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Input parameters
Parameter Value(s)
Number of simulation runs 90,000
Time horizon 30 years (360 months)
Preclinical entries per month 0.5 - 10
Big Pharma Threshold (M$) 50 / 100 / 200 / 500
Big Pharma Discount Rate 8% - 13%
VC Threshold (M$) 0
VC Discount Rate 5% - 30%
VC investment stages targeted Preclinical, Phase 1, Phase 2, Phase 3
PEW Projects Included in initial state
Grants (% of costs) 0% - 100%
Grants stages targeted Preclinical, Phase 1, Phase 2, Phase 3
Preclinical Probability (%) 17.5 - 35.2 - 69
Preclinical Duration 52 - 66 – 72 months
Preclinical Cost (M$) 14.25 - 21.10 - 29
Phase 1 Success Probability (%) 25 - 33 - 83.7
Phase 1 Duration 9 - 10.5 - 21.6 months
Phase 1 Cost (M$) 13.1 - 24 - 37.96
Phase 2 Success Prob (%) 34 - 50 - 74
Phase 2 Duration 9 - 13.33 – 30 months
Phase 2 Cost (M$) 12.95 - 24.55 - 46.36
Phase 3 Success Prob (%) 31.4 - 67 - 78.6
Phase 3 Duration 10 - 21.8 – 47 months
Phase 3 Cost (M$) 27.99 - 62.6 - 168.4
Approval Probability (%) 83 - 85 - 99
Approval Duration 6 - 9 - 12.5 months
Approval Cost (M$) 55.5 - 88.35 - 127.91
Net revenues at Market Entry (M$) 0 - 22.4 - 67.2 yearly
Net revenues after Peak Sale Year (M$) 0 - 489.5 - 800 yearly
MER Size (M$) 0 - 3,000 (spread over 5 years)
MER Type Partial Delinkage/ Full Delinkage

Simulation Mechanism

Parameter Input values Range of likelihood of market approval

Probability of success 0.39 – 15 (%) ~ 8.9 percentage points (8.9% – 0%)

Global net revenues 0 – 4000 (M$) ~ 3.5 percentage points (3.5% – 0%)

VC discount rate 8 – 30 (%) ~ 1.1 percentage points (3.1% – 2%)

Big Pharma threshold 50/100/200/500 (M$) ~ 0.7 percentage points (3.1% – 2.4%)

R&D costs 190 – 340 (M$) ~ 0.6 percentage points (3.1% – 2.5%)
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Total Projected Net Revenues (mUSD) ( ± 250 )
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Sensitivity Analysis, key parameters explaining variance of market approval

Introduction: A large-scale simulation comprising 90,000 runs has been d esigned to explore the effects of three prototypical interventions aimed to stimulate the global
antibiotic R&D pipeline: Grants, Fully Delinked (FD) and Partially Delinked (PD) Market Entry Rewards investigated by DRIVE-AB. The simulation reflects key financial
decision making processes that guide early stage development in small “biotech” firms (SMEs), often supported by venture capi talists (VCs), and projects acquisition by larger
pharmaceutical companies (Big Pharma-BP) who bring the product to market. Th ese resu lts are in tend ed to support policy decision by exploring the effect of various
interventions on economically rational developers, aside from the details of actual implementation.

General conclusions:
When th e expected n et r evenues of an antibio tic are larger than 1.5B dollars, the marginal returns of increased MER sizes s tart to dimi nish. MERs should id eally be us ed to
incentivize antibiotics with a “broken” market to avoid spending public money on financially profitable antibiotics.
In general, the reliance of our simulator on eNPV formulas as the key decision rule is certainly a limitation, as it neglects other decision logics (e.g. strategic choices on
portfolio effects and non-financial logics entailed by corporate social responsibility). However our broad span of input parameters counterbalances th e partial lack of detailed
data and helps represent the heterogeneity of projects and developers in antibiotic R&D.

Our sensitivity analysis show the variance of the mean likelihood of market approvals (number of antibiotics that reached market divided by total number of antibiotics entering
preclinical) caused by antibiotic projected net revenues (A), R&D costs (B), technical probability of success (C), VC discount rates (D) and BP eNPV thresholds (E)
alongside the offsetting effects ofMERs of different sizes (from 0to 3000Mdollars, red to green).

BA C D
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Project states and transitions between states. Loops denote states where a project may remain for several steps.

FAILED / 
COMPLETED

FAILED / 
COMPLETED

DEVELOPING
infinite funds

DECIDING
infinite funds

FUNDRAISING

HIBERNATING

DECIDING
finite funds

DEVELOPING
finite funds

TERMINATED

Grant /

Investment

Did not
find funder

No-Go

Go

Failure /

Completion

Insufficient funds

Go

Exit /Partnership

TERMINATED

No-Go

Failure /Completion

The likelihood of an antibiotic reaching market approval is determined by the risk of technical failure and the financial decisions of 
developers (SMEs or BP), VCs, partners, and acquirers at the various R&D phases. The developer and financier’s “go/no-go” decision is 
based on an antibiotic’s Expected Net Present Value (eNPV) which is calculated as:

𝒆𝑵𝑷𝑽 𝒊,𝒏 = 𝑷(𝒏)+
𝑪(𝒕)
𝟏 +𝒊 𝒕

𝒏

𝒕0𝟎

where i is the discount rate of the evaluator, n is the final month of cashflow, P(n) the probability of 
reaching the final month, and C(t) the cashflowat time step (month) t.

Projects enterpreclinical in FUNDRAISINGthroughan SME developerandleave the simulation as eitherTERMINATED(eNPV is < than
the threshold of the actor(s) involved), FAILED (probabilistically), or as COMPLETED (by reaching market approval). Securing funds
(leading to DECIDING) can be achievedby either (1) grants; (2) VC investments (funding limitedto phase completion); (2) exiting to, or
(3) partnering withBP (funding until market approval). eNPV in FUNDRAISINGis calculatedfromthe perspective of the acquiring actor,
while in DECIDINGfromall involvedparties. The project remains in DEVELOPINGuntil it (1) exhausts all funds (-> FUNDRAISING), or
(2) reaches the next decision-point (-> DECIDING). Failure in FUNDRAISINGleads to HIBERNATING, where an exponentially increasing
time penalty is incurred.



Information regarding results
The results:
• are derived from a 90,000run simulation experiment with multiple projects per run.
• are derived from the context of a particular scenario of the antibiotic R&D landscape

based on a selection of previously described (see Part 1) parameters that are both
realistic and makes the effect of pull and push incentives meaningful and in which Big
Pharma (BP)’s eNPV thresholds are between 200M and 500M dollars; VC discount
rates are between 18% and 30%;and total expected net market revenues per antibiotic
equals≤ 1500M dollars globally.

• are expressed in terms of: (i) likelihood of market approval defined as thepercentage of
projects starting the preclinical stage which eventually areapproved for market sales;or
(ii) actual number ofantibiotics reaching the market in 30 years considering the three
hypothetical antibiotics types: Type A antibiotics enter preclinical at a rate of 0.5-3 per
month, Type B at a rate of 3-8 per month and Type Cat a rate of 8-10 per month.

• can reach a plateau level if almost all antibiotics surviving the attrition rates at the
various R&D stages turn profitable by a given size of intervention, implying that the
marginal return, in terms of added market approvals per additional investments,
becomes extremely low beyond this level.

DRIVE-AB (www.drive-ab.eu) is supported by the Innovative Medicines Initiative (IMI) Joint Undertaking 
(www.imi.europa.eu), resources for which are provided by a financial contribution from the European 
Union’s Seventh Framework Programme (FP7/2007-2013) and in kind contributions from member 
companies of EFPIA (European Federation of Pharmaceutical Industries and Associations). DRIVE-AB is 
part of the IMI’s New Drugs for Bad Bugs (ND4BB) programme.
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WP2: Antibiotic R&D pipeline simulation results. 
Effects of different intervention mechanisms (Part 2)
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Specific conclusions for incentives: In brief, our results show that:
• A fully delinked (FD) MER doubles the likelihood of market approval at 800M dollars. It starts having an effect at 600M and reaches a plateau at around 1500-1750M 

dollars (~300% increase).
• A partially delinked (PD) MER doubles the likelihood of market approval at 600M dollars. It starts having an effect already at 200M dollars and reaches a plateau at around 

1200M dollars (~300% increase).
• Grants alone (i.e., without MERs) increase the final likelihood of market approval by about 23.7% (0.2 percentage points). 
• Grants alone increase the likelihood of entry into the various R&D phases as follows: 7.6% (3.5 percentage points) increase of entries into Phase 1; 19.2% (2.5 percentage 

points) for Phase 2; and 16.7% (1 percentage point) for Phase 3.
• Grants added to MERs can, depending on the sizes, increase the likelihood of market approval up to 42%, for MERs ≤ 1500M dollars.
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Boxplot showing the total number of  dif ferent type of  antibiotics reaching market under different sizes of  fully delinked MER
(left) or partially delinked MER (right). Type C (pink) is not eligible for interventions.
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Effect of MERs on absolute number of approved antibiotics

Balancing push and pull based policy intervention
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Boxplot showing the changes in mean likelihood of market approval under different sizes of  fully delinked MERs (red 
boxes) and partially delinked, MERs (blue boxes).

Level plot linking likelihood of  market approval to combinations of  push and pull, and respective public investments.
Left axis: fraction of R&D costs covered by grants. Cell’s values: expected grant costs ( higher up)  and expected MER costs ( lower down)  per 

antibiotic entering preclinical 

A Fully Delinked MER clearly exhibits positive effects over the status quo (mean likelihood of market
approval = 0.8%), starting from roughly 21% increase with a MER size of 600M dollar up to a maximal
percentage increase of 317% with1750M dollars. Witha Partially DelinkedMER we observedalmost a 10%
increase in market approval withawardedsize of 200M upto 290% increase witha 1250MMER.

Since market approvals are not as sensitive to total R&Dcosts (see Part 1), the isolatedeffect of grants isnot
as strong as the MERs: grants above 40% of total cost coverages increase the mean likelihood of market
approvals only from 0.76% to 0.94% (23.7% increase). Grants influence the number of market approvals
indirectly by increasing the numberof antibiotics starting in Phase 1, Phase 2, andPhase 3by 7.6%, 19.2%,
and16.7% respectively. However, early discovery grants (not includedin the simulation) may also increase
the number of antibiotics starting inpreclinical.

The additive effects given by various push(grants) andpull (MERs) basedincentives on mean likelihoodof
market approvals (bold cell values) is shown below. Additionally an “optimal”level of public spending can
be derivedby balancing the size (million dollars) of pushinvestment (numberhigher up in every cell) and
pull investment (numberlowerdown in every cell) perantibiotic entering preclinical.

The effect of different sizes of FDo rPD MERs is also shown as the changes in absolute numberof market
approval for 3 hypothetical types of antibiotics (Type A, B and C) with different artificially derived entry
rates in preclinical. In this way we can indirectly report the difference between a “narrow”MER (exclusively
targeting Type A antibiotics) anda “broad”MER (targeting bothType A andType B).


