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Background Partners from an NGO, academia, industry and government applied
a tool originating in the private sector – Quantitative Decision Making (QDM) – to
rigorously assess whether to invest in testing a global health intervention. The proposed NEWBORN study was designed to assess whether topical emollient therapy with sunflower seed oil in infants with very low birthweight <1500 g in Kenya
would result in a significant reduction in neonatal mortality compared to standard
of care.
Methods The QDM process consisted of prior elicitation, modelling of prior distributions, and simulations to assess Probability of Success (PoS) via assurance calculations. Expert opinion was elicited on the probability that emollient therapy with
sunflower seed oil will have any measurable benefit on neonatal mortality based
on available evidence. The distribution of effect sizes was modelled and trial data
simulated using Statistical Analysis System to obtain the overall assurance which
represents the PoS for the planned study. A decision-making framework was then
applied to characterise the ability of the study to meet pre-selected decision-making endpoints.
Results There was a 47% chance of a positive outcome (defined as a significant relative reduction in mortality of ≥15%), a 45% chance of a negative outcome (defined
as a significant relative reduction in mortality <10%), and an 8% chance of ending
in the consider zone (ie, a mortality reduction of 10 to <15%) for infants <1500 g.
Conclusions QDM is a novel tool from industry which has utility for prioritisation
of investments in global health, complementing existing tools (eg, Child Health and
Nutrition Research Initiative). Results from application of QDM to the NEWBORN
study suggests that it has a high probability of producing clear results. Findings encourage future formation of public-private partnerships for health.

International public-private partnerships for health (PPPH) have become increasingly
important for advancing public health in low- and middle-income countries (LMICs)
[1]. The pharmaceutical industry contributes substantially to global health programs
each year, with inputs extending well beyond monetary resources [2]. According to
the World Economic Forum, PPPHs have the potential to maximise health benefits for
the poor and minimise potential risks for the partners involved, with true partnerships
combining different skills, expertise, and resources to achieve a common goal more
effectively than by independent action [3]. The current paper illustrates an approach
implemented through a PPPH for critically evaluating investments to expand the evidence base for interventions and accelerate impact in global health.
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The non-governmental organisation (NGO), Save the Children; the private sector pharmaceutical company,
GlaxoSmithKline (GSK); the academic institutions, Stanford University and Oxford University; and the Kenya Medical Research Institute (KEMRI)-Wellcome Trust, a country-based governmental body responsible for
carrying out health research in Kenya, came together to propose a study in Kenya to investigate whether benefits of topical emollient therapy seen in other settings, particularly in South Asia, can be extended to the East
African context. Leveraging expertise present in the public and private sectors, we sought to investigate the
potential for emollient therapy to address leading causes of neonatal mortality – prematurity and serious infections – in low- and middle-income countries (LMICs) [4].
Very preterm (<32 week gestational age) and very low birth weight (VLBW) infants are particularly vulnerable to mortality, in part due to under-developed skin barrier function [5]. The skin barrier of very preterm
infants is lacking in vernix, a naturally protective cutaneous biofilm [6], and is easily injured and functionally
compromised [7]. The stratum corneum does not fully develop until late in the third trimester, leaving very
preterm neonates inadequately protected from fluid and heat loss and the entry of microbial pathogens. This
problem is compounded in LMICs by heavy loads of virulent pathogens in unsterile environments [8] as well
as maternal and newborn malnutrition [9]. KEMRI found that the majority (>95%) of newborn infants die of
preventable causes, with most originating from a lack of access to basic high-quality health services including
essential facility-based inpatient care [10]. Risk for mortality is particularly high – approximately 50% – among
VLBW infants in Kenya [10-13].
Several studies have reported that the frequent application of certain topical emollients (eg, sunflower seed oil)
to the skin of preterm infants may significantly improve growth and has the potential to reduce hospital-acquired infection and mortality [14]. However, such data are scarce from sub-Saharan Africa [15]. Through a
research and implementation collaboration developed at the intersection of industry, NGOs, academia, and government, our PPPH aimed to ensure an end-to-end approach to investigation and integration of evidence-based
emollient therapy in the routine care of preterm infants in LMICs in sub-Saharan Africa.
The present paper applied the Quantitative Decision Making (QDM) framework created by GSK to quantitatively assess the probability of success (PoS) for an intervention trial to answer a given research question [16].
This methodology was adopted to assess the probability that the Neonatal Emollient for faster Weight-gain,
Better Outcomes, Reduced mortality and Nosocomial infection (NEWBORN) Study will demonstrate a significant reduction in neonatal mortality and will represent a sound investment in public health impact.

METHODS
The QDM process
Introduction
The QDM framework was created by GSK to quantitatively assess the PoS of planned investments in research
trials on products under development. The QDM process consists of prior elicitation, modelling of prior distributions (the design prior or the uncertainty around the true unknown treatment effect), and simulations of
clinical trials to assess PoS via assurance calculations [17]. The use of assurance calculations to inform the design of studies, communicate PoS, and aid investment decision-making is now applied regularly to research
projects at GSK.
Elicitation of prior distributions: synthesising current knowledge
Incorporating a prior distribution into decision-making processes enables the utilisation of all available knowledge around the true treatment effect in PoS calculations. This is based on clinical experience and data from
previous similar studies. Prior distribution is informed by a formal prior elicitation process where a number of
key experts in the research field of interest are consulted to elicit the best available judgements from a clinical
and scientific perspective [18]. Conducting a prior elicitation is a formal process, ideally conducted face-toface if possible, whereby experts are asked a set of questions around their beliefs regarding one or more uncertain quantities (eg, treatment effect). Following a formal prior elicitation process, the statistician will derive
a probability distribution for the quantity of interest which needs to reflect the expert beliefs about the value
of the quantity as well as the uncertainty around that belief (the design prior) [19].
Simulation of assurance and estimation of probability of study success
The concept of assurance was first advanced by O’Hagan et al. [17] to incorporate all available knowledge
around the true treatment effect in order to quantify the PoS of a proposed study. This approach relies on
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A key consideration for a study sponsor when designing a trial is the power of the study, which is driven by
numerous factors including the sample size, the hypothesis to be tested and the significance level (α). The
sample size is chosen to ensure the study will provide sufficient power (the probability of achieving statistical
significance assuming a true effect is present) and is usually chosen to be 80 or 90%. A key limitation with
power calculations is the need to assume a fixed true value for the treatment effect. Power does not represent
the probability of a study having a successful outcome, since at the planning stage the true underlying treatment effect is unknown. Power is merely the conditional probability of a successful trial – it is conditional on
the unknown assumed treatment effect used in the power calculations at the planning stage.
Assurance, on the other hand, considers a collection of available evidence around the treatment effect when
designing a trial [20]. Unlike power, assurance represents the unconditional probability that a trial will result
in a specific outcome, taking into account the uncertainty around the true unknown treatment effect (known
as the prior) and is therefore of greater potential value in the planning of trials. In the approach taken by O’Hagan, the uncertainty from the sampling variability is part of the power function, which is predictive conditional
on a fixed value of the true treatment difference, Δ. The assurance is calculated as [17,21]:
∫ P (S1|∆ ) π D ( ∆ ) d∆ =

∫

x1

∫ p ( X|∆ ) π D ( ∆ ) d∆ dX =

Where
Δ represents the true treatment difference,
πD (Δ)represents the design prior for the true treatment difference,

∫

x1

p ( X ) dX.

X denotes the data which has the likelihood p ( X | Δ),
S1 represents the event of achieving a pre-defined success criterion.
Simulation techniques can then be utilised to calculate the assurance, in order to obtain an estimate of the PoS
by incorporating the sampling from the prior distribution. This process, known as Bayesian clinical trial simulation, involves three key steps. First, simulation is used to sample a value from the prior distribution. Then
simulation is used to sample the outcome of the trial based on the prior distribution and the characteristics
of the planned study design such as proposed sample size and size of the pre-defined clinically relevant difference. Finally, an assessment is made whether the simulated trial will produce positive or negative results.
These steps are repeated numerous times (eg, 1 000 000 simulated trials) and then the PoS is derived based on
the number of simulated trials which are positive divided by total number of simulated trials.

Proposed NEWBORN Study Design
The proposed NEWBORN study was designed to assess whether topical emollient therapy with high-linoleate
(>60% linoleic acid) sunflower seed oil in preterm infants would result in a significant reduction in neonatal
mortality compared to standard of care. A relative reduction of ≥15% was considered significant and could warrant policy change for adoption of emollient therapy for VLBW infants in Kenyan hospitals. The study planned
to recruit babies weighing ≤1500 g (or ≤2000 g) – with VLBW (<1500 g) as a proxy for being very preterm,
approximating a gestational age of <32-33 weeks) – and to randomise eligible babies to the emollient therapy
or control (standard of care) arms in a 1:1 ratio. The primary endpoint was all-cause mortality (absolute count
of deaths) based on a difference of morality rates of the two study groups assessed up to the time of discharge
from the hospital or death within 28 completed days (ie, the end of the neonatal period), whichever occurred
sooner. The study was due to be carried out in Kenya where the neonatal mortality rate in infants ≤1500 g is
estimated to be about 50% (and 30% for newborn infants ≤2000 g) [10-13,22]. While many interventions are
recommended by the WHO for use in VLBW in settings such as Kenya [23,24], quality of care and availability of many life-saving interventions is variable [25-27]. Emollient therapy is an inexpensive intervention that
can be readily applied and appears to be acceptable for use by frontline workers and families, and thus has
potential for widespread use [28,29].

Application of QDM to the NEWBORN study
Elicitation of prior distribution
In applying the QDM process to the NEWBORN study, we aimed to address two key questions as part of the
prior elicitation. First, what is the probability that any planned emollient intervention would have any benefit
above standard of care? Second, assuming the planned intervention does have some benefit (above a control
arm/standard of care), then what is the range of plausible effects?
www.jogh.org • doi: 10.7189/jogh.12.04045
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In order to address these requirements of the QDM process, a panel of experts was formed which consisted of
GSK personnel, external experts and key opinion leaders in maternal and newborn health; three panel members have particular expertise in newborn care in low-resource settings (Table S1 in the Online Supplementary Document). The second step was to prepare a package of available evidence within this field which was
comprised of data from previous study publications assessing emollient therapy and neonatal mortality (Table
S2 in the Online Supplementary Document). This package of information was shared with the panel and
the following two specific questions were posed for the panel’s consideration based on their expert knowledge
in this field and the available package of data: 1) “What do you feel is the probability that emollient therapy
will have any measurable benefit on neonatal mortality above standard of care?” and 2) “Assuming emollient
therapy has some measurable benefit on mortality, what do you believe are the plausible range of values (e.g.,
lower bound and upper bound) for relative reduction in neonatal mortality? The plausible range should represent the range of values that you are 99% certain the “true” relative reduction lies within – in other words,
you would be very surprised if the “true” reduction was outside of this range.” The panel was asked to consider these two questions based on their knowledge of newborn infants who are A)≤1500 g, and B)≤2000 g.
As it was not possible to hold a face-to-face prior elicitation, experts were asked to provide a written justification for their beliefs.
Estimation of prior distribution
A bi-modal distribution was adopted for the design prior in order to (i) account for the probability that emollient therapy has no measurable benefit in neonatal mortality above standard of care, and (ii) account for the
probability that emollient therapy has some measurable benefit above standard of care with some uncertainty around the true effect size. This was achieved by eliciting the experts’ opinions on the probability that the
treatment has a true positive/favourable effect (‘w’), and eliciting the minimum and maximum range of the relative reduction in neonatal mortality under the assumption that the treatment does have a favourable effect. A
bi-modal prior was then formed to represent the overall prior for the treatment effect by (i) utilising a uniform
distribution to model the absolute reduction in mortality (derived from the elicited minimum and maximum
effect range for the relative reduction), and weighting this distribution by ‘w’, and (ii) utilising a normal distribution to introduce a ‘spike’, with weight ‘1-w’, at zero to model the distribution of a treatment effect, in line
with standard of care, (ie, represents no effect of emollient therapy) [19].
Simulation of assurance and estimation of PoS
Statistical Analysis System was utilised to simulate the results of 1 000 000 trials, designed to detect a statistically significant relevant reduction of ≥15%, using the bi-model design prior. In order to weight the uniform
and normal distributions accordingly within the bi-model, data was initially simulated from a standard discrete
uniform distribution U (0,1). If the simulated value was≤’w’, then trial results were simulated from a uniform
distribution U (a, b) which represents a favourable effect accounting for the minimum absolute reduction (a)
and maximum absolute reduction (b) in mortality. If the simulated value was>’w’, then trial results were simulated from a normal distribution, N (μ,σ2) where μ is the mean reduction in mortality due to emollient therapy in line with standard of care (ie, represents no effect) and σ2 represents a small variance around the mean.
Similar simulations were run to assess the bi-modal design prior distribution for infants ≤2000 g.
Success, based on observing a statistically significant relative reduction of ≥15% in neonatal mortality, was then
derived for each of these simulated trials. The overall assurance was estimated based on the number of simulated trials with a statistically significant reduction of ≥15% in mortality over the total number of simulated
trials. This overall assurance is then a representation of the PoS for the planned trial.
Decision-making framework
Decision-making endpoints for this study were based on reductions in mortality. Key secondary endpoints
were weight gain, time to hospital discharge and infection rates. Other non-decision-making endpoints included clinical improvement of skin condition based on clinical assessment scores and reductions in rates of
transepidermal water loss (TEWL) as a measure of skin barrier integrity.
A positive outcome was defined as a statistically significant relative reduction in all-cause neonatal mortality
and on observing a ≥15% relative reduction following emollient therapy compared to standard of care. A negative outcome was defined as a <10% relative reduction in all-cause neonatal mortality following emollient
therapy compared to standard of care. We further defined a “consider zone” as a mortality reduction of 10 to
<15%, which would result in consideration of key secondary endpoints including weight gain, time to discharge, physician reported infection rates, skin condition and TEWL.
2022 • Vol. 12 • 04045
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Patient and Public Involvement
Patients/the public were not involved in this study.

Prior elicitation
The overall consensus from the QDM panel following
the prior elicitation process was that there was a 66%
probability that emollient intervention would have
some benefit on mortality (and 34% probability that
there would be no benefit), above standard of care in
infants ≤1500 g (Figure 1, Panel A). For infants born
weighing ≤2000 g, the panel placed 48% weight, on
average, on the probability of emollient therapy having some benefit and 52% probability of no benefit,
above standard of care (Figure 1, Panel B).
Assuming emollient therapy has some benefit on neonatal mortality, the panel elicited the effect of emollient therapy to be in the range of 1%-50% above standard of care for infants ≤1500 g (Figure 2, Panel A)
and for infants ≤2000 g (Figure 2, Panel B).

Simulations
Figure 1. Bi-modal design prior distribution based on reduction in neonatal
mortality in infants. Panel A. Infants ≤1500 g. Panel B. Infants ≤2000 g.

SAS simulation code for the bi-modal design prior distribution is shown in Table S3A in the Online Supplementary Document for infants ≤1500 g, and in Table
S4A in the Online Supplementary Document for infants ≤2000 g. Trial simulations and output from trial
simulations for infants ≤1500 g are shown in Tables
S3B and S3C in the Online Supplementary Document, respectively. Corresponding trial simulations
and output for infants ≤2000 g are shown in Tables
S4B and S4C in the Online Supplementary Document, respectively. According to the design prior and
the proposed trial design, there was a 47% chance
of a positive outcome (defined as a significant relative reduction in mortality of ≥15%), a 45% chance
of a negative outcome (defined as a relative reduction
in mortality <10%), and an 8% chance of ending in
the consider zone (ie, a mortality reduction of 10 to
<15%) for infants ≤1500 g (Table 1). For newborn
infants ≤2000 g, we found a 37% chance of a positive
outcome (defined as a significant relative reduction in
mortality <10%), a 54% chance of a negative outcome,
and a 9% chance of ending in the consider zone.
Table 1. Probability of study success in all-cause neonatal
mortality for low birthweight newborn infants in Kenya*

Figure 2. Expert panel member estimates of the plausible range of mortality reduction from emollient therapy in infants. Panel A. Very low birth
weight infants ≤1500 g* Panel B. Infants ≤2000 g* Expert panel members
were asked: “Assuming emollient therapy has some measurable benefit on
mortality, what do you believe are the plausible range of values (e.g., lower
bound and upper bound) for relative reduction in neonatal mortality?”

www.jogh.org • doi: 10.7189/jogh.12.04045
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Birthweight
Infants ≤1500 g
Infants ≤2000 g

Probabilities
Go (%)
47%
37%

Consider (%)
8%
9%

Stop (%)
45%
54%

*Success defined as observing a statistically significant relative reduction in mortality of at least 15% above standard of care.
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DISCUSSION
We applied the QDM framework to the NEWBORN study in order to calculate the probability that the study
will demonstrate a significant reduction in neonatal mortality rates and therefore represent a sound investment
from a financial and ethical standpoint. Elicitations of prior distribution, study simulations, and estimations of
PoS were used to determine that the NEWBORN study, if it were to be conducted, would have a high probability of clearly answering its research questions. Assurance calculations derived a low (8%-9%) probability of the
outcome ending in the consider zone, thus reinforcing the finding that the trial is likely to produce clear results.
Historically, before adopting prior elicitation and assurance simulations, GSK focused on power – a measure
of the likelihood of observing a statistically significant result conditional upon some assumed but unknown
value of the true treatment effect [17] – as the probability of statistical success in the context of major project
milestones. However, a perceived inconsistency between GSK’s phase III trials being nominally powered at
90%, yet with lower actual success rates observed across the industry [30], pointed to power as an insubstantial measure for informing investment decisions. This led to the realisation that power statements are often
misinterpreted as a substitute measure of PoS. Relying upon a power calculation as a proxy for PoS may thus
jeopardise transparency in terms of the extent to which a trial has potential to achieve success [17].
The concepts of assurance and prior elicitation are becoming increasingly established in the literature as a
broader and more relevant measure of PoS [17,31]. More widespread adaptation of prior elicitation and assurance is encouraged because their routine application provides several benefits. Compared to power, estimated
PoS is more meaningful as a basis, as it captures current knowledge and uncertainties about treatment effect,
thereby supporting discussions of trial design and objectives. Second, transparent insight is provided to the
assumptions that are driving PoS, further refining study design and enhancing team understanding [19]. Also,
the probability of observing clinically relevant effect sizes is explicitly characterised in advance. Moreover, the
relationship between PoS and sample size can be assessed such that an optimal sample size can be identified
in terms of incremental return on investment [17]. Finally, conventional statistical tests tend to dichotomise
results according to whether they are or are not significant and do not allow decision makers to take explicit
account of additional evidence – for example, of biological plausibility or of biases in the studies. In contrast,
data presented as a series of posterior probability distributions better guide policy decisions by reflecting the
reality that degrees of belief are often continuous, not dichotomous, and often vary from one person to another in the face of inconclusive evidence [32].
Thus, the use of assurance and prior elicitation has become routine within GSK as projects approach major
milestones such as committing to phase III development. A part of the QDM framework at GSK consists of (1)
determining a prior distribution for the effect(s) of interest used to support assurance calculations (eg, effect
for treatment, effect for control, or effect for the difference between them) derived through various processes
such as from individual expert opinions and/or a data-driven prior; and (2) an outline of the proposed study
design and a clear definition of success in clinical and statistical terms so that assurance is aligned with specific
target clinical profiles. Graphic visualisations of the relationship between assurance, study design and sample
size may also be informative. Various other pharmaceutical companies have also adopted assurance to inform
Go/No-Go decisions and aid trial design [31,33-36].
The use of assurance in tandem with prior elicitation can be integrated with other means of assessment
and prioritisation of global health interventions, such as the Child Health and Nutrition Research Initiative
(CHNRI) approach [21,37]. While CHNRI shares an element of prior distribution, QDM extends assessment of evidence to incorporate additional statistical calculations of study risk and its integration of various
forms of prior elicitation, for example, including Delphi, the Sheffield Elicitation Framework, and others
[38,39]. Given the limitations of bias that often appear in panel-based prior elicitation, it is important to
ensure that a balance of external and internal experts are utilised as part of the prior elicitation process to
counteract potential bias, guiding investors and those involved in study design to an accurate depiction of
study risk and success.
The application of QDM to the NEWBORN study is one application of many in which evaluating assurance
has played an important role in project decision-making or study design. Since 2017, project teams at GSK
have routinely assessed assurance for projects and studies seeking endorsement by GSK governance committees. As a result of this assessment, there was a suggestion that the NEWBORN study had a high probability
of producing clear results. Onset of the COVID-19 pandemic, however, delayed implementation of the study
beyond the end-date for the GSK/Save the Children partnership strategy under which the study would have
been implemented.
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This study sheds light on the value of PPPHs in synthesizing disparate yet complementary skills and perspectives present in the private and public sectors. Through partnerships like that of GSK, Save the Children, and
representatives from Stanford and Oxford Universities in collaboration with KEMRI, the reciprocal expertise
of industry, NGOs, academia and government may bring industry stakeholders and those involved in study
design closer to developing interventions of maximal benefit to beneficiaries. Benefits of approaching global health problems from a multisectoral perspective can come in the form of resources, intellectual input,
contextual refinement, investment methodologies, and value assessment frameworks like QDM. Moreover,
co-ownership of the process by NGO and governmental partners helps to ensure uptake of QDM findings
into research and ultimately policy and programme implementation. Tools from the private sector can also
be applied to global health independent of the pharmaceutical industry, and vice versa. For instance, a funder
may use QDM to assess the PoS of a study, a researcher to refine their study design, a grant writer to provide
a quantitative basis for their proposal, or an NGO, government or in-country partner to decide whether to
allocate resources to a program. If adopted on a global scale, such partnerships may thus accelerate the advancement of global health.

Limitations
Despite its strengths, the QDM framework possesses limitations. While QDM integrates uncertainty about the
treatment effect, if bias is present in the prior elicitation stage, the assurance calculation may be affected. This
shortcoming can be met by maintaining transparency when communicating assurance to decision makers by
including how experts arrived at a specific prior as well as a summary of the prior alongside presentation of assurance values and where applicable highlighting any potential conflict of interest among member of the prior
elicitation panel. As applied to the NEWBORN study in particular, for instance, a potential conflict of interest
in promoting the study might have existed for five out of nine of the panellists, who were involved in the NEWBORN study design, two of whom were GSK employees, as noted in Tables S1 in the Online Supplementary
Document. Four of nine of the panel members were GSK employees; however, the QDM analysis was performed
under an explicitly non-profit global health program, and there was no potential financial conflict of interest.
Finally, the involvement of a limited group of technical experts and stakeholders in a prior elicitation panel
may lead to bias. To mitigate potential bias, however, expert panel members must provide a written justification of their beliefs, referencing prior research. While the expert panel was small, we sought to ensure diverse
representation, which appears to be reflected in the members’ broad ranges of certainty in levels of reduction
in mortality (Figure 2). This level of uncertainty was used to construct the prior distribution which was then
used to model data for possible outcomes. Hence, the variability in the views of the panel members – many of
whom indicated the reduction in mortality could lie below or above the 15% clinical cut-off – was captured
in the simulations which derived a low probability of landing in the consider zone (8%-9%), which provides
reassurance that if the study was conducted, a clear answer to the research question likely would be obtained.

CONCLUSIONS
At the cutting edge in industry applied to global health, QDM is part of a rigorous assessment process of whether to make an investment in an intervention by quantifying the risks and PoS associated with a given study,
for the benefit of patients/subjects, investors and researchers. QDM is a promising method of calculating study
PoS that could be used alongside other research and investment prioritisation tools in global health. The NEWBORN study is a case study of a PPPH bringing together multiple partners representing NGO, academia, industry and governmental sector to inform the viability of a study as an investment and to create co-ownership for
research design. Investigating the PoS of a study using QDM maximises the efficiency and benefit of research
to diverse stakeholders in global health.
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