
46 INTERNATIONAL PHARMACEUTICAL INDUSTRY  Summer 2019 Volume 11 Issue 2

Clinical  and Medical Research

A Novel Valuation Model for Medical Intervention 
Development

All stakeholders involved in the 
development, licensing and market 
access of healthcare technologies use 
a stage-specific valuation match that 
integrates risks and outcomes to inform 
their decision-making. A stage-specific 
valuation method, based on defining 
future cash flows for a product that are 
success-rate probability adjusted prior 
to being discounted with a risk rate, is 
termed risk-adjusted net present value 
(rNPV). Values from these calculations 
can be highly variable depending on the 
data used to generate the calculation, 
and in light of the estimated $2.6bn 
in capitalised costs that is necessary 
to move an innovation to market, 
without any guarantee of product 
reimbursement, the financial risk is very 
high. Recent return on investment (ROI) 
numbers for life science investment 
are significantly lower than the weight-
adjusted cost of capital, implying 
healthcare research and development 
(R&D) is economically unattractive. 
The outcome is that the objectives of 
modern intervention R&D are more 
linked to moving risk off the books or 
downstream to larger companies, that 
at face value seem better positioned 
to develop the products further, when 
in fact a complete reconfiguration of 
approaches, models and realistic actions 
and strategies are likely to generate more 
value. As rNPV calculations are only as 
good as the data used to generate them, 
and both accurate and comprehensive 
values ideally should be used, based on 
real market dynamic, the latest clinical 
success rates and considering the latest 
reimbursement approaches (such as 
health technology assessments [HTAs]), 
we reassessed valuation approaches. 
To do this, we integrated the reality 
of later-stage clinical validation, 
product reimbursement based on 
payer perspectives, and downstream 
costs to generate a whole value-chain 
calculation. The outcomes led us to 
develop an alternative risk rate model 
based on dynamic changes that occur 
throughout the R&D process. While 
modelled for medical intervention 
development, the outcomes of this work 
can also be applied for diagnostics and 
medical devices.
Our work has the potential to identify 

and address gaps in the development 
programmes of medical interventions 
(pharmaceuticals, devices and 
diagnostics) to improve them and thus 
increase the ROI significantly beyond 
the current rate of return.
This article is the first in a series which 
describes the market problem, and our 
solutions and commercial offerings.
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For any entrepreneurial venture, 
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. 

This significant risk has led to the 
establishment and now standard usage 
of an rNPV (Villiger n.d.; Booth 2011; 
Booth 2014; Dillon 2015; Drummond 
2013) for life science investments, 
in which the risk rate is typically the 
company-specific internal rate of return 
(IRR) (Gallo 2016).

At present, the ROI on pharmaceutical 
R&D is reported to be dropping below 
an estimated 2% for 2018 (in 2017 it was 
3.2% (Terry and Lesser 2017), and in 2010 
over 10%), while the weight-adjusted 
cost of capital is presently at an industry 
average of 8.13% (Stern communication 
2017). This means that to perform R&D 

not only carries significant financial risk 
but also fundamentally diminishes the 
value of the money being engaged.

There are several possible sources 
of this problem: 

• First, the definition of the terminal 
market value in the rNPV equation, 
in which global or total accessible 
market (TAM) values are used, yet 
launching a healthcare innovation in 
different ‘regulatory’ trading blocks 
(North America, Europe, Asia-Pacific, 
Mercosur, and potential further 
geographic distinctions) cannot 
occur without satisfying the local 
clinical requirements which cannot 
be geographically transferred 
(Shenoy P 2016; Ndebele P et al. 
2015; Van Norman G 2016; Dunlop 
et al. 2016; Allen et al. 2017; Angelis 
et al. 2018); 

• Second, the pertinence of HTAs 
which often (in over 120 countries) 
include cost-effectiveness analyses 
comparing the new intervention 
to existing standards of care to 
define where and at what price 
the intervention will be reimbursed 
and that, while valuations simplify 
global market values, the geographic 
diversity of HTA and if, how and for 
what decisions are made means 
local geography valuations have to 
be integrated; 

• Third, the complexity and volume 
of clinical data that needs to be 
generated, managed and continually 
collected to generate a high-quality 
reimbursement argument with 
associated costs; 

• Fourth, the indication-specific 
probability of clinical transition of 
a therapeutic; and 

• Fifth, the perception that total 
indicated sales represents the 
terminal market value to be used, 
ignoring the reality that nearly 
two-thirds of the sales costs are 
used to manufacture and sell the 
final product.

As rNPV is the de facto valuation 
model used throughout the industry, 
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the previous studies indicated above 
and several recent articles in the past 
year reported on updated clinical trial 
success and our own experiences. We 
investigated the impact of indication 
specific success rates, the relevance 
of HTA determined SAM/SOM values 
and full economic costing on rNPV 
valuations in healthcare. This work 
then prompted us to develop a de novo 
valuation model. 

Methods
We used the industry standardised 
valuation model and equations for 
performing rNPV calculations (Villiger 
n.d.; Dillon 2015; Svennebring and 
Wikberg 2013; Stewart et al. 2018).

We started by integrating full 
development costs into the rNPV 
calculation, followed by indication-
specific success rates obtained from 
recent analysis (Wong, Siah & Lo 2018), 
published market size values for the 
complete drug development lifecycle. 

Differing terminal market values were 
based upon level of market penetrance 
of existing standards of care for the 
different conditions, against which any 
new intervention would be compared 
for reimbursement purposes. 

This enabled us to model stage of 
development-specific rNPV calculations 
as a level of ‘arguable competitiveness 
to existing standard of care’ of the 
product. 

Further in-depth analysis can only 
be performed comparing original 
proprietary interventions being 
developed to the mechanisms of action 
and agreed reimbursement usage of 
the existing standards of care, which 
can only be calculated using individual 
companies’ proprietary information.

Sensitivity analysis was performed 
at multiple levels: different market 
penetrations, generalised vs latest 
indication specific success rates, and 
highest vs lowest potential costing.

rNPV model validation was 
performed using four different 
possible interventions in two different 
indications, while real-world model 
validation was performed using three 
interventions presently on the market 
with significant revenues.

Results
Modelling the rNPV
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.

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.

When comparing phase by phase, 
rNPVs for abbreviated costs were on 
average $10.5 million higher for both 
Phases II and III compared to the FEC, 
while Phase I 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.

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 and specifically payer-relevant 
outcomes, how convincing the 
clinical data is compared to the null 
hypothesis and the potential pricing. 
For example, generating a fifth in class 
(but not generic) me-too intervention 
and obtaining reimbursement can 
often entail offering significant price 
reductions to the paying body to ensure 
market penetrance, while mechanism of 
action, off-target effects and drug-drug 
interactions can further influence the 
paying bodies’ willingness to consider 
the intervention. 

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.

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.

In rNPV calculations, the success 
rates inputted typically correspond 
to the success rate of transition into 
the next phase, not the cumulative 
success rate of the intervention at 
that specific phase, going all the way 
to market. We therefore repeated the 
rNPV calculations this time using the 
indication-specific cumulative success 
rates.

Changing the Risk Rate
Despite rNPV valuations increasing with 
clinical phase success and success 
rates increasing, if the ROI is decreasing, 
the implication is that the risk rate 
being used in the rNPV calculation 
is incorrect or illogical. We therefore 
decided to model a formula for a risk 
rate that would be based on financial 
risk and a successful movement to 
market dynamic.

We used the phase-specific 
cumulative success rates to generate 
the failure or progress risk rate, and 
multiplied the baseline risk rate by this 
value to generate the phase-specific 
risk rate.
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When a progress-dependent 
dynamic risk rate (pd-DRR) is used in 
combination with market penetration 
SOM values, significantly lower 
valuations are obtained compared 
to using the IRR, but earlier-stage 
innovations still retain value. This may 
be disappointing news for investors in 
life science, but it corresponds more to 
the market reality.

Testing the Model
To compare and test the models, 
we looked at three interventions 
that had been launched onto the 
market: Ramipril (chemical entity – 
cardio), Reopro (biological / cardio) 
and Dapagliflozin (chemical entity – 
non-insulin), obtaining total global sales 
volumes for each one as the terminal 
market value.

These analyses confirmed the 
validity, robustness and meaningfulness 
of our research and modelling. 

Discussion
It has been argued that “the only thing 
you can guarantee about any valuation 
is that it is wrong” (Dillon 2015), which 
prompted us to leverage our experiences 
in working from the early stages of R&D 
to mid-stage clinical validation, and from 
mid-stage clinical validation to marketing 
authorisation, reimbursement, market 
access and sales planning to identify 
potential reasons for holistic solutions 
to address the issue. No recent studies 
have been based on actual indication-
specific clinical success rates and based 
on our observations and the accessibility 
of 15 years of up-to-date information 
(Thomas n.d.; Wong, Siah and Lo 2018), 
this has an enormous impact on value 
calculations.

It was also important to perform 
complementary simulations using 
well-known and peer-reviewed sources 
of costs of development and historical 
success rates matched with the figures 
from the latest research to break down 
the components and figures that go 
into valuations to see where possible 
optimisations could be performed. The 
aim being to make valuations somewhat 
closer to reality.

The outcomes of the simulations 
clearly indicated three key findings: 
• First, that every stakeholder in the 

development of novel interventions 

needs to be fully integrated, and 
communicating costs with each 
other, so that each one understands 
the full cost of development and 
how this impacts the stage-specific 
valuation; 

• Second is the importance of 
indication-specific success rates, 
which in simulations reduced 
values by up to $500 million, and 
using real-world data $200 million; 

• Third, that from a small company 
perspective working typically within 
one regulatory and HTA-specific 
geography, their own innovations 
should have their valuations 
performed using terminal market 
values defined by not only a 
regulatory licensing but also a 
value for money (as determined 
by HTA organisations and payers) 
assessment of their innovation, vs. 
the standard of care in the given 
jurisdiction to determine ranges 
of possible market penetration. 
As already stated above, payer 
and HTA requirements, methods 
and processes may vary across 
jurisdictions. However, certain 
characteristics overlap across those 
jurisdictions, i.e. robustness of 
evidence / data, its meaningfulness 
and relevance to decision-makers. 
We took these into account for our 
work based on published evidence 
and our own experience conducting 
and advising on HTAs and payer 
discussions for recent healthcare 
technologies. We have further 
taken into account developments 
of payer and HA-specific early 
scientific advice services offered by 
payers and HTA organisations, both 
official and unofficial procedures 
(e.g. NICE scientific advice, 
EMA-HTA scientific advice, advisory 
boards, etc.) to further substantiate 
our work.

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 many 
different real-world examples, including 
from licensing deals, would inform the 
utility of its application.

There are limitations our research 
presented here: 
• First, costing of development. While 

there was an impact on rNPV for the 
small company or business unit, they 
already know they are working within 
a high-risk endeavour and, to a certain 
extent, given the long timeframes, 
all possible opportunities from an 
innovation may not be apparent at 
the start of development. However, 
opportunistic costs of capital cannot 
be ignored; an investor wants 
to make a return and therefore 
prioritises investment based on this.  

• Second, the real costs of 
development; these can balloon 
and decrease during early stages 
very easily, while the reported costs 
of clinical studies, we feel are an 
underestimate. In all costing models, 
only direct costs to the clinical centre 
are mentioned; the typical 100 to 
120% indirect cost charged to a large 
company is not included, nor are 
the company-related costs for the 
clinical trial such as their own staff 
and intervention manufacture, which 
can run into millions of dollars.

• Third, related to clinical trial design: 
we are fortunate to have access 
to 15 years of modern clinical 
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trial data success rates, but in 
many cases, progression, primary 
outcome achievement and eventual 
reimbursement definition is defined 
by the clinical trial design, whether 
it is randomised, non-randomised, 
cross-over, matched pair and so 
forth. It would be interesting to know 
within the different levels of success 
for each stage for each indication, 
whether there was a bias towards 
a clinical trial design that favoured 
successful outcome. 

Conclusion
We believe we have identified a risk 
rate model that corresponds to the 
dynamics of medical intervention 
development, which relies less on 
hidden figures and is based upon a 
common understanding of investment 
decisions. While early-stage innovators 
and investors may not like the reduced 
valuation, the alternative is for them to 
invest and be told after a lot of money 
has been spent that there is no chance 
of a license or gaining reimbursement 
and thus uptake and sales, while if a 
more realistic valuation is performed, 
they may find a more amenable and 
also long-term R&D partner in the 
purchaser.

This may be uncomfortable for 
many investors and small companies, 
but the risk and future costs being 
carried by the entities responsible for 
actually converting the innovation into 
a commercial product is significantly 
greater than is presently being 
calculated.

However, our work also has the 
potential to identify and address gaps 
in the development programmes of 
medical interventions (pharmaceuticals, 
devices and diagnostics) to improve 
them and thus increase the ROI 
significantly beyond the current rate 
of return.
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