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Data Inputs for Medical Intervention Valuations

Introduction

We previously reported the development
of a novel valuation model for medical
intervention development in this
journal (Dando and Lebmeier 2019).
This article expands on our previous
article, providing more detail on data

inputs and their use in the published
model. This article should be read in
conjunction with our previous article.

It is well known that a positive net
present value (NPV) calculation on
any product in development is a good
indication that upon market release,
the financial return will exceed the
cumulative life cycle costs of research,
development, market validation, market
access, market release, manufacture
and sales and therefore potentially
justify the initial outlay; this is
summarised as return on investment
(ROI). In healthcare and particularly
therapeutic intervention, development
takes a long time of typically over 14
years (FDA 2016; Stewart et al. 2018),
and is costly (up to $2.6bn, (DiMasi et al.
2016)) which means that significant risk
has to be carried for a long duration
before knowing if the product was
worth the investment.

Despite this market reality, rNPVs
on projects and portfolios at the
startup stage for healthcare-focused
endeavours are communicated either
publicly or privately that greatly exceed
what is actually happening in the
marketplace, which suggests that the
data being used in rNPV calculations
may be incorrect, and there is a
disconnect between stakeholders,
that has serious ramifications for when
an early-stage company attempts to
out-license its innovation to a larger
organisation.

Methods

The understood fallibilities of rNPV
calculations have led to the development
of new valuation models, such as the
headroom method that determines the
maximum reimbursable price (Cosh
2007; Girling 2015; Markiewicz 2016),
early-stage health economic models
(Retel 2013; Brandes 2015; Miguel-Cases
2015) which only study interventions
ready for clinical trials or market launch,
or multi-criteria decision analysis
(Thokala 2016; Middelkamp 2016) which
is based on collecting feedback from
stakeholders based on hypothetical

products and then using this to estimate
the value of the product. The maximum
reimbursable price and early-stage
health economic models seem best
suited when a product is already on
the market for one disease, and drug
repositioning is being considered as a
way to increase revenues, without high
development cost and risk. For earlier-
stage considerations, however, and
accounting for the perspective of either
startup companies or early-stage R&D
in larger companies, the calculation
does not include previous risks and
costs.

Regarding costing, there have been
many studies performed since 1979
on the costs of bringing a drug to
market (these studies have been neatly
summarised in Mestre-Ferrandiz et al.
2012), however the costing indicated in
each referenced study did not include
current clinical data requirements of
review and reimbursement agencies,
post-market release costs such as
manufacturing, sales and general
expenses, and continued clinical trials,
all of which need to be paid for from
the drug revenues.

In recent years, several teams
have reassessed the NPV estimation
models: Svennebring and Wikberg
(2013) proposed extensions to the
existing model that included constant
probability rates of finding a drug
candidate, a dynamic probability tree
for cumulative identification of new
candidates and that more than one
compound can be selected for clinical
development. Real option-based
valuations have also been proposed
which are founded more in managerial
flexibility and strategic value, while an
effectuation model which integrates
means, loss, partnerships and expecting
the unexpected can be used to identify
value differences between pipelines.

However, there are still several
underlying issues pertinent to
generating an effective valuation:
Zizlavsky (2014) highlighted that one
of the fundamental problems in NPV
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approaches is that average probabilities
of success or occurrence occur, when in
reality indication-specific probabilities
should be used.

While many authors (Rottgen 2018;
Stewart et al. 2018) have indicated
that failure to include the total costs
in their calculations can result in
incorrect estimates. Fundamentally, the
issue is that full economic costing of
development is not used in early-stage
value calculations. A risk-profiled NPV
model (rpNPV) did attempt to integrate
in more market-related variables
(Walker et al. 2015); this was the closest
model that attempted to integrate
full economic costs. However, the
model was using generic rather than
indication-specific variables, such as
very long clinical trial phases, and did
not consider SAM and SOM (serviceable
accessible market [SAM] geography
differentiated market value) and
serviceable obtainable market (SOM
(percent of market penetrance that
can be achieved within a serviceable
accessible market)), as a function
of terminal market value related to
existing standards of care upon which
decisions to reimburse are made.

From our experience, many small
to medium companies in the field still
have incomplete perspectives of the full
market chain and pharma marketplace,
especially in the link between regulatory
approval and reimbursement and what
the priorities of larger entities are. The
general understanding is that the two
are synonymous, when in reality they
are not. Petersdorf and Kanavos (2015)
succinctly summarised this as follows:
“HTA agencies operate within a network
of other healthcare actors that, together,
determine whether a medicine is allowed
to enter a market, who receives the
medicine, and who pays for therapies.
Regulator bodies such as the European
Medicines Agency’s (EMA) Committee
for Medicinal Products for Human Use
are responsible for assessing drugs
on their efficacy and safety. Approval
is required from these agencies to
receive market authorisation. National or
regional bodies then negotiate with the
manufacturer (or the drug wholesaler)
on drug price, reimbursement status
(as in specifically for what based on
evidence-based medicine) and allocated
funding. HTA bodies inform these three
latter considerations.”

There is also a lack of robust
peer-reviewed publications linking
pricing and reimbursement (P&R)
procedures outcomes such as health
technology assessments (HTAs) with
the development stage values of
medical interventions using relative
negative predictive value (rNPV)
financial model valuation-based
methods: yet the outcomes of the
P&R and HTAs define the terminal
market value of the intervention,
which by definition directly informs
the rNPV of the intervention in
development at any given stage.
There is an emerging use of early
health technology assessment
(ljzerman et al. 2017), which defines
‘early HTA’ as assessment “of medical
products just before and also at the
early stages of clinical use” and that
the outcomes can be used to manage
risk in technology portfolios and their
market application.

Generic success rate
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Research Question

There is a certain level of ‘value over-
optimism’ of early-stage innovations,
specifically those performed in
startup companies, based on the
incorrect perception that later-stage
stakeholders, such as larger pharma-
ceutical and biopharmaceutical
companies, are innovation stale, a
perspective also indicated in the rpNPV
model (Walker et al. 2015). However, this
is contradicted by reviewing pharma
and biopharmaceutical company
pipelines that perform valuations
that typically include all the pertinent
market dynamics.

We wanted to know how and
why this happens and also chose to
reverse-model how up-to-date and
complete market realities based on
publicly available sales revenues, when
integrated into the rNPV calculation,
influence early valuation calculations

Indication specific success rate
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Stage specific NPV calculations for the four modelled interventions, using generic success rates comparing
abbreviated or full high and low costs, and indication specific success rates comparing abbreviated or
full high and low costs
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Clinical Phase success rate vs ROI
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Clinical trial rates for CVD vs generic ROI: Phase Ill clinical trial success
rates have increased, but this has not been reflected in the ROI

accounting for the various different
data inputs.

This was enabled by two recent
studies published in 2018 (Thomas
et al. n.d.; Wong, Siah and Lo 2018),
that has included indication-specific
statistics and clinical success transition
probabilities, based on the analysis of
large sets of historical data, permitting
us to use as detailed and up-to-date
data as possible. Success rates are
used for the probability adjustments
in rNPV valuations (Villiger n.d.;
Booth 2011; Booth 2014; Dillon 2015;
Drummond 2013), and based on our
experiences from working throughout
the value chain (Salas M. et al. 2009;
Larkin J. et al. 2015; Dando 2017;
Dando & Weiss 2013) with the whole
spectrum of stakeholders, we identified
several key factors that needed to be
integrated into the calculation, which
would possibly provide more realistic
indicators of value.

One key aspect was the link of
HTA-indicated benefits and perceived
terminal market values, which at
present seem to be based on total
accessible market, i.e. the global market,
yet HTA decisions are geographically
constrained. The importance, therefore,
is what the values that are reported in
market analyses correspond to, which
are: The total sales in the precise
geographic market where those sales
will occur based on clinical outputs on
a defined population.

Market values are typically reported
by indication or specific disease
application, which falls within the group
of diseases linked to the indication,
while total global market values are
reported with percentage by geographic
area. Geographic areas typically are the
USA, Europe and Asia-Pacific (APAC),
however for an HTA evaluation, and
a medical intervention development

regulatory perspective, clinical data
generated in one geographic block
or free trade area is not necessarily
accepted in another, necessitating
further development costs (Van
Norman 2016). Each geographic area
has its own specific health technology
assessment requirement, with different
constraints. This means that the
intervention evaluation procedures
during later-stage clinical validations
are regulatorily different.

Given that the ROl on drug
development is below the WACC, the
implication is that the market-related
outcomes of P&R procedures and
HTAs play a critical role in defining if
a health technology has any market
viability. Indeed, as Villiger and Bogdan
(2006) reported, “People want a drug
to be valued to predict whether it will
make money. However, valuation only
calculates the odds. The value tells you
whether it is worthwhile to risk the bet
and how much you should bet, but it
does not tell you whether you are going
to win””

Market Size

To perform this study, we chose to focus
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indications, modelling both biologics and
chemical entities. For cardiovascular
we modelled chemical entities for
hypertension and biologics for anti-
coagulants, while for endocrinology
we modelled chemical entities for
non-insulin drugs and biologics for
insulin-related drugs. Information on
market sizes was obtained from the
following sources. For each modelling
we elected to compare the lowest and
highest markets to provide the limits of
valuation calculations.

To model SOM values, we
obtained information on the top ten
antihypertensive drugs being sold in
the United Kingdom from Statista
(Statista, 2018) and converted these
figures into market penetrance values,
which were then used to calculate the
various terminal values that should be
inserted into the rNPV calculations.
Values ranged from 0.62% to 40% of
the market share, and we modelled
terminal market values ranging from
1% to 100%. The same hypothetical
per cent market shares were used for
modelling in all other indications and
interventions described.

Full Development Costs vs. Abbreviated
Costs (High and Low Versions)

For development costs we used three
different sources of information from
DiMasi (DiMasi et al. 2016), Booth (Booth
2011; Booth 2014) or Sertkaya (Sertkaya
et al. 2014). DiMasi’s estimates include
the costs of failure (out of pocket
costs) therefore representing the high
cost threshold, although we did not
include capitalisation-related costs as
there is still debate on this point, and
capitalisation costs are entity-specific,
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rNPV calculations for the four interventions using indication specific FEC high and low costs and phase
specific cumulative progressive success rate.
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while Sertkaya’s costs represent a more
critical path costing, and therefore
represent the lowest cost threshold.
Neither team provided information on
discovery or preclinical work, therefore
we combined these peer-reviewed
assessments with Booth’s professional
experience of discovery and preclinical
costs to generate two costing models:
low and high cost estimates in either
an abbreviated (historically used values)
or a full economic cost (FEC) value
including all costs. Additionally, the
preclinical development of biologics has
been reported to be 1.45 times higher
than for chemical entities, while clinical
translation costs are similar (Mestre-
Ferrandiz et al. 2012), which have also
been included in the input values.

For an effective assessment of the
HTA dossier, entities responsible for
reimbursement perform meta-analyses
and systematic reviews, in which,
providing the clinical trial has been
implemented correctly, the new
intervention is compared to the
existing standard of care. To be able
to prove that the new intervention is
comparable or better than the existing
standard of care, for major diseases,
large and well-designed Phase I trials
generating robust and meaningful data
for reimbursement decision-makers are
required to obtain reimbursement and
market access enabling sales.

To submit a reimbursement
dossier without sufficient, robust
and meaningful clinical evidence
leads to a very high risk of not getting
reimbursement, and two trials would
be the minimum. Assessment of
leading drugs on the market and their
clinical validation steps, this may still
be an underestimate. Successful
interventions launched globally have
revealed that typically more than
10 Phase Il clinical trials in different
geographies are typically required
for sufficient clinical evidence to be
obtained.

There is the registration cost
and at the stage of market release,
there is also the manufacturing cost
of the intervention, which has two
components: the facility and the
actual therapeutic manufacture.
Manufacturing a biologic requires a
dedicated facility, costing on average
$350mn, without considering running
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SOM rNPV for each market with Dynamic Risk Rate application (values indicated in Smn)

costs, while a chemical entity
manufacturing facility costs on average
$65mn. Actual manufacture of the
pre-launch phase has been estimated
to reach 30% of the costs of sales
(Basu et al. 2008); for the purpose of
generating the most optimistic possible
rNPV, we elected to use the lowest
possible value for manufacturing.

Higher downstream costs (scaled-
up manufacturing, continued clinical
studies) for the later stages were not
included for rNPV calculations, which
would have to be done on anintervention-
by-intervention basis depending on
the outcomes of the original clinical
trials and recommendations of the
reimbursing agencies.

Success Rates

We used information from the
latest publications (Wong, Siah & Lo
2018; Thomas, n.d.) reported in the
supplement to the article, which
contains 11 years of data from 2005 to
2015, related to multiple indications
and the success rate transitions from
Phase | to Phase Il of the clinical trial.
We averaged all 11 years of success-
rate data by phase for cardiovascular or
endocrinological/metabolic indications
and used this as the ‘success rate’ for
the pertinent indication.

Results

Modelling the rNPVs

We first set out to determine the
impact on output valuations when
the full economic cost (FEC) or the
abbreviated cost of development were
used in the SAM. Using just the USA as
the SAM market example, the high costs
were compared to the low costs using
generic success rates for four potential
interventions; biologics treatment for
cardiac-related disease, biologics
treatment for diabetic-linked diseases,
chemical entity-based treatment
for cardiac-related disease, and
chemical-entity based treatment for
diabetic-linked diseases. As expected,
independent of the disease indication
or application, using FEC resulted in
a reduced rNPV value along the value
chain. On average and independent of
clinical phase, rNPVs were $49 million
dollars higher between abbreviated
low costs and FEC low costs, and
$71 million dollars higher between
abbreviated high costs and FEC high
costs. The implication being clear that
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whether your costs are critical-path
or encompassing total out of pocket,
reducing costs will increase the rNPV.
When comparing phase by phase, rNPVs
for abbreviated costs were on average
$10.5 million higher for both Phases
Il and Il compared to the FEC, while
Phase 1 rNPVs for abbreviated costs
were $36 million higher, implying that
increasing the cost-effectiveness of
the early-stage R&D will have a greater
impact on longer-term value.

When we integrated into the rNPV
calculations the latest indication-
specific success rates, the impact
was more dramatic. At a Phase Il level,
using indication-specific success rates,
on average a $180 million decrease in
rNPV was observed, while at the Phase
Il level, the average decrease was
$507 million (averaging was performed
across indication and therapeutic
approach. The critical importance
and ramifications of this are further
explored in the real-world modelling).

As the FEC high and FEC low
corresponded to the total value chain
costs up to the first two years of market
release, and indication-specific success
rates arguably provide a more accurate
analysis, all subsequent simulations
were performed using these values,
comparing the USA and European
markets.

The next simulation was to integrate
in level of local market penetrance, or
SOM. In healthcare interventions, SOM
is determined by the existing standard
of care, the outcomes of the clinical
trials, how convincing the clinical data
is compared to the null hypothesis and
the potential pricing. Much of this forms
part of pricing and reimbursement
decision-making through procedures
like HTAs, which can therefore influence
the pricing. HTAs are nowadays well
established not only in traditional HTA
markets like the United Kingdom, but
also elsewhere like other European
markets and in the United States,
Canada and Asia, and it is gaining
further global momentum. Whilst
processes and methods may differ
from one jurisdiction to another, the
basic principles of the data used being
relevant and meaningful to decision-
makers and the value proposition being
robust and able to be substantiated
remains across jurisdictions. Therefore,

we have researched these aspects
and reflected them against our own
experience conducting and advising on
HTAs in these jurisdictions to inform
our analyses presented in this article.
We especially considered robustness,
relevance and meaningfulness of the
underlying data as the overlapping
areas for HTA decision-making in our
work. For this we considered published
sources as well as our own experience.
As the work we present in this article
is a novel approach and has not been
done before, we firmly believe this to
be a robust approach to this decision
analysis.

Taking the perspective of an
early-stage company, considering
moving forward one of its compounds
in which alternative interventions would
represent the competing products with
different market shares, we modelled
how the estimated ‘market penetrance
by percentage’ would further influence
the rNPV (It should be noted that the
100% value indicated in these tables
corresponds to the SAM value). Taking
into consideration that pre-Phase
I would involve spending anything
from $18 million to $250 million, it
became clear that any intervention,
for whatever rationale, would need
to obtain greater than 15% market
share to be worthwhile, with the
lower market share only potentially
making returns in the long term, with a
potential to reposition the intervention
in alternative diseases in the same
indication to increase revenue. This was
the same for all disease/intervention
type combinations. As rNPVs are
additive, for early-stage entities
planning intervention development it
also raises the strategic necessity of
internationalising as early as possible:
while it is tempting to establish foreign
subsidiaries to access markets, this can
be expensive, and for an early-stage
company, longer-term strategies of
joint development and partnering
will potentially create future value
when a more local-based perspective
would not. It also addresses the
importance of above regarding HTA's
and reimbursement decisions taken
in trading blocks such as Europe, in
that one country may make a different
decision to another, irrespective of the
transferability of the HTA requirements,
and market penetrance modelling
needs to be performed in some detail.

Technology P4

Discussion

The rNPV outcomes obtained by
using the full economic costs of the
development that would be incurred
by either one stakeholder performing
everything in-house, or through
multiple stakeholders transferring
the technology upstream to a more
relevant stakeholder versus abbreviated
costs were dramatic, and if based on
using accepted ‘generic’ values go
some way to explaining why the ROI
on drug development is so low. Drugs
reach the market where competing
products drastically diminish the value
of the innovation’s applicability. This
was further impacted by geographic
separation into SAMs and further still
when the simulation included real world
market penetration of interventions, in
which there are multiple reimbursable
interventions available. This would
mean that all portfolios would need to
be re-evaluated to assess true value,
and then tied into the company’s
logistical capacities, implementation
approaches and strategies, and
partnering possibilities to try to
maximise value.

The use of a harmonised risk value
inside the calculation would go a long
way to informing all stakeholders, and
while the IRR is standard, because its
estimation is company-specific this can
change significantly. We have proposed
one alternative; it is clearly more
realistic than existing risk rates when
put into the context of real-world data
but further modelling using as many
different real-world examples, including
from licensing deals, would inform the
utility of its application.

From the initial development of our
model using the inputs and calculations
described here, we are constantly
updating the model and its inputs with
further up-to-date data and product-
and company-specific information to
reflect up-to-date market realities
providing true real-world valuations.

Conclusion

The resulting necessity to identify the
true value of the innovation and the
influencing factors indicates several
approaches that should be taken
during the whole development cycle.
With an eye on the end goal and what
is driving reimbursement, clinical
development programmes, especially
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Comparison of rNPV models used in study when applied to real world
revenue generating medical interventions.

Phase Il and Il trials, need to include
endpoints required by and relevant
to HTA organisations and payers in a
way that they are considered robust
by them during their assessments and
appraisals. Where this is not happening,
the company will face a high risk of

negative reimbursement decision- 4

making and, therefore, none to (at best)
very limited uptake and sales.

There also needs to be a much
closer link between the designs of the 5,
preclinical work and that during the
clinical phases; performing preclinical
animal work in the same way that
human clinical work is now an accepted
norm, but is just the starting point.
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