still taking methylphenidate at the
end of maintenance at 14 months. Mean doses of
methylphenidate at the end of 14 months were 31.1
mg per day for the combination management group
and 38.1 mg per day for the medication management
group (p < 0.001); both groups received MPH-IR
divided in three daily doses (‘t.i.d.”)"*""*. A wide range
of outcome measures was assessed in the MTA Study,
and complex relationships were observed between
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parameters'”. For instance, the presence of comorbidity
was found to be an important variable influencing
treatment response'*. One of these outcome analyses,
that described response rates based on averaged parent
and teacher ratings of ADHD and oppositional defiant
disorder symptoms on the SNAP-IV scale'”, was used
for economic analyses, including the present NICE
assessment. So defined response rates were 25% for
the community comparison group, 34% for behavioral
management, 56% for medication management, and
68% for the combination of both'*'.

In light of the MTA Study design, it is noteworthy
that the assessment group incorporated these results
‘by assuming that the medical management group
[...] represents treatment with MPH-IR’ (AR, p. 253).
Given the administration regimens as well as the
substantive efforts to manage protocol adherence in
this trial, one might as well argue that the medication
management arm should more appropriately have been
used as a proxy for the effectiveness of modified-release
methylphenidate under routine care conditions.

Economic evaluations confirmed the value of
intensive medication management also in terms
of its relative cost-effectiveness, with incremental
cost—effectiveness ratios (ICERs) for one additional
patient normalized 14 months after study entry at
around US$350 for medication management (versus
community care) and US$2500 for combination
treatment versus behavioral treatment only'*. For
pure ADHD (i.e., ADHD according to DSM-IV
diagnostic criteria, without coexisting anxiety,
depression, conduct of oppositional defiant disorder),
medication management dominated (i.e., it was more
effective and less costly than) community care, and
combination treatment versus behavioral treatment
was associated with an ICER of US$940'". This
translated into estimates of cost per QALY gained
for medication management versus community care
ranging between US$3000 and US$5500 (for the
overall DSM-IV-defined study population; in patients
with pure ADHD, medication management dominated
community care), and for the comparison between
combined treatment and behavioral management
ranging between US$20 000 and US$40 000 for the
overall study population, and US$8000 to US$15 000
for pure ADHD™'*"*,

Subsequent extensions of these analyses'"’ addressed
the effects of the MTA treatment strategies on
functional impairment, and revealed profound
differences between patient subgroups by comorbidity:
for pure ADHD, high-quality MTA-style medication
management was economically superior to the studied
alternatives at all levels of willingness-to-pay. For
patients with coexisting conditions and at relatively
higher levels of willingness-to-pay, behavioral (for
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the subgroup with internalizing comorbidity) and
combined (for the subgroups with externalizing or
both comorbidities) interventions were found likely to
be cost-effective choices also'’.

The MTA Study also shed some light on the
importance of treatment fidelity. Measures for
treatment acceptance and attendance generally
indicated very high rates of compliance over the
14-months study period, and mediator analyses
showed a significant impact of treatment compliance
on response rates®’. This issue is further illuminated
by two cost—effectiveness analyses'**'”” that compared
immediate-release methylphenidate with a modified-
release preparation with 12-hour duration of action
(MPH-MR12), using Conners teacher and parent
ratings as the clinical outcome measure. These
analyses were extensions of the original CCOHTA
model®"'* and adopted an explicit modeling approach
to analyze the impact of noncompliance (as advocated
by Hughes et al., 2001*°). Both analyses employed
one- and two-way sensitivity analyses and reported,
from a Canadian third-party payer perspective'” and
from the perspective of the UK NHS'”, an extended
dominance of MPH-MR12 over a range of model
assumptions.

The use of disease-specific outcomes criteria also
provides further insights into the relative effectiveness
of the treatment options under study. Relevant to
the present Technology Assessment, Steinhoff and
colleagues (2003)"* presented a comparative analysis
of effects sizes achieved with three once-daily ADHD
medications, namely Adderall (mixed amphetamine
salts, MAS, not available in Europe), atomoxetine,
and a modified-release preparation of methylphenidate
(MPH-MR12). These authors analyzed data from three
phase III trials (with study durations of 3, 4, and 6
weeks, respectively'*"*") used by the manufacturers of
these products as part of their registration dossiers to
obtain marketing authorization from the US Food and
Drug Administration (FDA). All studies had enrolled a
respectable number of patients, were of parallel-group,
double-blind, multi-center design, and were placebo
controlled. Likert-scale changes were examined on the
basis of Conners ratings, and were compared using effect
sizes. Effect sizes were 1.02 for MPH-MR12 and 0.62
for atomoxetine based on parent ratings, and 0.96 for
MPH-MR12 and 0.44 for atomoxetine based on teacher
ratings. The authors concluded that these calculations
suggested that nonstimulant (atomoxetine) treatment ‘is
less likely to be as effective as stimulant treatment and
should be positioned for trial after stimulant failure’'**.
Their results concurred with another analysis indicating
an effects size of long-acting stimulants in patients with
ADHD of 0.95 and that of nonstimulant medications
of 0.62'%.
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These findings also appear consistent with the results
of two randomized head-to-head trials of MPH-MR12
1087879 one of which had been

)
missed in the assessment report®®. Taken together,
these data suggest the possibility of dominance of
MPH-MR12 over atomoxetine, as the stimulant product
appears at least as, or (most likely) more effective than
atomoxetine, whilst being less expensive®*.

Summing up, aside from some peculiarities of a
predominantly technical nature, the present review of the
ADHD technology appraisal process revealed gaps in a
numberofareasofcrucial clinicalimportance®, concerning
the role of psychosocial interventions®, the impact of
treatmentnoncomplianceS,80,81,85,89,90,94,95,1007103,105,106,108,118,]26,127’
the importance of therapeutic targets and appropriate
clinical endpoint measures™**¥%*7>13517 the discussion
of available cost—effectiveness studies'**'*’, and the
burden of illness resulting from caregiver and family

S7AIISII and long-term sequelae of the

versus atomoxetine

involvement
disorderl()flz,lzzofzz.

Collectively, the findings presented strongly suggest
that the omission of critical information in the NICE
technology assessment may have led to incomplete and
biased results. The treatment of compliance-related
issues and the absent discrimination between efficacy
and effectiveness can only have worked against the long-
acting medications, i.e. modified-release preparations of
methylphenidate and atomoxetine. Also available data
comparing methylphenidate and atomoxetine were
not fully used, possibly contributing to the inability to
differentiate between (long-acting) methylphenidate
preparations and the non-stimulant. Potential reasons
underlying these problems include a highly selective
use of available evidence and apparent issues related to
the internal and external consistency of the assessment
(Appendix, Table A3). These observations require
further evaluation, given the importance of NICE
technology assessments. The discussion of underlying
issues will be subject of a separate commentary™.
To put these considerations into perspective, it is
important to keep in mind that one qualitative case
study cannot (and was not designed to) invalidate more
than one hundred technology appraisals completed
to date by NICE. It may, however, be useful as a
test of the robustness of NICE technology appraisal
processes. As such it may assist in identifying areas for
future improvement of health technology assessment
processes beyond England and Wales.

Conclusions
The NICE assessment of ADHD treatment strategies

did not make optimal use of the available evidence
on clinical and cost-effectiveness. Although it was
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restricted by its scope, it was further limited by
an idiosyncratic selection of efficacy data (almost
exclusively) from short-term studies, which were
integrated across heterogeneous endpoints and study
designs. Further technical anomalies were identified,
and a review of the literature strongly suggests that
the resulting assessment was incomplete and likely
prone to bias. These findings indicate that NICE
health technology assessments may not consistently
meet expectations and therefore cast doubt on the
robustness of the approach developed by NICE. While
the two-stage technology appraisal process by NICE,
separating assessments from appraisals, enabled NICE
to moderate the putatively ‘clear conclusions’ of the
assessment report, it could not compensate for the
gaps of the technology assessment.
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with the online version of this article.

Table Al. Synopsis of clinical studies selected by Assessment Group for primary (‘base case’) data synthesis and economic evaluation
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