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Abstract 
 
It has been conclusively demonstrated in a number of papers and commentaries 
that the analytical framework for health technology assessment and social 
pricing embraced by the Institute for Clinical and Economic Review (ICER) is both 
unnecessary and avoidable: it fails to meet the established standards of analysis 
in normal science. Claims made by ICER are neither credible, nor empirically 
evaluable or replicable. The most notable failure is ICER’s inability to 
acknowledge the constraints imposed by the axioms of fundamental 
measurement; a failure shared by its contracted academic modeling groups, in 
this case the Center for Pharmacoepidemiology and Pharmacoeconomic 
Research, University of Illinois at Chicago College of Pharmacy (UIC-CPR). ICER 
and its consultants believe that the preference scores created by multiattribute 
instruments such as the EQ-5D-3L have ratio and not ordinal properties. This is a 
patently false belief. ICER is incapable of providing a proof, as demonstrated by 
its failure to respond to questions raised in public comment on the draft 
evidence report for mavacamten detailed in the Appendix to this commentary. 
As preference scores have only ordinal properties, lacking the ability to support 
arithmetic operations, only non-parametric statistics, the focus of ICERs 
analytical framework, the quality adjusted life year (QAY) is a mathematical 
impossibility. To create a QALY, which involves multiplying time by a preference 
score, that score must have ratio properties. The implication is obvious:  the 
analytical framework, the invented Health Benefit Price Benchmark, is an 
impossible construct and irrelevant to any discussion of mavacamten pricing 
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and access to therapy. These criticisms apply equally well to disease specific 
patient reported outcomes (PROs) where the majority also fail to meet required 
measurement standards. Claims by ICER that their modelling for the final 
evidence report for mavacamten is the basis for evaluating comparative 
effectiveness and cost-effectiveness lack any credibility. It is pseudoscience; as 
such it should be ignored. 
 
The concern manufacturers must have is that although ICER knows full well that 
its analytical framework lacks academic credibility with its pursuit of invented 
evidence based on a mathematically impossible QALY and its commitment to 
assumption driven lifetime simulations, there is still a willing audience for ICER 
imaginary recommendations. The purpose of this commentary is to review once 
again the reasons for this absence of analytical credibility, in this case for the 
mavacamten final evidence report. As well, the commentary considers the lack 
of credibility for two of the most widely used instruments in heart disease, the 
Kansas City Cardiomyopathy Questionnaire (KCCQ) and the New York Heart 
Association (NYHA) functional classification for heart disease. The commentary 
concludes with a review of standards to support next generation quality of life 
(QoL) claims that focus on the need of target patient groups.  
  
INTRODUCTION 
 
The Institute for Clinical and Economic Review (ICER) final evidence report to 
assess the effectiveness and value of mavacamten (Myokardia Inc; acquired by 
Bristol Myers Squibb October 2020) in symptomatic hypertrophic 
cardiomyopathy (SHCM) demonstrates, once again, ICER’s rigid commitment, to 
imaginary assumption driven simulations that fail the standards for normal in 
respect of credible claims, empirical evaluation and replication in different 
treatment settings 1 2 3. This commitment is apparently shared by the College of 
Pharmacy, University of Illinois Center for Pharmacoepidemiology and 
Pharmacoeconomic Research (UIC-CPR), as consultants to ICER in simulation 
modelling. Rather than discovering new facts for the therapeutic impact of 
mavacamten, the ICER business model dictates the invention of evidence at 
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product launch through assumption driven lifetime simulations to generate 
cost-effectiveness  claims for effectiveness and cost-effectiveness are made that 
totally lack credibility. Indeed, the notion that we can make blanket claims for 
cost effectiveness, as detailed in this commentary, fails to stand up.  ICER’s 
claims for Health Benefit Price Benchmarks do not stand up to scrutiny. They are 
made in defiance of the limitations imposed in statistical analysis and modelling 
by the axioms of fundamental measurement as well as asking us to believe that 
we can propose a modeling solution that extends decades into the future. The 
most egregious assumption, which will be detailed below, is that the 
multiattribute preference scores from instruments such as the EQ-5D-3L have 
ratio properties. This is clearly false. They have ordinal properties which means 
that the quality adjusted life year (QALY) is an impossible mathematical 
construct4. This undercuts completely the ICER modeled claims for mavacamten. 
 
The purpose of this commentary is to make the case that the ICER modelled 
recommendations for mavacamten price discounting are not only an analytical 
dead end but misleading for health care decision makers. The case rests upon 
two critical considerations: (i) the limitations imposed by the axioms of 
fundamental evidence and (ii) reference case models that are designed to create 
mathematically impossible claims for cost-effectiveness. These models are not 
only analytically indefensible but put a significant roadblock to investments in 
products such as mavacamten to discover new facts about its therapeutic 
benefits to the disadvantage of patients with symptomatic hypertrophic 
cardiomyopathy (SHPM). Failure to recognize this limitation on modelled claims 
for cost-effectiveness has resulted in 30 wasted years in health technology 
assessment, misleading formulary committees and other health care decision 
makers. Unfortunately, this belief system that evidence can be invented rather 
than discovered, is shared by the majority of those in health technology 
assessment. This places manufacturers in an odd position when objecting to 
ICER recommendations; when advisors still hold to the validity of the ICER 
methodology. This leads to the only way out: to challenge ICER’s assumptions. 
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THE MAVACAMTEN MODEL SIMULATION 
 
The UIC-CPR mavacamten simulation model is designed create claims for cost-
effectiveness that rely upon an assumption driven simulation; in effect the 
creation of claims through the invention of evidence for recommending an  
social price for mavacamten and its place in therapy;  it is not the basis for the 
discovery of new evidence in SHCM. This is not a unique situation; it has 
characterized health technology assessment for the past 30 years. The stated 
primary claim of the UIC-CPR analysis is to estimate the incremental cost-
effectiveness of mavacamten used along with first-line standard of care 
treatments for patients with SHCM utilizing two de novo semi Markov models. 
The UIC-CPR model is only one of a possible multitude of models, all driven by 
competing assumptions that can be engineered to come to contrary cost-
effectiveness claims. All are designed to create imaginary evidence; all fail the 
standards of normal science irrespective of the preferences used to create 
mathematically impossible QALYs; a situation that is not saved by other types of 
extrapolation and the application of probabilistic sensitivity analysis. 
 
At this stage two further points are worth noting: first, model claims for 
assessing cost-effectiveness are invalid because the effectiveness measure is not 
a single attribute but a composite of attributes which, as detailed below, lack 
dimensional homogeneity and construct validity, a failure which applies across 
the board in cost-effectiveness analyses;  and, second, any cost-effectiveness 
model that bases its assumptions regarding the future on assumptions from the 
past to support future claims defies elementary logic:  the problem of induction, 
otherwise known as Hume’s problem and recognized since the mid 18th century. 
This should not be confused with Bayesian statistical inference where Bayes 
Theorem is used to update the probability of a hypothesis as more information 
becomes available; hypothesis testing is the antithesis of the ICER reference 
case. As  Magee so eloquently describes Hume’s problem: The whole of our 
science assumes the regularity of nature – assumes the future will be like the 
past in all these respects where natural laws are taken to operate – yet there is 
no way this assumption can be secured. It cannot be established by observation, 
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since we cannot observe future events. And it cannot be established by logical 
argument, since from the fact that all past futures have resembled past pasts it 
does not follow all future futures will resemble future pasts. You cannot just 
justify the choice of assumption by some argument that it is based on the best 
evidence; at best you can question the choice of an assumption if an evaluable 
claim is falsified (e.g., all swans are white). Otherwise an assumption is an 
assumption and with the same logical status as any other assumption, 
supporting a potential multitude of imaginary claims for mavacamten. Unless 
claims are empirically evaluable we cannot judge one as ‘preferable’ to another 
and provisionally accepted. 
 
ICER’s imaginary odyssey starts with a hypothetical cohort of patients treated 
with standard first-line therapy, standard first line therapy alone, myectomy 
along with standard first-line therapy, septal ablation along with first-line 
therapy, or disopyramide along with first-line therapy. To round out this 
mélange of structural treatment and clinical assumptions, an assumed cycle 
length of 4 weeks is applied. The basis for this is unclear, although data were 
provided by model groups at BMS. The impact of alternative cycle treatment 
lengths is unknown. There are no prior cost-effectiveness models for SHCM.  
Even if there were, the ICER model would just be one of many as there are no 
bases for comparison. Model assumptions and their rationale are detailed in 
Table 4.2 of the report (e.g., the absence of any account for discontinuation of 
therapy or serious adverse events). 
 
Treatment effects are assumed to be characterized via observed changes in New 
York Heart Association (NYHA) classes 5; an assumption based on trial 
preference data (EXPLORER-HCM NCT03470545) for scores and with data points 
to support assumptions selected from the literature. The subjectively assessed 
NYHA classes are: Class 1 – No objective evidence of cardiovascular disease; 
Class 2 – Objective evidence of minimal cardiovascular disease; Class 3 – 
Objective evidence of moderately severe cardiovascular disease; and Class 4- 
presence of objective evidence of severe cardiovascular disease. It is not clear 
who assigns the ‘objectivity’ or whether it is possible to be more precise in 
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assigning patients to NHYA classes. They are, in effect, ordinal assignments to 
categories; as well, there is considerable doubt as to its ability to stratify risk 6 7. 
 
Within the assumed semi-Markov hypothetical framework the hypothetical 
cohort cycles (figuratively) through the various subjectively assigned NYHA 
classes over its member’s hypothetical  lifetimes as the disease progresses with 
mortality rates captured from literature reviews and expert opinion. The UIC-
CPR model actually collapses Class 3 and 4 Classes although the EXPLORER-HCM 
trial separately identifies these classes as a primary endpoint. The hypothetical 
patients remain in the model until the time of their hypothetical death. The 
imaginary simulation creates estimates of lifetimes spent in NHYA classes in 4-
week increments. These are the basis for the imaginary QALY claims and the 
non-evaluable claims for direct medical costs; once again a situation common in 
health economics modeling, with non-justifiable assumptions driving the 
assumed non-evaluable medical cost claims. 
 
THE MYSTICAL EQ-5D-3L RATIO PREFERENCE SCORE 
 
To understand what has been described as the mystical nature of the ICER 
‘ratio’ preference score a brief digression to measurement theory is required as 
too few, including UIC-CPR, seem to have grasped the rudiments of fundamental 
measurement8. Following the formalization by Stevens and others in the 1930s   
and   1940s,   scales   used   in   statistical   analyses   are   classified as nominal, 
ordinal, interval or ratio 9. Each scale has one or more of the following 
properties: (i) identity where each value  has  a  unique  meaning  (nominal  
scale);  (ii)  magnitude  where values on the scale have an ordered relationship 
with  each  other  but  the  distance  between  each  is  unknown  (ordinal scale); 
(iii) invariance of comparison where scale units are  equal  in  an  ordered  
relationship with  an  arbitrary  zero (interval  scale)  and  (iv)  a  true  zero  (or  a  
universal  constant) where  no  value  on  the  scale  can  take  negative  scores  
(ratio  scale).  
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The  implications  for  the  ability  to  utilize  a  scale  to  support use of 
arithmetic operations (and parametric statistical analysis)  are  clear.  Nominal  
and  ordinal  scales  do  not  support  any  mathematical  operations (addition, 
subtraction, multiplication, division);  only  nonparametric  statistics. Certainly 
there has been a debate over when can we ‘usefully assume’ that ordinal scores 
can be assumed to be interval scores. The fact is that they are still ordinal scores 
despite this sleight of hand. Analyses which assumed this would be open to 
criticism; not only for a failure to recognize the axioms of fundamental evidence 
but a failure to realize that an interval score is not a ratio score as they do not 
have, as noted below, a true zero. Unfortunately, interval scales can only 
support addition and subtraction while ratio scales support the additional 
operations of multiplication and division as they have a true zero. This zero 
point characteristic means it is meaningful to say the one object is twice as long 
as another. To  measure  any  object  on  a  ratio  scale  it  has  to  be  
demonstrated that  all  criteria  have  been  met  with  a  true  zero. A mistake 
that is commonly made is to assume that because the recorded preference 
score are all positive (capped at 1 by construct), as in the case of the 
mavacamten model, there must be a true zero. This is equivalent to assuming 
that the centigrade temperature scale has a true zero because in a study no 
temperature has been recorded for temperatures below zero. The centigrade 
scale has an arbitrary zero and is an interval scale. The Kelvin scale is the only 
one with a true zero at -273.1C with each degree, or kelvin, having the same 
value as one degree on the centigrade scale, with water freezing at 273.15K and 
boiling at 373.15K.  
 
Finally, any scale must apply to a single attribute, trait or construct (e.g., 
temperature). Multiattribute scales are unacceptable as they lack dimensional 
homogeneity, unidimensionality and construct validity in bundling different 
attributes. Consider the EQ-5D-3L, it comprises 5 symptoms or attributes 
(mobility, self-care, usual activity, pain/discomfort, anxiety/depression). Each 
symptom is reported at three levels: no problem some problems and major 
problems. These are ordinal rankings as we have no idea of the ‘distance’ 
between these responses although community weights are applied from 
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valuations of these responses combined in a sample of health states from  35 
(243) possible states. The algorithm to create the preference scores can take 
negative values with a range for the UK set of value preference of -0.594 to 1.0. 
There is clearly no true zero.  
 
The extent to which of these health states are relevant for patients with SHCM 
is debatable but in all likelihood accounts for the minimum preference 
differences between mavacamten and standard of care in the modelling; the 
result is that assigned drug costs drive the pricing recommendations with 
astronomic cost-per-QALY imaginary estimates. A disease specific instrument 
would no doubt come to different conclusions; hopefully with ratio properties. 
This is the advantage, if you are concerned with presumptive ‘unreasonable’ 
pricing; applying a generic preference score to create QALYs gives the 
anticipated response for discounting. The application of discounting (3% is the 
favored assumption) means, of course, that there is no intention of generating 
evaluable claims.  
 
If attributes or symptoms are to be combined the only solution is to assess each 
symptom separately to evaluate whether or not a ratio measure can be created 
for each. Only if this is possible can those ratio scores be combined to create to 
capture the relevant construct. These requirements are, apparently, unknown 
to ICER and the UIC-CPR simulation modelling experts, although a long 
recognized standard in the physical sciences and the more mature social 
sciences such as economics. If attributes are to be combined to produce a 
further ratio scale then the components must have ratio properties (e.g., weight 
and height to create the body mass index). If the combined measure does not 
have ratio properties (as with the EQ-5D-3L) then preferences as measures of 
response for to therapy with mavacamten are meaningless. The scale is ordinal 
and we cannot assign any meaning to the differences between the scores. 
Certainly, this has been typically assumed but only because users have placed 
these scores on a scale (number line) with interval properties rather than just a 
ranking with no ‘distance’ between the scores.  
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But this still leaves the existence of negative scores or states worse than death 
to be interpreted. Rescaling to eliminate the negative values is possible but 
disallowed as this is an ordinal score. Attempts to aggregate over ordinal scores 
is also disallowed. Preferences, as in the case of the ICER modelling, are often 
‘averaged’ to produce, combining possible positive and negative values from 
respondents where the negative values reduce the ‘average’, potentially 
offsetting benefits. In the mavacamten report preferences (utilities) are 
presented as though all scores are positive (which we don’t know) and have a 
true zero (which is false) and interval properties (also false).  
 
THE IMPOSSIBLE QALY 
 
In order to construct a QALY you require a preference score that has ratio 
properties to support discounting time spent in a disease state to create its 
QALY equivalent. Unfortunately, none of the generic preference scores have the 
required ratio property. A characteristic, as noted below, present for the 
majority of disease specific patient reported outcomes instruments (PROs). The 
implications of this for health technology assessment are profound: we have no 
rational basis, given the limitations of fundamental measurement, for an 
accurate measure of response to therapy. Certainly we can argue that we only 
want an approximate response and assume the various scores have ratio 
properties, but this begs the question of ‘approximate’ to what criteria for 
accuracy. If we want an accurate measure of response, one that can be justified, 
then care has to be taken to select and instrument with the required 
measurement characteristics. 
 
ICER sidesteps this unfortunate reality by claiming that ‘we (and most health 
economists) are confident that changes in the EQ-5D (and other multiattribute 
utility instruments) do have ratio properties’ ICER stubbornly holds to this 
confident belief despite being told that it cannot be justified (if for no other 
reason that there are negative values and no true zero). It is understandable 
why ICER holds to this belief: it has nowhere else to go if the EQ-5D-3L/5L and 
other preference scores are put to one side, together with the QALY. 
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Disavowing the axioms of fundamental evidence, ICER takes refuge in what has 
been described in the mystical ratio properties of ordinal scales; ICER is not 
alone. 
 
ICER and its followers may have this confidence in an ordinal preference scale 
which has ratio measurement properties, but confidence is not proof. It is a 
poor basis to set out to judge a product such as mavacamten though one of 
many possible assumption driven simulations resulting in recommendations for 
unsupportable claims for price discounting. 
 
To summarize, If the axioms of fundamental measurement, which have been 
formalized for the past 80 years, are applied to generic preference scales then 
we have to conclude: (i) the scales are ordinal (aggregating over ordinal 
symptom and response scales is impossible0; (ii) the scales lack dimensional 
homogeneity and construct validity (combining different attributes); and (iii) the 
scales produce negative values or states worse than death (with unfortunate 
implications for denial of care and eugenic policies). This last point is true for 
both the EQ-5D-3L and EQ-5D-5L as negative scores for health states are 
produced. The fact that the various preference algorithms produce negative is 
sufficient to deny ICER’s belief: a ratio scale to support multiplication and QALYs 
must have a true zero. 
 
The possibility that in certain disease states and target populations responses 
may elicit only positive values is irrelevant as there is always the possibility of a 
negative health state. In the case of the EQ-5D-5L US valuation, as the most 
egregious case, of the 3,125 possible health states (55: 5 symptoms; 5 response 
levels) 20% have negative scores 10. This yields the impossible negative QALY 
although it might prove possible that when the imaginary QALYs are being 
aggregated (disallowed mathematically) over the hypothetic treatment 
population’s hypothetical life spent in the model that the aggregate imaginary 
positive QALY count could be deflated by the negative QALY count. States worse 
than death, although not mentioned in the ICER final evidence report have 
unfortunate eugenic implications for an ICER criteria directed imaginary denial 
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of care to patients who may potentially respond to mavacamten11.  As Richard 
Dawkins notes, in reference to what he describes as extreme versions of  mind 
viruses, Tertullian’s Certum est quia impossible est (it is certain because it is 
impossible), is a basis for unshakeable belief or confidence12. Belief in the 
mystery of the ordinal construct creating a ratio preference score puts ICER, 
UIC-CPR and many others in august company. 
 
ICER and UIC-CPR are not alone in believing that ordinal scores have ratio 
properties. A recent health status analysis of the EXPLORER-HCM focused on the 
Kansas City Cardiomyopathy Questionnaire (KCCQ) [discussed in more detail 
below] reporting increments for mavacamten therapy impact from baseline to 
week 30 of the trial 13. Compared to a placebo arm the claim made was for a 
change in KCCQ overall score for the mavacamten arm with a mean score 
difference of +9.1 (ceiling score 100) and for those with a KCCQ score greater 
than 20 an absolute difference of 21%. Even though confidence intervals are 
attached, these claims are invalid because the KCCQ creates an ordinal score; 
distance between scores are unknown, only the rank. This is repeated in the 
pivotal phase 3 report of EXPLORER-HCM results, but alongside single attribute 
clinical measures that have the required measurement properties 14. 
 
THE QALY MYSTERY UNFOLDS 
 
In the ICER/Illinois model the claim for incremental cost effectiveness involves 
two steps: (i)  a score is assigned to that class to create QALY equivalents and (ii)  
assumptions as to the claims for drug and other direct medical costs for the 
NYHA class over the hypothetical lifetime of the hypothetical population are 
produced. This yields the basis for imaginary incremental cost per QALY claims 
comparing mavacamten and the standard of care, together with other 
comparisons with disopyramide, myectomy and septal ablation.  
 
The utilities for the NYHA classes (strictly speaking values as there is no 
uncertainty in framing the preference questions15) are, apparently, based on n 
the EXPLORER-HCM trial (NCT03470545) with the EQ-5D (no mention of 
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whether it is the EQ-5D-3L or 5L versions) administered to patients. A review of 
the trial protocol failed to corroborate the presence of either preference 
instrument as a primary or secondary outcome score. A further PubMed review 
failed to identify any studies linking the NYHA classes to either the EQ-5D-3L or 
5L in SHCM.  A further statement in the report that the utilities were based on 
manufacturer submitted data for NYHA class I, II and III/IV does not clarify the 
matter in respect of the symptomatic status of HCM patients. In any event, the 
preferences (or utilities) are only ordinal scores.  
 
In the ICER/UIC-CPR model base case the average preference ordinal scores for 
mavacamten were 0.95 for NYHA class 1, 0.87 for NYHA class 2, and 0.71 for 
NYHA classes 3 and 4 combined (Table 4.2). Corresponding utilities for standard 
of care were 0.95, 0.85 and 0.70. Minimal differences, as noted, that may be 
due entirely to the inapplicability to the symptoms captured to the experience 
of SHCM patients. Note again that as these are ordinal scores we can only rank 
them as we have no idea of the distance between the scores. This means that 
the average and range for the scores presented is meaningless (e.g., we have no 
idea if the distance values for the upper (+0.05) and lower (-0.15) range 
described for the 0.95 NYHA utility for mavacamten is capturing three times the 
same distance). As noted above, the scores cannot be used to create QALYs or 
to be modified by other scores to capture disutility for septal ablation or 
lifetime ordinal disutilities reflecting pacemaker placement. 
 
In this imaginary UIC-CPR simulation the claimed improvement in imaginary 
QALYs drives the cost-per-QALY calculations. Comparing mavacamten to 
standard of care yields an imaginary QALY improvement of only 0.97 imaginary 
QALYs (from 12.54 to 13.51 QALYs) with cost-per-QALY fictional values of 
$893,000 versus standard of care and $1,100,000 versus disopyramide.  
Alternative generic preference instruments and assumptions would yield 
different ordinal scores, impossible QALY claims and cost-per QALY values to set 
the stage for ICER’s imaginary cost-effectiveness and social pricing 
recommendations.  
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Note that in all multiattribute scores the preference are community preferences 
and not the preferences of patients; patient responses to the administration of 
the instrument are weighted by community preference to create, by application 
of a scoring algorithm, the individual ordinal scores. The patient voice is absent.  
 
Although often seen as a justification for hypothetical claims, one way 
sensitivity analyses and probabilistic sensitivity analysis (PSA) that evaluates the 
imaginary likelihood of a product being cost-effective at different pricing points 
are typically presented. While technically appealing for those who believe 
QALYs are mathematically feasible, this fails to overcome the fact that the UIC-
CPR simulation modelling, with its manifest deficiencies, is merely one of a 
possible multitude of competing simulation models each with their own PSA 
likelihoods, producing non-evaluable social pricing and access. Changing the 
model assumptions, possibly with the ICER cloud-based software package 
ICERAnalytics merely opens the floodgates to a multitude of competing model 
claims (including PSA); each as equally valid (or invalid) as another16  . 
 
A more recent review of studies, claiming to measure HRQoL in heart disease 
focused on methods to derive QALYs in trial based utility analyses, is less than 
enlightening 17 Again, the authors neglect any consideration of the standards of 
normal science and, in particular, the need to conform to the axioms of 
fundamental measurement. Of the 18 individual trials identified the majority 
employed the EQ-5D-3L to derive QALYs (again no consideration of ordinal 
preference scores). The fact that the QALY is a mathematically impossible 
construct is not considered. While the argument should, presumably, end there 
in any comparison, the authors seem unaware of the possibility of measures 
that meet fundamental measurement standards, yielding alternative results.  
 
Challenging the UIC-CPR conclusions and subsequent ICER claims for social 
pricing can occur at two levels: (i) for those who subscribe to the ICER reference 
case methodology and believe in assumption driven lifetime simulations, the 
only basis for criticism is in challenging assumptions; or (ii) for those who 
subscribe to the standards of normal science and fundamental measurement, 
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the answer is simply to reject the ICER reference case and the construction of 
evidence.  The case presented here is that option (i) is unsustainable; although a 
strongly held belief. It is not a question of an alternative measure with the 
appropriate measurement properties, yielding competing results, but of 
rejecting both the QALY as a measure and the application of the QALY in an 
assumption driven simulation that fails the standards of normal science.  
 
QALYS AND MISINFORMATION 

Generic preference scores, such as the multiattribute EQ-5D-3L/5L scores, are 
not intended, and never were intended, to capture the range of benefits that a 
specific therapy intervention, such as mavacamten, confers on a target patient 
group compared to the existing standard of care. The generic instrument is, by 
design and ease of application, intended to capture what clinicians and health 
economists believed are minimum common criteria to supported assessments 
of interventions in one disease compared to another from the perspective of 
the allocation of resources in the healthcare system. A logical next step could be 
to use the ICER model to inform the allocation of resources by stage of disease 
within a target patient population where a disease stage cost-per-QALY is easily 
invented with the possible implication of denying care to the more expensive, 
possibly later, stages of a disease.  

The application of generic preference scores clearly biases any interpretation of 
preference scores to those disease areas where the chosen symptoms are most 
prevalent. Where a disease such as SHCM has a low prevalence of these 
symptoms or where the symptoms may be present but are of limited concern, 
then the application of the preference weights will yield preference scores that 
approach unity or perfect health given the minimum or zero weights applied to 
‘no problem’ and with the algorithm for the preference score capped at 1 = 
perfect health and preference scores assigned as decrements. If the symptoms 
are of no or little concern, according to their specification, then we would 
expect the score to approach unity.  If an intervention, such as mavacamten, 
demonstrates benefits in other symptom areas compared to existing standard 
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of care, this will be missed and any benefits compared to standard of care 
ignored.  

In situations where a preference measure has been used or translated from 
another instrument it is unwise to simply release the preference score and the 
associated impossible QALY. It needs to be demonstrated that the preference 
score is relevant at the individual symptom level. In SHCM, for example, what is 
the distribution of responses between no problem, some problem and extreme 
problem for each of the five symptoms? This can be compared between 
mavacamten and the standard of care responses. The result, implied by the 
utility claims in the ICER final evidence report is that there is either no 
difference at the level of the overall score as the therapy impact on these 
symptoms are irrelevant to SHCM or that the preference score overlooks 
benefits that are critical to competing therapy interventions as they are missed 
completely by the EQ-5D-3L/5L. If a manufacturer releases preference scores 
without qualification they may well be shooting themselves in the foot by using 
an inappropriate ordinal preference instrument to evaluate the benefits of a 
new therapy such as mavacamten compared to standard of care. 

In other words, generic preference scores are either of limited or of no use in 
many (or most) disease states, apart from the fact that they have ordinal 
properties. It is interesting to note that there was no attempt that can be 
identified, where the developers of the EQ-5D-3L/5L disaggregated the 
distribution of scores for a range of disease states (including SCHM). 

The answer is to put multiattribute preferences to one side, focusing instead on 
the comparative individual benefits conferred by competing therapies from the 
patient perspective. This, as detailed below, leads to the benefits conferred on 
patients expressed as single attributes with ratio measurement properties: to 
include clinical end points from validated instruments, quality of life (QoL) from 
a need fulfillment perspective and resource utilization. The attributes are 
defined for the disease area as the basis for individual value claims. 

In summary, if a manufacturers wishes, possibly inadvisably, to engage with 
ICER on the validity of a multiattribute preference score it is important not to 
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take the score at face value. It is important to address the issue of the 
distribution of patient responses for each symptom (e.g., the 5 symptoms and 3 
response levels for the EQ-5D-3L) and for the corresponding health states. This 
distribution would indicate the relevance of the instrument to SHCM as well as 
to assess the impact of the response distribution on the scoring algorithm. It is 
unlikely, however, that ICER would be able to meet this requirement as the 
preference scores are taken from the literature and it is rare to find any study 
that actually reports on this distribution of scores (to include negative health 
states). The relevance of the health states to SHCM and mavacamten assigned 
response is unknown. 

HEALTH BENEFIT PRICE BENCHMARK 

ICER, as the self-appointed arbiter of social pricing for pharmaceutical products 
in the US, has expressed its recommendations in terms of a Health Benefit Price 
Benchmark (HBPB). The HBPB is, apparently, the definitive [emphasis added] 
highest price  based on the amount of imaginary improvement in overall health 
(defined by the preference score attributes) patients receive from that 
treatment, when a higher price would cause disproportionately greater 
imaginary losses in health among other patients in the health system due to 
imaginary rising overall costs of health care and health insurance. In short, for 
ICER, it is the imaginary top price range at which a health system can reward 
innovation and better health for patients without doing more harm than good.  
 
The claimed HBPB, a value-based price, is established by alignment with 
commonly cited (by ICER) long-term cost-effectiveness thresholds ranging from 
#100,000 to $150,000 per QALY gained. The HBPB represents discounts or price 
premiums from wholesale acquisition cost (WAC) that would be required to 
meet these cost effectiveness thresholds. They suggest a price range, net of any 
discounts or rebates, that aligns fairly well with the treatments imaginary added 
benefits for patients over their lifetime. Prices at or below these thresholds help 
ensure that the health benefits gained by patients using new treatments are not 
outweighed by health losses due to long-term cost pressures. In the case of 
mavacamten this led to an imaginary recommended fivefold price reduction 
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from an assumed placeholder price of $75,000; in this case for a cost-per-
imaginary QALY threshold of $150,000, 
 
Fortunately, for those unwilling to take this nonsense at face value, the fact that 
the entire exercise is based upon the imaginary QALY and assumption driven 
lifetime simulations means that the concept of an HBPB and any suggestion of a 
definitive HBPB are unacceptable for any product. Once again we face ICER’s 
belief that ordinal preference scores are actually ratio scores in disguise and 
that the QALY is actually mathematically possible. 
 
DISEASE SPECIFIC INSTRUMENTS: THE ORDINAL LIKERT SCALE 
 
Unfortunately, as noted above, in the majority of cases these same arguments 
for fundamental evidence apply in rejecting of disease specific patient reported 
outcomes instruments across all disease states, including heart disease. This is 
seldom recognized in the choice of disease specific PROs for clinical trials and 
observational studies, although there are checklists for evaluating competing 
instruments to ensure they meet the standards for fundamental measurement 
18.  Once again, if an instrument is to have single attribute ratio or interval 
measurement properties, then this has to be an integral part of the 
development of the instrument. This requirement is conspicuous by its absence 
in instrument development and in databases such as PROQOLID, which describe 
the key features of over 640 instruments and provide access to instruments.  
 
Although not as extensively applied as the New York Heart Association (NYHA) 
functional physical activity subjective classification, it is of interest to consider 
the measurement properties (or the lack thereof) of the KCCQ in patients with 
heart failure which, together with instruments such as the Minnesota Living 
with Heart Failure Questionnaire (MLHFQ), rely on Likert scales to create 
summary ordinal scores for health status 19. 
 
Given the lack of appreciation of the limitations of measurement theory and the 
fond belief that a Likert scale is a ratio scale, a brief comment is in order. The 
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Likert scale is typically a five (or seven) point scale which is used to allow the 
individual to express the extent to which they agree or disagree with a 
particular statement. Users of Likert scales attach numbers to the Likert 
categories (e.g., 0 … 6; 1 …. 7). They may as well attach letters (e.g., A, B, C, ….F) 
or emojis (or any ideogram or pictogram). What is overlooked  is that whatever 
number, letter or  image is used, it only provides a ranking; we have no idea of 
the ‘distance’ or ‘extent’ between the letters, emojis or the numbers assigned to 
the Likert categories. The assumption made, however, is that when numbers are 
assigned the difference between 2 and 3 is the same as between 5 and 6; or the 
distance between B and C is the same as between E and F). This is a patently 
false assumption; an assumption is not proof that the distances are the same. 
The notion of distance, or invariance of comparison (required for an interval 
scale), is never addressed. Unfortunately, failure to address the limitation of 
measurement theory allows developers and users to aggregate scores over 
respondents (to give mathematically impossible averages) and to add the 
numbers over Likert items (also mathematically impossible). The resulting 
overall score is simply ordinal; a critical issue in disease and target patient 
population claims for response to therapy where, presumably, accuracy in 
evaluating therapy response is at a premium.  
 
The focus in developing the KCCQ was on how heart failure impacted patients’ 
lives rather than, as proposed here, to assess the need of cardiovascular 
patients with SCHM, the  extent to which that need  is met and the how new 
therapies might impact that need  20.  First developed in 1996 as a multiattribute 
instrument it is clear that those responsible for the KCCQ had no idea of the 
limitations imposed by the axioms of fundamental measurement; this extends 
to the present day (witness the more recent 12 item version) 21. The KCCQ 
comprises 23 items covering, it is claimed, 7 domains: symptom frequency, 
symptom burden, symptom stability, physical limitations, social limitations, 
quality of life and self-efficacy (patients’ awareness of their condition). The 
Likert responses (as integers) are scaled from 0 to 100 and often summarized to 
25-point ranges where health status is poor to very poor for 0 to 24; poor to fair 
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25 –to 29; fair to good 50 to 74; and good to excellent 75 to 100 and interpreted 
in HRQoL terms. The domains can also be scored. 
 
The KCCQ overall score and the domain scores are, therefore, ordinal scores. 
Assessing change in an ordinal score (other than rank position) is meaningless. It 
is also meaningless to compare the KCCQ ‘sensitivity’ to other cardiovascular 
instruments such as the popular MLHF questionnaire. Again, this rests on a 
series of Likert scales and is in consequence another ordinal scale. Again, such 
comparisons are meaningless although there are clearly associations with, for 
example, the NYHA classification and with clinical measures of health status.  
 
The point that escaped the attention of developers, once again, is that if 
response to therapy is to be accurately measured  with disease specific PROs, 
then the measure must have ratio measurement properties; it must refer, as in 
the physical sciences, to a single well-defined attribute either physical or latent, 
with a true zero and dimensional homogeneity, ideally conforming to Rasch 
Measurement Theory and the application of conjoint simultaneous 
measurement developed independently by Rasch, and Luce and Tukey in the 
early 1960s 22 23. The KCCQ is a singular failure; claims for therapy response, in 
either overall or sub-scale scores, and minimum clinical difference are 
meaningless; it was doomed, from a measurement perspective, from the start.  
 
While it may seem odd to undertake factor analyses of instruments with only 
ordinal score properties, suspending belief points to the rather strange domain 
structure of the KCCQ. An assessment by Creber et al which attempted to (i) 
explore the factor structure of the KCCQ; (ii) undertake reliability and validity 
testing for ‘best’ factor (or multiattribute solution); and (iii) determine the 
meaningful components of health states captured by the KCCQ came to some 
divergent sub-scale conclusions 24. The authors recommended that, consistent 
with earlier studies of the factor loadings of the KCCQ, there are four recognized 
subscales: (i) physical limitations, (ii) symptoms, (iii) quality of life/perception of 
social interference and (iv) self-efficacy. The authors proposed that the 3 items 
intended to measure Q0L be reclassified under the Social Interference subscale 
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with no QoL subscale because the items are a poor measure of quality of life 
and the subscale is redundant as a HRQoL tool. 
 
Needless to say the Creber et al paper takes no account of the axioms of 
fundamental measurement or techniques for item identification, selection and 
inclusion that characterizes Rasch Measurement Theory. It treats the Likert 
scales that characterize each of the  original items in the KCCQ as ratio scales; 
none were reworded or otherwise changed they were just reshuffled, like the 
proverbial deckchairs, to a different steerage class box. There was no concept of 
the tasks required to focus on latent constructs or single attributes. All we have 
is a claimed HRQoL instrument that focuses on symptoms and functions.  
 
One solution offered to overcome the lack of direct ordinal preference scores is 
to crosswalk or map the scores from disease specific instruments to generic 
preferences. In what must be one of the more bizarre treatments of ordinal 
scores, Thomas et al report on predicting or mapping KCCQ ordinal Likert scores 
to EQ-5D utilities25.  While this must be seen as a worthless exercise as both 
scales are ordinal, the authors, with no thought given to measurement theory, 
claimed they could predict EQ-5D utilities directly as well as predicting 
individual EQ-5D items; effectively predicting one Likert scale from another. 
Why anyone would want to engage in creating ersatz EQ-5D values is a puzzle; 
certainly NICE in the UK asks for a crosswalk from the EQ-5D-5L to the EQ-5D-3L 
for their imaginary reference case modeling exercise, but attempting to 
crosswalk from an ordinal Likert based disease specific instrument to the EQ-5D-
3L/5L is just nonsensical. 
 
There is also the question of the validity of physician assignment of patients to 
the NYHA classes. A primary outcome measures for the EXPLORER-HCM trial is 
the transition between the NYHA classes. Credibility for this claim rests on 
establishing the process by which patients are allocated to those classes. The 
ICER/UIC- CPR imaginary simulation takes the NYHA classes as the basis for 
assigning preference states and computing imaginary QALYs (or NYHA QALYs) 
for time spent in any of the three NHYA classes over the course of the 
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hypothetical patient progress. This raises two issues that the ICER/UIC-CPB 
simulation fails to address: first, the categorization of NYHA functional status is 
apparently highly subjective with considerable variability among assignments, 
assigning patients to NYHA classes can be problematic, particularly as the 
ICER/UIC-CPB analysis gives no indication that the preference assigned to NYHA 
classes are valid. 26; second, it is unclear what the NHYA classes are actually 
capturing?  it appears that the focus is on functional status which is assumed to 
be a proxy for health state preferences 
 
If the EQ-5D-3L is applied to value the NYHA classes that patients are assigned 
to then we have no information other than upper and lower limits as to the 
distribution of preference valuations and, in the case of Class 1 versus Class 2 
NYHA whether the values are significantly different (an impossible criterion as 
the preferences are ordinal). If the assignment of patients to the various NYHA 
classes is essentially subjective then the model framework for progression 
through NYHA classes is questionable as are any transition matrices. 
 
These doubts are present in a recent comparison of the differences between 
patient reported health status with the KCCQ and the physician assigned NYHA 
classification 27. There are interesting differences. Assigning NHYA classes to the 
80 plus score KCCQ group (assumed to represent perfect health), the analysis 
found that this group comprises 26.4% categorized as Class 1 NYHA 51.7% of 
patients categorized as Class 2 NYHA patients and 18.9% categorized as Class 3 
NYHA patients. If patients are assigned to NHYA classes as the basis for utilizing 
KCCQ claims for therapy response then we are entering a rather strange world 
of comparing ordinal classifications and scores which lack measurement 
credibility to support pivotal claims for FDA approval where a significant 
proportion of patients defined by the KCCQ as in good health are actually 
classified by the NYHA as providing objective evidence of moderately severe 
cardiovascular disease.  
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RASCH MEASUREMENT THEORY 
 
Rasch Measurement Theory (RMT) is a critical element of what we may call next 
generation value claims, where those claims attempt to capture a latent 
construct or attribute such as need fulfillment QoL, as well as PROs that are 
intended to capture latent constructs such as depression or anxiety. 
 
The Rasch model is a theoretical mathematical description of how fundamental 
measurement should operate with social/psychological variables. Its task is not 
to account for the data at hand but rather to specify what kinds of data conform 
to the strict prescriptions of scientific measurement 28  . The principle task is to 
produce empirical data that fit the Rasch model’s specifications, considered in 
terms of requirements for unidimensionality. Data must fit the model 
sufficiently in order to achieve invariant-level measurement. Fit statistics assist 
in detecting model prescriptions and the data collected. The advantages of 
Rasch measurement exist only to the extent that the data fit the model 
requirements. Even in the most complex measurement situations, individual 
attributes should be measured one at a time.  

The Rasch model is confirmatory and predictive rather than exploratory and 
descriptive, the characteristic of IRT and those characterized by Classical Test 
Theory (CTT) 28. A confirmatory Rasch model requires the data to fit the model 
while exploratory models must account for all the data. Ensuring item fit to the 
model by focusing on the size and structure of residuals, indicates where the 
principles of probabilistic conjoint measurement have been sufficiently realized 
to justify the claim that the results can be used as a measurement scale with 
invariant interval level properties for the models intended purpose 28. The next 
step is to consider how this interval scale can be transformed to a ratio scale to 
provide a robust measure of therapy response while evaluating the extent to 
which need or QoL of life is fulfilled in target therapy areas. 

The basic Rasch assumptions are: 

 each respondent is characterized by an ability 
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 each item on a questionnaire is characterized by a difficulty 
 each can be expressed by numbers along a line 
 from the difference between the numbers and nothing else the 

probability of observing any particular scored response can be compared 

Expressed on number lines, transformed to logits (log odds), the probability of 
an individual to successfully respond to an item (p=1) is a function of the 
difference between the difficulty of an item and the ability of the respondent. 
The object is to develop a set of items on an interval (logit) scale that report the 
total number of items successfully reported by the respondent group, with item 
difficulty ranked. The items are selected to fit the unidimensional or single 
attribute Rasch model as differences from the average of item difficulties. The 
zero point on the Rasch interval scale is the average of item difficulties (as 
logits).  

At the present there is only one candidate that meets all of these criteria: the 
need fulfillment disease specific QoL RMT measure that evaluates the extent to 
which respondents meet their fundamental human needs. The measure is 
derived directly from relevant patients and provide data on the value to these 
groups of alternative therapy interventions in terms of need fulfillment. This 
ability is clearly related to the symptoms and functional limitations they 
experience but is a more holistic measure of patient need, capturing a coherent 
latent construct of QoL as need fulfillment. These QoL measures generate a 
single index of patient value or QoL rather than adding together a basket of 
outcomes defined as ordinal scales. In the period from the mid-1990s some 30 
disease specific need fulfillment questionnaires have been published and used 
widely in clinical trials 29. There is, at present, no need fulfillment instrument for 
those with SHCM, although developing one would be straightforward. 
 
As the first of the next generation class of QoL instruments, the development of 
each disease specific instrument is in two parts. First the creation through the 
application of Rasch measurement theory of an index that captures the ranking 
of items (binary response) specific to the need of patients or caregivers in a 
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disease area. Item selection and ranking reflects the combined characterization 
of the difficulty of the item and the ability of the patient to capture the 
probability of a need being met  28. Items are ranked by a combination of these 
elements; response to therapy is judged by the extent to which greater need is 
met.  
 
Second, given the interval index, it is then transformed to a bounded ratio scale, 
the Need–Quality of Life (N-QoL) measure; bounded by the number of items 
yielding a scale in the range 0 to 1 to indicate the extent to which need is met 30. 
Negative scores and scores > 1 are impossible. It is a true ratio scale. An item 
score of 0 indicates that none of the identified item needs are met; a score of 1 
indicates all needs are met for the target patient group or disease area.  
 
The key issue that separates the RMT approach to creating an instrument to 
assess response to therapy it that RMT alone focuses on the ability of an 
instrument to reflect the patients response to therapy defined in terms of item 
difficulty. The probability of a positive (binary) positive response reflects the 
difference between the ability of the patient and the difficulty of achieving 
targets. These considerations are absent from those PROs developed with the 
application of CTT. If accurate response to therapy is a consideration this creates 
a more defensible value claim. It also gives the opportunity to assess the factors 
that may be associated with a poor response as the score is on a ratio scale. 
Bounded regression modelling, for example, could explore the role of socio-
demographic variables in evaluating the extent to which a therapy impacts 
patient need.   
 
Consider as an example the psoriasis specific measure of QoL the Psoriasis Index 
of Quality of Life (PSORIQoL), developed some 18 years ago. The instrument was 
focused on a latent construct for psoriasis patients, need fulfilment 31. The initial 
proposed content of the instrument was derived from extensive qualitative 
interviews (3 – 4 hours) with 62 psoriasis patients in the U.K., Italy and the 
Netherlands.  Content analysis of the interview transcripts identified 61 
potential items for the questionnaire covering the needs defined in the 
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interviews including fear of negative reactions, self-consciousness and poor self-
esteem, confidence, intimacy, emotional stability. Following the focus group 
and field-test interviews, a new draft measure consisting of 45 items was 
completed by 148 patients, 88 of whom completed and returned a similar 
package 2 weeks later. Application of Rasch analysis identified a final 25-item 
version of the PSORIQoL. This version had a test-retest reliability coefficient of 
0.89, indicating good reproducibility. Respondents to the mail survey were 
asked to complete the PSORIQoL together with the Dermatology Life Quality 
Index (DLQI) and the General Well Being index (GWB) to determine construct 
validity  32 33. The levels of association with the DLQI and PGWB indicated that 
the PSORIQoL measures a related but distinct need fulfillment construct for 
psoriasis patients.  
 
As an example, items from the PSORIQoL which each elicit a binary response 
(True/Not True) include:   
 

 I worry about what other people think of me 
 I never feel clean 
 I hate people seeing my skin 
 I can’t enjoy myself when I 

 
There are overall 11 language adaptations of the PSORIQoL.   
 
It is also worth noting a companion instrument with the same measurement 
properties, the 20-item Psoriatic Arthritis Quality of Life Questionnaire (PsAQoL) 
which has 89 language adaptations and has been used extensively in clinical 
trials34 .  As a further example, items from the PsAQoL which each elicit a binary 
response (True/Not True) include:   
 

 I feel tired whatever I do 
 It’s too much effort to go out and see people 
 I find it difficult to have a good wash 
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 I feel I am losing my independence 
 I often get angry with myself 

  
The bounded ratio score, the Need-QoL (or N-QoL) can be used in both clinical 
trials and observational studies to evaluate response to therapy in terms of 
better meeting patient need. As well, it can be applied in regression modelling 
to evaluate possible determinants of need fulfillment. The adoption of the N-
QoL places the focus of value claims on the disease. Although it is possible to 
consider the extent of needs assessment between disease areas if items are 
concordant, the importance of the N-QoL is on evaluating the extent to which, 
based on patient experience and expectations, the need of patients in target 
disease areas is met. It is only one element in a range of product and disease 
specific possible single value attribute claims, all of which are empirically 
evaluable. 
 
If manufacturers are concerned to evaluate the impact of therapies in disease 
areas then it seems pointless (and incorrect) to continue to focus on ordinal 
preference scores and the QALY. If the focus is on the allocation of resources in 
health care between disease states and between patients by stage of disease 
within those states, then it is absurd to apply a metric which fails the axioms of 
fundamental measurement. The QALY is already subject to extensive criticism 
because of its perceived discrimination against people with chronic illnesses and 
disabilities, notably in rare and orphan diseases; its failure to meet 
measurement standards is one further reason for excluding it from health care 
decisions. If we are concerned with resource allocation from a population health 
perspective there are other metrics which have ratio properties and are 
frequently applied in population health studies to evaluate the health status of 
target patient populations and evaluate, from a clinical perspective, unmet 
medical need. Given this, the QALY is an unnecessary complication, apart from 
the fact that there is no agreed ‘QALY standard’. The QALY is a poor instrument 
to serve as inputs to funding decisions; let alone its place in imaginary 
assumption driven simulations. We must remember that the US health care 
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system is not a single payer system and that the requirement for imposing 
mathematically impossible NICE-type reference cases is not relevant to the US.  
 
REQUIRED VALUE CLAIM STANDARDS 
 
A further concern is the belief that ‘any measure will do’ as long as it gives 
approximate and acceptable results. The problems are: (i) what is the measure 
approximate to and (ii) what are the criteria to apply in determining what is 
reasonably approximate or what is not?  As a case consider the EQ-5D-3L: are 
these ordinal preferences acceptable as proxy measures of an unknown ratio 
scale? This argument is easily demolished, yet many will just refuse to accept 
the relevance of fundamental measurement, continuing to believe in the QALY.  
 
A further issue for those who assume as a short cut a reasonable ‘correlation’ or 
approximation between a PRO, such as a preference score, and a need 
fulfillment measure as evidence for application of the preference score ‘as if’ it 
had ratio properties. Apart from the ordinal and multidimensional features of 
the two instruments which makes such a comparison worthless, there is a 
logical point (Hume’s problem): the fact that A and B are correlated does not 
mean we can assume they will be correlated in all future applications. There are 
no short cuts. 
 
The required value claim standards are: 
 

 Adhering to the axioms of fundamental evidence 
 Disease specific for target patient populations 
 Patient (and caregiver) centric  
 Representing a single attribute 
 Ratio scale 
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CONCLUSIONS 
 
Unfortunately, ICER claims and modelling by academic groups all too frequently 
go unchallenged by health care decision makers. This is notable in respect of 
their lack of understanding of the constraints of fundamental measurement. 
This is a challenge for mavacamten as with other products ICER has targeted; 
how can the ICER recommendations be rejected in terms that resonate with 
decision makers? It is not clear if manufacturers have the skills to support 
arguments for a rejection of the ICER reference case methodology to health care 
decision makers. A situation that is further clouded by the support ICER receives 
from manufacturers and their willingness to engage with ICER to create 
imaginary claims through the invention of evidence.  
 
Manufacturers are at the crossroads: in the US market they have the option of 
continuing with the cost-per QALY and lifetime simulation modeling; subscribing 
to the belief that this is essential to support formulary listing and resource 
allocation even though the measures are patently false and the extent to which 
there is any substantive impact on resource allocation is questionable. At the 
same time, in accepting common ground with ICER and the rejection of 
fundamental measurement, manufacturers are faced with the prospect of 
continued criticism and the likelihood of adverse pricing recommendations. The 
alternative is to abandon the existing paradigm and embrace a new paradigm 
where value claims rest on a sure foundation and are defensible in supporting 
accurate measurement. The transition will not be easy. 
 
Outside of the US, where there are single payer health systems that require for 
their reference case modelling a belief in the imaginary QALY, manufacturers 
have no option but to subscribe to assumption driven simulations. This applies 
to Canada, the UK, Ireland and various other European countries. There is no 
need for the US to emulate the NICE analytical framework, especially  given its 
lack of scientific credibility.  
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It is, presumably, not the primary role of manufacturers to advise on the 
allocation of health care resources between disease states and by stage of 
disease within disease states for the various health care markets. Instead, the 
primary role, reflecting the interests of shareholders or owners, is to present 
the value case for a new product to formulary committee where response to 
therapy claims meet required measurement standards. Failure to recognize 
fundamental measures, relying instead on ‘approximate’ ordinal scales may 
result in the formulary submission being rejected. Proposed guidelines for the 
US for formulary reviews emphasize the role of single value attributes and the 
development of protocols to support value claim evaluation as shown in the 
latest version of the Minnesota formulary guidelines 35 . 
 
There is always the temptation to take the easy way out. Rather than allocating 
resources to developing instruments that meet the required standards of 
fundamental measurement, a short cut is to argue that they seem to be similar 
is evaluating response to therapy as compared to proposed new instruments 
(which would have to be an assumption before the new instrument is 
developed). There are objections to this: (i) the failure of existing instruments to 
meet measurement standards for response to therapy is hidden in the fond 
hope that some degree of correlation is acceptable even though the underlying 
construct is different; (ii) how do we distinguish from the range or ordinal 
instruments available (exploring PROQOLID is instructive as the notion of 
fundamental measurement is absent) which meet some undefined threshold for 
an instrument that is acceptable although it fails the axioms of fundamental 
measurement; and (iii) a correlation between instruments that has held in the 
past is no basis for claiming it will hold in the future. 
 
At the same time we must acknowledge inertia and the strength of a belief 
system. After 30 years, asking those practicing health technology assessment to 
banish closely held beliefs in multiattribute ordinal preference scales and the 
ubiquitous QALY, let alone the relevance for formulary decisions of approximate 
information invented by assumption driven simulations which fail the standards 
of normal science, is possibly a bridge too far.  
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For those who subscribe to the ICER reference case three beliefs are paramount: 
 

 The axioms of fundamental measurement do not apply in health 
technology assessment 

 The problem of induction (Hume’s problem) does not apply in health 
technology assessment 

 That formulary decisions can be based on comparative claims which are, 
by design, impossible to empirically evaluate 

 
As it stands, the ICER/UIC-CPR final evidence report and its modelled 
recommendations are a waste of time. If fails the standards of normal science, it 
is designed to invent evidence for cost-effectiveness claims using the 
mathematically impossible QALY rather than any belief in the systematic 
discovery of new facts. Any recommendations for pricing and access, including 
the notion of an ICER determined HPBP social pricing with impossible 
multiattribute QALY thresholds should be ignored. Assumption driven 
simulation modelling has no place in establishing value claims for products. 
 
At the same time, in cardiovascular disease, reliance is placed on two 
unacceptable measures for classifying patients (NYHA) and for clinical outcome 
assessment (KCCQ). The first is subjective with considerable variability in 
patient assignment; the second fails to meet standards for fundamental 
measurement as it is nothing more than a dimensionally heterogeneous ordinal 
scale.  Incorporating these measures in an assumption driven simulation is 
clearly inappropriate, let alone the broader question of the lack of scientific 
credibility. 
 
There is a way forward: abandon generic preferences and QALYs; abandon 
simulated assumption driven QALY claims, abandon blanket claims for cost-
effectiveness and abandon mystical beliefs in ordinal scales with ratio 
characteristics. Instead we should commit to look to response defined in terms 
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of patent centric, single attribute measures that are consistent with the 
standards of normal science, not pseudoscience. This is the challenge.  
 
APPENDIX: ICER - AN INABILITY TO RESPOND 
 
The following is the text of a letter sent to ICER as part of the public comment 
opportunity following the draft evidence report: 
 
I refer to your recently released Draft Evidence Report for Mavacamten for 
Hypertrophic Cardiomyopathy 36. 
 
As you will no doubt recall, you are aware of my concerns that the ICER 
reference case framework for value assessment fails to meet the standards of 
normal science apart from failing the accepted standards for fundamental 
measurement 2. That is, your reports lack credibility in the claims made for the 
value of products; they cannot be evaluated empirically nor can the claims be 
replicated. I presume, as you subcontract your modelling, that this denial of 
normal science and measurement theory is shared by Professor Walton and 
others at the Center for Pharmacoepidemiology and Pharmacoeconomic 
Research at the University of Illinois at Chicago, College of Pharmacy. They must 
be congratulated. The mavacamten model is just the latest example of this 
failure. 
 
The ICER/Illinois type imaginary models, as has been well established,  violate 
the fundamental axioms of measurement theory in confusing ordinal scales 
with interval and ratio scales. While you might view these reports and the 
application of lifetime incremental cost-per-QALY calculations and the 
application of cost-per-QALY thresholds as the state of the art in health 
technology assessment, the problem is that the entire exercise is essentially a 
waste of time. This is now widely recognized; to the detriment of ICER and its 
contracted model builders.  
 
The QALY, as you have been informed on a number of occasions, is a 
mathematically impossible construct with a paper in F1000Research and a letter 
to Value in Health pointing this out 37 8. As noted in the latter, we have now 
experienced 30 wasted years in health technology assessment, with ICER 
supporting and perpetuating this charade. The key point is that in the case of 



MAIMON WORKING PAPERS                                         www.maimonresearch.net 
 

32 
 

mavacamten we have too little data to make even a reasoned, and scientifically 
valid, claim for pricing and budget impact. This should be put on hold until more 
data become available instead of rushing in to invent modelled claims. But yet 
ICER/Illinois proceed to invent evidence to support pricing and access claims 
with impossible incremental discounted QALYs and impossible cost-per-QALY 
thresholds. 
 
When pointing out the deficiencies of the QALY you have a standard response, 
couched in a series of unsubstantiated assertions. I quote from your response to 
my criticisms in your lupus nephritis evidence report: 
 

As we have expressed before we (and most health economists) are 
confident that changes in the EQ-5D (and other multiattribute 
utility instruments) do have ratio properties. The EQ-5D value sets 
are based on time trade-off assessments (which are interval level), 
with preference weights assigned to different attributes. We fail to 
see why this should be considered an ordinal (ranked) scale. The 
dead state represents a natural zero point on a health related 
quality of life. Negative utility values on the EQ-5D scale represent 
states worse than dead. We do not find this lacks face validity 38.  
 

This is, with due deference, complete nonsense. If endorsed by the Illinois 
pharmacy group of expert imaginary model builders, this shows a woeful lack of 
understanding of measurement theory. You might have confidence that health 
economists share your unbounded belief that multiattribute scores have 
mystical ratio properties, but I can assure you that professional economists such 
as myself fail to share this vision (including Nobel laureates). We have been 
trained to respect the axioms of fundamental measurement and the standards 
of normal science; not basing claims on  imaginary constructs. There can be no 
doubt that multiattribute preference scores are only ordinal: this has been 
obvious (references can be supplied) for over 40 years. To be quite clear: ordinal 
scores cannot support claims for response as the distance between scores is 
unknown only the ordering of respondents (applying nonparametric statistics). 
 
To create a QALY by application of a preference score to time spent in a disease 
state, you require a ratio scale. That is, to support multiplication, a true zero. 
Absent a true zero where the preference algorithm can create negative 
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preferences, the ICER/Chicago QALY is a mathematically impossible construct. 
Perhaps, the Chicago expert group might care to comment on a recent US 
valuation of the EQ-5D-5L where some 20% of 3,125 health states yielded 
negative scores. Perhaps the Chicago experts might demonstrate how a ratio 
scale can have negative values. This is a contradiction of the established 
standards for levels of evidence; a proof would make a major contribution to 
measurement theory. 
 
Your response is that this is a standard (although mathematically impossible) in 
health technology assessment. People do many weird things yet we don’t have 
to emulate them. Your defense [is] that the belief in a ratio scale with negative 
values is shared clearly with the Illinois pharmacy expert group (and also with 
other academic expert groups you contract with). It is not a question of lacking 
face validity; it is a question of lacking construct validity. The multiattribute 
preference scores are dimensionally heterogeneous failing to meet standards of 
unidimensionality. Measurement must be in terms of single attributes. Perhaps 
your College of Pharmacy group might show us why this is not the case?  

 
I think you misunderstand what ratio property means particularly as all direct 
and indirect preference instruments can produce negative responses or states 
worse than death. We have known this for at least 30 years and I would refer 
you to the classic paper by Patrick et al published in 1994 where he and 
colleagues considered preferences for health states worse than death for three 
direct preference instruments: category scaling (CS), time trade off (TTO) and 
standard gamble (SG) 39. Again, would your expert group care to comment? 
 
The overarching criticism, however, is that the ICER/Illinois modelling and 
subsequent recommendations for pricing and patient uptake are entirely 
imaginary constructs. In short, the proposed ‘evidence’ you bring to the table to 
evaluate mvacamten is invented through assumption driven lifetime 
simulations that fail the standards of normal science. Separating science from 
pseudoscience, as I assume the expert group is aware from the contributions of 
Popper and others over the last 100 years, is the questions of the credibility of 
claims, empirical evaluation and replication. As noted by a number of reviewers, 
the ICER model fails on all counts including criticisms of your approach that have 
been published over the past six years, notably in the University of Minnesota 
journal Innovations in Pharmacy 40 41. Your claims are imaginary assumption 
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driven simulations. Again, I would encourage the expert group to defend this 
belief and make clear why formulary decisions for pricing and patient access 
should be driven by non-credible, non-evaluable and non-replicable claims. 
Perhaps I might caution not to restrict a response to ‘everyone does it’. That is 
too easy and begs the question. 
 
A further question is the potential multiplicity of models. Assumptions can 
change and claims can change; in this disease area there could in principle be an 
infinity of mavacamten models created by an infinity of assumptions. How does 
your expert Chicago group assert that one model above another is the only 
relevant model for resource allocation and pricing decisions? It is important to 
know. Claims for the ‘realism’ of assumptions, based on past observations is not 
a defense, nor probabilistic expectations; Hume and Russell made this quite 
clear some three centuries and one century ago respectively. Why should 
anyone believe your modeling? Perhaps you could explain. 
 
Let me consider some more specific issues with the imaginary assumption 
driven College of Pharmacy expert report. I have framed these in terms of 
questions where I would appreciate a response to each in respect of your draft 
evidence report (in addition to those raised above): 
 

1. Is there any reason why BMS, formulary committees and insurers should 
take any account of your claims when, as the model is driven by 
assumption, there are any number of alternative models, each with 
probability sensitivity analysis, that could be constructed to give 
alternative imaginary claims? 
 

2. Would you agree that your model fails the demarcation test between 
science and pseudoscience as the claims made are not credible, 
empirically evaluable nor replicable? 
 

3. Is there a unique feature of your model in its choice of assumptions for 
model structure and inputs that sets it apart from all other possible 
models to support comparative claims for mavacamten that may enhance 
its appeal to BMS, formulary committees and insurers? 
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4. Recently, ICER published a real-world evidence update for its final 
evidence report on prophylaxis for hereditary angioedema 42. How soon 
do you envisage revisiting the model assumptions for mavacamten to 
provide possibly revised claims for pricing and access? In what time 
frame? You should make clear that any imaginary claim is provisional. 
 

5. Will (and when) the mavacamten model be posted to ICERAnalytics so 
that BMS, formulary committees and insurers can manipulate the various 
assumptions to create new and competing claims? 
 

6. As you are aware, the consensus among those economists and others 
with an awareness of the axioms of fundamental measurement, is that 
the various direct and indirect multiattribute preference instrument 
produce only ordinal scores. However, in previous correspondence you 
have argued that these instruments actually produce ratio scores even 
though there is no true zero. Do you still subscribe to this belief? If so, 
why? Do you have a proof of this belief that the ordinal preference scores 
are actually ratio scales in disguise? 

 
7. Although not stated explicitly (and the source is obscure) the assumption 

is that your utilities (technically correct term is preferences) are from the 
EQ-5D stable; probably the EQ-5D-3L. Although this can produces 
negative preference scores for the health states you make no mention of 
this and provide no information on the distribution of these scores? It 
would be useful to provide them although they are only ranked ordinal 
scores. 
 

8. If, in future assumption driven claims, you propose the use the EQ-5D-5L 
to create QALYS (even though mathematically impossible) how to 
propose to consider the potential impact of this ordinal measure, where 
according to the latest US valuation, 20% of the 3,125 health states create 
negative scores? This raises the intriguing possibility of impossible 
negative QALYs! In addition, the creation of an aggregate utility 
(mathematically impossible: think medians) to populate you model will 
actually deflate the average utility and may even create a zero or negative 
score? Will you be providing a distribution of these scores? 
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9. Given the potential for assumption driven revisions to your imaginary 
models would you agree that any and all model claims should be treated 
as provisional and subject to change at any time? 

 
 
Your standard defense of these criticisms is that your methodology is the one 
everyone else has pursued for the past 30 years in health technology 
assessments. This is hardly a defense, merely an excuse. Why persist in 
following a failed methodology?  It would have been appropriate to inform 
BMS, and other companies that have ‘engaged’ with you  on the QALY, which is 
central to your cost-per-QALY claims and thresholds is, as you have been 
informed on a number of occasions, mathematically impossible. But yet you 
deny it. 
 
There was no response either from ICER or the expert group in the College of 
Pharmacy, University of Illinois at Chicago these questions. It has to be 
presumed that they cannot (or will not) respond.. 
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