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ABSTRACT
Critical voices on unfairly high mpox and other vaccine 
prices open the debate on the ‘right price’ to be paid to 
private vaccine suppliers. We apply compound real options 
analysis as a more appropriate valuation method to derive 
a correct firm’s break-even price. Real option models are 
better able to capture the development costs, associated 
risks and the embedded operational flexibility in vaccine 
development in a superior way compared with more 
traditional net present value (NPV) methods. The real option 
price is lower than standard NPV-based methods, thereby 
providing a basis to improve the bargaining position of 
payers in negotiating better vaccine price outcomes. 
Deeper insights into the correct break-even price will 
create a more balanced playing field between firms and 
payers. This can also lead to more equitable access to 
vaccines in developing countries.

On 18 September, Gavi, the Vaccine Alliance, 
announced an advance purchase agreement 
with the Danish firm Bavarian Nordic to secure 
500,000 doses of its MVA-BN mpox vaccine 
(marketed as JYNNEOS or IMVANEX), to 
complement other recent efforts to rapidly 
increase supply and help ensure equitable 
access to countries in Africa impacted by 
the mpox outbreak; funding will come from 
Gavi’s newly created First Response Fund.1

In immediate response to this and other 
recent supply agreements between public 
actors and Bavarian Nordic, including one 
with the US government, critical voices, such 
as the consumer rights group Public Citizen, 
accused the firm not only of obstructing the 
sharing of technology to other manufacturers, 
but also of a lack of transparency in price 
setting and unfairly high pricing, mentioning 
prices that varied from US$55, over US$65, 
up to even US$141 a dose.2

This situation brings us back to a central 
question in the debate on vaccine public 
policy, that is, the setting of the ‘right price’ to 
be paid to private vaccine suppliers by public 
actors, given scarce (global) public funds, 
that could be used for other much-needed 

purposes when vaccine costs could be 
brought down. The issue was discussed with 
respect to the price setting, observed differ-
ences between vaccines and regional dispar-
ities regarding the COVID-19 vaccines3 4 and 
was also prominent in the debate on over-
coming the reluctance of private companies 
to invest in the development of vaccines for 
tropical diseases. In the latter case, the use 
of so-called pull financing mechanisms, such 
as Advanced Market Commitment (AMC), 
launched in 2009 for pneumococcal vaccines, 
was often suggested.5 Recently, AMC-type pull 
financing has also been suggested as a key 
instrument for securing affordable and acces-
sible vaccines against COVID-19 and other 
diseases for the next decade.6 7

While the literature focuses on the pres-
ence of monopoly power and the lack of 
intracompany transparency on exact cost 
structures (and on the use of public funding 
in early stages of the development of the 
vaccine) as major causes of the unfairly high 
price setting by firms, again in the case of the 
mpox vaccine and Bavarian Nordic, hardly 
any attention has been paid to one partic-
ular dimension of vaccine pricing, which 
relates to the appropriateness of the valuation 
method used to come to a correct price. In 
our view, part of the incorrect price setting 
and resulting overpricing has to do with the 
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use of inappropriate methods of valuation, more partic-
ularly the continued across-the-board application of 
the conventional net present value (NPV) approach. In 
this contribution, we try to show how the use of more 
appropriate valuation tools, namely a (compound) real 
options approach, will generally lead to more correct and 
lower price setting. To show the different price outcomes 
between the two valuation methods, we will use the AMC-
linked pneumococcal vaccine case. Although the prime 
focus of this article is on the pricing issues surrounding 
vaccines, the real option model can also be applied to a 
wider context such as pharmaceutical research and devel-
opment (R&D), orphan diseases and drug reimburse-
ment where similar pricing issues emerge.8

APPLYING DIFFERENT VALUATION METHODS FOR VACCINES
In the pneumococcal case, donors commit to subsidise 
the purchase of the vaccine at a preagreed price. This 
AMC mechanism, coordinated and managed by the 
Global Alliance for Vaccines and Immunisations (GAVI), 
the intermediating health organisation between donors 
and vaccine producers, is an example of a pull strategy 
to incentivise the development of a vaccine. By guaran-
teeing a minimum viable market demand, it encourages 
companies to invest in the development or the expan-
sion of manufacturing capacity of vaccines for developing 
countries. Companies receive this guaranteed price up 
to a certain number of doses, after which the companies 
commit to sell the vaccine at a much lower price (ie, the 
so-called tail price intended to reflect the marginal cost 
of production).9 Indeed, the AMC mechanism allows the 
purchase of vaccines at prices far lower than their typical 
retail value: contract prices are about 95%–97% lower 
than retail market prices for Streptococcus pneumoniae 
vaccines.10 In the case of the pneumococcal vaccine, the 
total AMC price per dose was set at US$7.0, consisting of 
a tail price of US$3.50 per dose and a top-up subsidy of 
US$3.50 paid out of the AMC donor funds for the first 
21% of the doses supplied by each company.11

Obviously, one of the most difficult (and controver-
sial) steps in this process is determining the correct price 
for the product. For instance, Médecins Sans Frontières 
launched a global campaign in 2015 to reduce the price 
of pneumococcal conjugate vaccine to US$1.66 per dose, 
while Pfizer claimed that a price of US$3.30 per dose 
was below the cost of manufacturing.12 The same pricing 
issue now resurfaces in the context of COVID-19 and 
mpox vaccines.

Typically, the standard framework in the pharmaceu-
tical industry to calculate the price is the NPV model. One 
survey shows that the majority of pharmaceutical firms 
dominantly rely on NPV-based valuation approaches for 
evaluating projects.13 The real option utilisation rate 
is 6.0% in a survey among Scandinavian firms (19% in 
healthcare) vs 74% for NPV methods.14 Another study 
reports that 14% of healthcare firms use real option 

methodology.15 NPV was also the leading method in the 
pneumococcal vaccine case.16

However, an NPV model only looks at cash inflows and 
outflows, without taking into account any flexibility to 
adjust, rescale or abandon a project.17 It assumes a now-
or-never decision following a rigid path once the invest-
ment decision is taken without possibly adjusting the 
strategy during the execution of the project.18 However, 
in a dynamic environment, projects will often not materi-
alise in the same shape as the decision-maker has initially 
expected.17 New information may arrive or particular 
sources of uncertainty may be resolved, making it thus 
valuable to modify the project.19 The added value of real 
options lies precisely in incorporating such operational 
flexibilities and strategic dimensions of projects.20 While 
the real option model is conceptually superior to an NPV 
approach, one can also acknowledge some drawbacks. 
Real option modelling has a higher complexity, requires 
more data input and often demands programming in a 
mathematical software program such as Matlab.14 15

It is now widely accepted in the economics literature 
that R&D cannot be accurately valued through an NPV 
lens.20 Real option methodology is well suited to handle 
important resource allocation decisions which require 
considerable irreversible investments staggered over a 
prolonged period in combination with highly uncertain 
future payoffs.19 The development of a new vaccine is a 
textbook case of real option analysis.21

More specifically, the development of a new vaccine 
follows a regulated pathway of six distinct phases (see 
figure  1).22 Developing a new vaccine starts with a 
preclinical test phase, followed by three clinical test 
phases, a supervisory approval phase and ultimately the 
commercial launch phase. At each transition, a go/no go 
decision has to be made. This multistaged vaccine devel-
opment process can be seen as a sequence of real options 
and can be modelled as a generalised n-fold compound 
option model. Starting the R&D discovery phase provides 
a sixfold compound option on future net sales coming 
from commercialising the vaccine. In contrast to NPV, 
the compound real option model shows whether the 
commercial potential of a new vaccine compensates its 
start-up costs, taking into account the development risks 
and development costs at each phase.

Due to explicitly considering its optional nature, a 
crucial insight is that real option logic will lead to a higher 
project value, compared with the NPV approach.17 20 This 
is because the real option model reflects the time value 
capturing the flexibility of the decision-maker, while the 
NPV no-flexibility model ignores this value.18 23 This in 
turn implies that using this approach may lead to more 
projects of vaccine development becoming profitable. 
Consequently, it may also call for a lower preagreed price 
to render the project profitable to encourage companies 
to invest.

The real option model (and also the NPV model) 
calculates the minimum break-even price from the firm’s 
perspective, taking into account its expected costs and 
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benefits/revenues, risks and flexibilities at market condi-
tions.24 In real life, firms can obviously take into account 
other elements, such as losses of failed trials elsewhere 
(portfolio approach), in negotiating a higher price than 
this break-even price.

Our model on pricing is also related to commonly 
used approaches in Health Technology Assessment 
(HTA).25 Although HTA is a multidisciplinary process 
that includes not only clinical and economic assess-
ment but also ethical, social and organisational assess-
ments to determine the value of a health technology 
at different points in its lifecycle, its economic assess-
ment remains an important dimension of HTA, in 
which a real options approach can provide important 
additional insights. In terms of economic assessment 
models used, the real option approach definitely 
relates to so-called cost-plus methods, where it allows 
for a more correct inclusion of risk and also includes 
the value of flexibility (as compared with an NPV-based 
cost plus method). It can also be perfectly integrated in 
more value-based assessment methods not only to allow 
for a better calculation of the cost dimension, but also, 
more broadly, to incorporate in a more correct way all 
elements of uncertainty and flexibility that may also 
be embedded in the societal dimensions of the assess-
ment. As these strategic and uncertainty elements are 

even more present in early stage HTAs, such as in the 
case of vaccines, real option models will be particularly 
useful in this context.26

We illustrate the comparison of the real option and 
NPV model through a stylised example. Table 1 contains 
detailed information on the timing, development costs 
and success rates of the six development phases of a 
fictitious vaccine. For instance, starting up the project 
(discovery phase) is expected to cost US$9 million, with a 
probability of success of 98%, while starting the preclinical 
phase is expected to occur after 1 year at a cost of US$10 
million, with a probability of success of 90%, and so on. 
The target population for the vaccine (the market pros-
pect) is estimated at 100 million doses. We assume that 
a realistic market price for one vaccine is about US$3.50 
per dose, implying an expected incoming cash flow of 
US$350 million. Launching the vaccine costs US$35 
million, leading to a net cash flow of US$315 million. 
Taking into account the probabilities of success at each 
phase, one can calculate the expected NPV (ENPV) of 
the project as −US$38.3 million (see table 1).27

The ENPV of the project is calculated as:

	﻿‍
ENPV =

7∑
i=1

ρi

T∑
t=1

ECFi,t(
1 + wacc

)t = −38.3 million
‍�

Figure 1  The development process of a vaccine.
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where i = 1,…,7 represents the seven phases from 
discovery through commercialisation, ρi is the probability 
that stage i is the end stage for the drug (put differently, 
this is the probability that the drug has to be terminated 
in this stage due to development risks), T is the end stage 
time for the drug, ECFi,t is the expected discounted total 
cash flow at time t given that stage i is the end stage, the 
WACC (or weighted average cost of capital of the firm) is 
the appropriate discount rate for the expected cash flows 
(assumed to be 10%).

Clearly, at this price, the NPV model shows that compa-
nies will not invest in this vaccine as it turns out to be a 
loss-making project. To induce companies to develop this 
vaccine, we can calculate at what price they are prepared 
to do so. Technically speaking, this is the price that makes 
the NPV equal to zero. In our example, a price of about 
US$7.28 will render the project value breakeven and thus 
acceptable for investment (see upper panel in table 2).

Now we turn to the real option framework. As 
explained earlier, the value of the compound option has 
to be compared with the cost of the first phase. Equal to 
the NPV inputs, at a market price of US$3.50 per dose, 
the present value of incoming cash flows in the commer-
cialisation phase is estimated to be US$350 million. Simi-
larly, the exercise price of the final phase amounts to 
US$35 million, the exercise prices of the earlier phases 
of the compound option amount to US$10 (preclinical), 
US$13 (clinical I), US$33 (clinical II), US$86 (clinical 
III) and US$42 (approval) million (see table 1, column 
5), while the probabilities of reaching the next phase 
are 90% (preclinical), 88% (clinical I), 45% (clinical 
II), 72% (clinical III) and 95% (approval) (see table 1, 
column 6). Additionally, the real option model assumes 
that the point estimation of the market potential can vary 
with an instantaneous SD of the project return of 72.45%. 
In applying all these parameters to a compound option 
model, we value the upside potential of the vaccine 
project at US$7.6 million. In an online supplemental 

appendix, we present the full n-fold compound option 
model and its calculations in more detail. Compared with 
the start-up cost of US$9 million (see table 1), this implies 
again a rejection of the project as its value becomes nega-
tive: −US$1.4 million. Again, we calculate what price per 
dose is needed to make the project breakeven, a price 
per dose of about US$3.78 (see lower panel in table 2). 
This makes the project acceptable for investment.

If one compares the real option value and the NPV, 
one can see where the additional value of the real option 
logic comes from. That is,23

Table 1  Calculation of the expected net present value of the vaccine project

Phase Time Outgoing CFit Incoming CFit Net CFit pi ρi ECFit CCFit

Discovery 0 −9 0 −9 0.98 0.02 −9.0 −0.2

Preclinical 1 −10 0 −10 0.90 0.098 −18.1 −1.8

Clinical I 2 −13 0 −13 0.88 0.1058 −28.8 −3.1

Clinical II 3 −33 0 −33 0.45 0.4269 −53.6 −22.9

Clinical III 5 −86 0 −86 0.72 0.0978 −107.0 −10.5

Approval 8 −42 0 −42 0.95 0.0126 −126.6 −1.6

Launch 9 −35 350 315 1.00 0.2389 7.0 1.7

ENPV −38.3

CCFit, discounted conditional cash flow at time t given that stage i is the end stage given probability ρi; CFit, outgoing cash flow (development 
cost per phase), the incoming cash inflow (the net sales income in the last phase) or the net cash flow (the difference between incoming and 
outgoing) associated with each development phase i (in million US$); ECFit, discounted total cash flow at time t given that stage i is the end 
stage; ENPV, expected net present value; Phase, the specific phase in the vaccine development process ; pi, probability of success of stage 
i ; Time, the maturity date for each phase (expressed in years); ρi, probability that stage i is the end stage for the vaccine.

Table 2  Comparison between NPV and real option logic 
for price support

Price per 
dose
(in US$)

Project value
(in million US$)

Required 
support
(100 million 
doses)

NPV logic

 � Market price 3.50 NPV=−38.3

 � Break-even 
price

7.28 NPV=0

 � Price support 3.78 US$378 million

Real option logic*

 � Market price 3.50 ROV=−1.4

 � Break-even 
price

3.78 ROV=0

 � Price support 0.28 US$28 million

*The real option model assumes that market risk is measured as 
the instantaneous SD of the project return and is estimated to be 
72.45%. The risk-free interest rate amounts to 2.97%. Source: 
Aswath Damodaran (New York University) at http://pages.stern.
nyu.edu/~adamodar. All other input data for the real option model 
is identical to the NPV model. A detailed description of the real 
option model used and the calculations are provided in the online 
supplemental appendix to this analysis.
NPV, net present value; ROV, real option value.

https://dx.doi.org/10.1136/bmjgh-2024-018390
https://dx.doi.org/10.1136/bmjgh-2024-018390
http://pages.stern.nyu.edu/~adamodar
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	﻿‍ Real Option Value = Static NPV + Value of Flexibility‍�
Applied to the example this implies that the value 
of flexibility is the difference between the NPV (−
US$38.3 million) and real option value (−US$1.4 
million) or US$36.9 million.23 The added value 
of the real option logic reflects the full flexibility 
pharmaceutical firms have at each ‘milestone’ in 
the multistage development process (continuation 
or abandonment). Capturing the full value of this 
managerial flexibility leads to a higher real option 
value. Indeed, at each milestone, the firm needs to 
balance the cost of the focal stage with the potential 
of continuing the project (real option value beyond 
that stage).

For instance, suppose one considers the second 
milestone (clinical I phase). At that moment, the 
firm needs to compare the real option value of the 
next stages with the cost of finishing the clinical 
phase. Only when the real option value is higher 
than the cost of US$13 million, it is worth for the 
firm to continue the project, in the opposite case it 
will abandon the project and avoids being stuck in a 
loss-making project.

PRACTICAL DATA CHALLENGES
A practical challenge in implementing a real option 
approach for (mpox and other) vaccines lies in 
obtaining specific data for different input parameters 
such as development costs, success rates or market 
demand. The data requirements are not unique for 
real option models, they are similar for NPV and 
similar models in HTA. In fact, real option models 
share many data points with the other models such 
as development costs, market demand, time lines 
and success rates. On top of that real option models 
require the input of a volatility metric. While many 
of the data points are often subject to proprietary 
sources of firms, payers and other outsiders can 
rely on public proxy data and assumptions based on 
similar vaccines.

Combining estimates from public clinical trial 
registries such as ​ClinicalTrials.​gov, expert fore-
casts,28 meta-studies,29 systematic reviews30 and/or 
surveys31 can help in addressing input data. One can 
combine such historical data with actively tracking 
mpox vaccine trials such as BioNTech’s BNT16632 and 
Bavarian Nordic’s Jynneos33 for phase-specific data 
points and use triangular distributions for missing 
data.31 Moreover, one might also consider using data 
from smallpox vaccine development as a proxy for 
mpox vaccines.34

Estimates for volatility can be estimated using histor-
ical data of pharmaceutical companies,23 implied 
volatilities of traded options on listed pharmaceu-
tical companies17 or using a calibrating exercise of 
matching theoretical probabilities with subjective 
assessments of managers or experts.35

Finally, using sensitivity analysis to analyse the 
impact of estimation errors for key proxy datapoints 
gives further insight in the robustness of the approx-
imations (see the online supplemental appendix). 
While we think that the above approach enables 
robust investment modelling despite data limitations 
for payers, we acknowledge this as a potential limita-
tion for the real option approach, but again, this is 
not different from more traditional methods.

MORE EQUITABLE ACCESS TO VACCINES
While the NPV model calls for a preagreed price 
per dose of about US$7.28 per dose, the real option 
model shows that US$3.78 per dose would already 
suffice to render the project profitable. Table 2 shows 
the consequences for price support. In the NPV logic 
about half of the break-even price per dose would 
need to be sponsored, implying a huge investment of 
US$378 million, while the real option model shows 
that a much smaller investment of US$28 million is 
needed to trigger investment in the vaccine project. 
Although the gap between the NPV-price per dose 
and the real option dosage price can vary depending 
on the specific vaccine, the real option model typi-
cally reduces the total price required for profitability.

Our approach also has important consequences for 
vaccine price negotiations between firms and payers. 
These negotiations are often characterised by unbal-
anced power relations, where payers are in the disad-
vantage, for example, due to asymmetric information 
on exact parameters of development costs and risks, 
as well as other factors such as scarcity of alternatives 
from the payer’s perspective.36–38 Since a real option 
approach allows for a more correct, and lower, firm’s 
break-even price, and all other factors held constant, 
it improves the bargaining position of the payer as he 
now has better knowledge of the firm’s true break-
even price. It typically would provide the payer for 
a bigger negotiation range between the (now lower) 
minimal-acceptable price for the firm and the 
maximum acceptable price for the payer. In case the 
firm suggests a price that is (considerably) higher 
than this (real-option-derived) break-even price the 
payer has a better argument to downplay this claim.

This particular case used may not fully compa-
rable to the Bavarian Nordic mpox vaccine case but 
was used to make a central argument using a widely 
known and more transparent case. However, we can 
safely assume that also Bavarian Nordic uses NPV-
type of valuation methods in their pricing models, 
assuming some overpricing in this sense, making the 
central argument of this contribution also relevant 
for this and other cases. Obviously, replication in the 
case of the Bavarian Nordic mpox case would require 
more detailed intrafirm cost information and more 
complete knowledge of the history of the development 
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of this particular vaccine, including the use of public 
funding in former stages of its development.

In conclusion, the real option framework not only 
allows determining the right price for the vaccine 
R&D program, but also gives detailed insight in the 
different value drivers of the project to induce phar-
maceutical companies to start development. It can 
be used, as we showed, to determine in more valid 
ways how much sponsoring is required to compen-
sate a company supplying products at prices afford-
able in developing countries or to determine how 
much guaranteed demand is needed to push compa-
nies over the threshold value for product develop-
ment in this domain. Real options are particularly 
suited to gain important insights in pharmaceutical 
companies’ reluctance to develop vaccines for devel-
oping countries and to learn what threshold values 
are crucial to induce investment. Rigorously applying 
the real option approach therefore provides a better 
way to answer the question about the right price of a 
vaccine, and will typically lead to a reduction of the 
necessary intervention needed. By shedding light 
on the appropriate valuation method to come to a 
correct, transparent price, we hope to improve a more 
equitable access to vaccines in developing countries.
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