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What has happened to R&D productivity in Pharma? 
The R&D productivity challenge in pharma has been intensely researched and debated for about a 

decade now. In the two decades since the publication of our cornerstone article on pharmaceutical 

resource allocation decisions1, much has changed – and largely not in a way that favors R&D 

productivity.  

Figure 1 shows R&D productivity over the past decade as defined by the number of new molecular 

entities (NME) per billion dollars in R&D spend. This number has come down exponentially over that 

period and seems to have stabilized in the past few years. 

 

Figure 1. Global and US R&D productivity as defined by NMEs per billion in R&D spend.6 

 

What does the research to date tell us? 
Scannell et al.2 kicked off this topic in 2012, writing in Nature about viewing R&D productivity through 

the lens of Moore’s law, which says microprocessor productivity will double every 18 months. By 

contrast, Scannell posited a  decline in R&D productivity in pharma, as measured by the decline in the 

number of new drugs approved in the US per billion dollar R&D spend. In that context, the authors used 

the term Eroom—Moore in reverse—to characterize this decline and attributed it to the following 

factors: 

▪ The ever-improving standard-of-care (SoC) raised the hurdle for new drugs getting to market from 

the perspective of efficacy (“Better than the Beatles”) and at the same time decreased the risk 

tolerance of drug regulatory agencies (“Cautious Regulator”, a safety perspective). 

▪ The increased resources spent on R&D with the aim to increase output in fact led to higher spending 

without any immediate return. Additional spending on human and other resources did not move the 

needle (“Throw Money at It”) and neither did the investment of modern technology for basic 

research (“Basic Research Brute Force Bias”). 

In the years following, other well-documented perspectives were published by highly respected industry 

observers (BCG3, Deloitte4, ATK5) as well as from big pharma itself (AstraZeneca). BCG elevated the topic 

by recognizing that the R&D productivity definition used by Scannell was somewhat doubtful given that: 



▪ The number of newly approved drugs could be an imperfect proxy for the value of the drugs that 

were launched, and; 

▪ The productivity of the R&D investment in a given year should not be measured by looking at the 

number of launches in the same year, but by incorporating a delay allowing for the time it takes to 

bring a drug to the market. 

More recently—and with a focus on solutions—researchers at AstraZeneca introduced the concept of 

the 5R Framework in Nature9. The 5R Framework describes where the focus needs to be for high R&D 

productivity: the right target, the right tissue, the right safety, the right patient and the right commercial 

potential. Supporting their use of this framework, Morgan claims significant improvement in 

productivity at AstraZeneca.  

Table 1 summarizes the root causes of pharma R&D productivity from these recent publications and 

makes the distinction among increased R&D cost, decreased number of approvals, and smaller 

commercial opportunity as the three main drivers of reduced R&D productivity. 

Table 1. Summary of root causes of decline in R&D productivity in pharma from recent publications. 

Increased R&D Cost: 
▪ Higher power of studies → increased trial sizes2, 3 
▪ More FTEs added to the process without a return2 
▪ Increased complexity → basic research has become more expensive due to new (digital) technologies 

but did not generate better output 2,3 
▪ Outsourcing to CROs is not more efficient5 
▪ Suboptimal R&D portfolio decision making4,5  

Decreased number of approvals (# outcomes): 
▪ Higher efficacy hurdles2 
▪ Lower risk tolerance from regulators2 

Smaller Commercial Opportunity (value of outcomes) 
▪ Regulator less open to generalize to larger populations2 
▪ Stricter access & reimbursement2 
▪ Overcapacity3 
▪ Suboptimal R&D portfolio decision making5 

 

Add in reference to PowerNoodle 

It seems the R&D productivity challenge has been exhaustively researched. Why has the industry not 

improved productivity? Is there a root cause yet unidentified? In the next section, we explore this 

further and share our point of view. 

 

  



The biased R&D organization 
Decisions in pharmaceutical research and development are made under intrinsic clinical and commercial 

uncertainty. In general, pharma companies are challenged to making these big bet decisions in a 

unbiased way and as a result pharma companies leave value on the table.  

Root causes of low R&D productivity in a decision-making context 
Let us take a closer look at the root causes of the decline in R&D productivity from Table 1 through the 

lens of decision sciences. If we put these root causes in a decision-making context for a typical early 

stage development asset, we can see that all root causes drive uncertainty (downside) at the moment of 

making early stage decisions, as shown in Figure 4. 

 

 

Figure 4. Pharma R&D decision making under uncertainty.  

From this perspective, R&D productivity issues are either related to only bad outcomes (with high 

quality upstream decisions) or bad outcomes because of low-quality decision making in the face of 

uncertainty. We argue that the latter is the driving factor of low R&D productivity. We will use 

innovation theory and deduce which scenarios could have led to where the industry stands today and 

how biases can have played a role. 

  



Looking through the lens of innovation theory 
Firstly, we introduce the innovation screen in figure 2. The vertical axis is the probability of getting a 

drug to market, characterized by the Probability of Technical and Regulatory Success (PTRS). The 

horizontal axis characterizes the value given Technical and Regulatory Success, i.e. the value of the asset 

if it will be launched in the market place. The four quadrants of the innovation screen consist of 

(counterclockwise): 

1. Bread & Butter assets – low risk, low value assets 

2. White Elephants – high risk (due to the low PTRS), low value assets 

3. Oysters – high risk, high value assets 

4. Pearls – low risk, high value assets 

 

Figure 2. Innovation screen for a portfolio of drug development assets.  

Pharmaceutical development asset can be developed in many ways along the lines of patient population, 

target evidence, target geographies etc., in summary much along the lines of the 5R model from 

AstraZeneca. Although the number of different strategies can be extremely high for early stage assets, 

there is always a finite set of meaningful possible paths to launch. Each of these strategies can be plotted 

against the innovation screen and in general the different strategies for early stage assets appear in the 

diagonal from the upper left to the lower right of the innovation screen. High value portfolios of 

development assets are balanced towards Oyster strategies, as these provide the high value upside. 

If we look at the pharma industry holistically, we could imagine all pharmaceutical development assets 

as part of one large industry-wide portfolio. We believe there are four portfolio scenarios (Figure 3) that 

could have led to where the industry stands today: 

1. The unbiased Bread & Butter portfolio 

2. The biased portfolio: 

a. Launch biased 

b. Value biased 

c. Fully biased 



 

 

Figure 3. Scenarios that led to where the Pharma industry stands today. 

The biased Oyster portfolio 
If the portfolio was indeed properly balanced among Bread & Butter and Oysters, then the lack of R&D 

productivity could have come from two root causes or combinations thereof: 

• Value bias: The value of assets has been overestimated 

• Launch bias: The probability of getting to market has been overestimated 

In the value-biased portfolio, often the time-to-market assessment is overly optimistic, together with a 

false characterization of the commercial opportunity. Projects that have been characterized as risky but 

with an inflated value in the market are, in fact, nothing more than White Elephants. We point to over-

confidence as the key value destroying bias in this case. 

In fact, amplification effects can destroy even more value in a biased portfolio. If the time-to-market 

assessment is highly optimistic, so will be the market entry rank. Despite that the regulatory hurdle may 

be lower given that other assets with the same approach reached the market, the implied pricing and 

market access hurdle will be higher (the “Better than the Beatles” problem) because of the change in 

the standard of care from assets that entered the market earlier. 

In the launch-biased portfolio, we point to the Probability of Clinical Success and the Probability of 

Regulatory Approval as being overestimated. 

The unbiased Bread & Butter portfolio 
If we assume that this holistic industry portfolio is unbiased towards PTRS and value, then the only 

conclusion possible is that this portfolio is too heavy on Bread & Butter assets—it contains too many 

assets with a high probability of getting to market, but with relatively low economic value when they do 

get there. In other words: in this scenario pharma played it too safe. 



In the unbiased portfolio, the key value destroyer is loss aversion. Loss aversion in general leads to 

choosing the least-risky development alternative. With low risk usually comes low value. We will explore 

this scenario further in detail as we believe this is the key driver of R&D productivity issues in the 

industry. 

Risk attitude of decision makers is preventing the bigger bets from being taken  

The risk preference of individuals is correlated with their ability to survive the range of outcomes, i.e. 

not posing a career risk. In most organizations that reward staff only for outcomes, this means the 

individual decision maker considers risk to be proportional to his or her authority in making financial 

commitments.  

 

Figure 6a, shows the appetite for risk by decision-making level in a risk-averse setting, characterized by 

the Quantified Risk Appetite (QRA) as a function of a proxy for Market Cap. 7,10 

   

Figure 6a. Risk appetite by decision-making level  Figure 6b.  

 

In simplified terms, the QRA shows what level of resources (in terms of fraction of the market cap) 

decision makers at various levels in a firm would be willing to bet on an uncertain deal analog to a bet 

“Q” as shown in Figure 6b. The further the decision maker is from the top, the less risk he or she is 

willing to take.  

In the context of R&D productivity and R&D organizations this means that the project teams that are 

responsible for designing the different development strategies run the risk of not including the riskiest 

alternatives to begin with. Strategies are selected from those that are discussed with decision makers 

during milestone decision meetings. If these sets of alternatives are not including risky and potentially 

high value options, opportunities are lost. 

 

  



Pharma’s amplifiers of loss aversion  
There are three amplifiers of loss aversion that are specific to the Pharma industry and its ecosystem: 

1. Traditionally silo-ed and risk-averse development organization 

2. Risk-averse health authorities 

3. Many low probability and high value events 

4. Focus on cost, instead of on value 

 

Silo-ed development organizations 
Many Pharma companies are organizationally siloed and as a result there is an underrepresentation of 

commercial aspects in the decision-making process of early stage big bet decisions due to the focus on 

PTRS, as shown in Figure 5. This focus is being carried over from earlier (pre-clinical) stages of 

development and forms a bias in decision making in later stages. 

 

 

Figure 5. Traditional Pharma R&D Process / Value Chain8 

 

This bias can also be attributed to decision makers and project teams aiming to keep “their” asset in the 

pipeline and focus on preventing their projects from being terminated. As a result, possible outcomes at 

key milestones are articulated with a frame to survive the next milestone, instead of a frame of changing 

the standard of care. 

Risk averse health authorities  

When health authorities judge Investigational New Drug (IND) applications we often hear feedback from 

Pharma companies that the authorities pushed back. ….TBD 

 

 

 



Judgement of low probability events 
Individuals are inconsistent in judging uncertainty at the low end of a scale, which is relevant in the 

context of pharma R&D. If all milestone event-related probabilities are combined, then early stage 

projects in pharma have a probability of getting to market that is at the low end of the scale. A few 

percentage points difference is perceived as significant when it comes to losses but as insignificant when 

it comes to gains (Allais Paradox).11 

Framing Pharma’s R&D investment decisions  
Some of the loss aversion amplifiers come together in decision making which can be illustrated with 

what is called the Framing Effect.11 This effect describes the mechanism of how decisions are presented 

can, by itself, influence decision making significantly, as illustrated in Figure 7. 

 

 

Figure 7. Framing Effect for an early stage asset development decision. 

The left side of Figure 7 represents the decision as perceived in many pharma development 

organizations. Given this frame, most decision makers tend to choose Alternative A. The right side of 

Figure 7 represents the decision in a new, more neutral frame. Most decision makers faced with this 

frame would tend to choose Alternative B. 

 

How loss aversion destroys value 
The effect of loss aversion on value generation is illustrated by Figure 8, in which the value versus risks 

trade-offs are shown for a typical new drug investment opportunity at the Phase 2 investment decision 

point. Value and uncertainty progressively increase by how much of the unmet need can be addressed 

with the new drug. At the same time, the probability of getting a drug to market (PTRS) progressively 

deteriorates as the bar defining clinical success is raised. The loss-aversion bias results in development 

strategies that are optimized for PTRS—not for value. 

 



 

Figure 8. Probability of Clinical and Regulatory Success and uncertainty of value as a function of unmet 

need (illustrative, not to scale) at Phase 2 

 

In conclusion, the value-destroying aversion toward any loss in the pharma ecosystem leaves 

tremendous value on the table. Highly valuable but risky opportunities are not put forth for 

consideration by project teams nor discussed with decision makers. Opportunities are lost, and R&D 

productivity is suboptimal as a result. 

 

  



Toward Improving R&D Productivity: 5 steps to become the Unbiased Organization  
To improve R&D productivity, the large-development and commercial functions in pharma companies 

need to change from within and work toward becoming an “unbiased organization”, illustrated in figure 

9.  

 

 
Figure 9. The biased and unbiased organizations 

 

On the long term it will only be the unbiased organization that will be able to improve R&D productivity.  

The unbiased organization will be able to: 

▪ Prevent the omission of high-value alternative 

▪ Prevent value and launch biases 

▪ Increase the pace of decision making 

Pharma companies have to transform their organization, roles, culture and processes on five key 

dimensions: the R&D process, the Decision-making process, the Organizational Set-up, the Decision 

Science Capability and Dealing with Uncertainty. 

 

Step 1: Restructure the R&D Process 
For any meaningful transformational change in R&D productivity by preventing loss aversion, two areas 

have to be addressed: How decisions are framed and How risk preferences are aligned across the 

organization. Much of this can be achieved by organizing the decision process appropriately. The key 

pre-requisite for organizing this is to separate strategic thinking and decision making from the operation 

in a separate Concept Development Phase in the R&D process, as shown in Figure 10. 



 

Figure 10. Traditional R&D process versus the R&D process w/ Concept Development 

The concept development phase goes along with relabeling clinical trial phases. The clinical trials before 

concept development have the purpose of proving the concept and safety (in classical terms, all trials up 

to Phase 2). The clinical trials after the concept phase have the purpose of validating dose and/or 

efficacy in a larger patient population (in classical terms, Phase 2 and 3 trials).  

In the first step pharma companies need to: 

▪ Define a separate Concept Development Phase in the R&D process in which no execution takes 

place 

▪ Activities before the Concept Development Phase are focused on Basic Research and Proof of 

Concept 

▪ Activities after the Concept Development Phase are focused on validating the selected development 

concept in a large population and brining the asset to market 

 

Step 2: Improve the Decision Process 
Relative to other industries, the project planning cycle in pharmaceutical asset development is 

extremely long. A substantial part of one’s career can be spent bringing a single drug to market. Hardly 

anyone stays on the same team for the duration of the project. Incentives are almost never linked to the 

outcome of a development and commercialization project, which introduces short term incentives and 

motivational biases in decision making. 

Pharma companies are continually making many high-stakes, high-uncertainty decisions, leading 

decision processes to become highly operational—constraining the strategic insight needed to recognize 

the options value in drug development.  

One of the key elements of change is to cluster all decision making into a single milestone, where the 

end-in-mind is the commercialization after approval and launch. This type of framing will drive the 

organization to think about what could happen farther down the road and, if assessed correctly, bring 

the essential commercial uncertainty assessment (including opportunity) into the decision-making 

equation. 

In the second step pharma companies need to: 



▪ Include all major execution decisions in one Final Investment Decision point (FID) right after the 

Concept Development Phase 

▪ Include downstream what-if commercial and digital decisions related to downstream clinical 

outcomes up to launching the drug in the FID 

▪ Enable decision makers to commit resources for the full clinical, digital and commercial 

development plan 

 

Step 3: De-silo the traditional Development and Commercial functions 
The risk-alignment mechanism consists of two elements: a concept development phase in the R&D 

process (Step 1) and an independent concept development role.  

In the concept development phase, no execution takes place; this phase is purely to design, evaluate, 

and select a digital, commercial, and clinical strategy that creates the highest value. In this phase, the 

perspective would be the full life of the asset and the end-in-mind is how the standard of care will be 

changed. Although there will be downstream milestone decision points in which a course of action can 

be altered, in the concept development phase and the related key milestone (Final Investment Decision 

or FID), all downstream investments (assuming success) are approved, including the what-if strategies 

that result from downstream outcomes. 

The person responsible for concept development (let’s call this role the Concept Development Head) 

should be able to maneuver and act independently in the development or commercial organization and 

be complementary to portfolio analysis, prioritization and management functions. Ideally, in a pharma 

organization, this individual should report directly to the final decision maker or decision body. The 

Concept Development Head leads the strategy development process for a given asset and hands over to 

execution once the strategy is set and approval by the decision body. This role is key in identifying all 

possible strategies and aligning the team’s risk attitude with that of the top. 

In step three pharma companies need to: 

▪ Organize the team of Concept Developers as a stand-alone function that reports into the highest 

decision-making body directly and being independent from and bridging Development and 

Commercial functions 

▪ Organize concept development teams by temporary and on an ongoing basis rotating staff from the 

key digital, clinical and commercial functions to form the smallest concept development teams 

possible 

The Concept Development Phase should be a separate step in the R&D process and isolated from any 

execution activity or folks in roles that are active in execution. This isolation, paradoxically, will de-silo 

the classical development and commercial organizations and be essential in de-biasing big bet decision 

making in pharma because the process is fenced against operational decision making and objectives 

from earlier phases (such that loss aversion is prevented). 

The duration of this step is negligible compared with all the other phases in the process. In addition, 

folks in these teams are on these team with rotation, it will not be a full-time job. At a maximum, this 

step in the process should take three months.  

 



Step 4: Build Soft Decision Science Capability 
Most strategic  decision-making processes in Pharma are suboptimal. These processes do not lead to full 

clarity of thought and a shared un biased perspective on the strategic decision basis (what do we know, 

what do we want and what can we do) in the context of the larger portfolio.  

Portfolio Management functions, that are put in place on the back of the Real Options hype in the late 

nineties have the responsibility to sort the order of the investment opportunities starting with the 

highest value. This has not changed, but these functions falsely assume that the asset level strategies 

are of high quality. By becoming an incumbent function these departments have a focus on process, 

tools and data rather than strategy.  As a result of being exposed to budget scrutiny, the technical roles 

survived whereas the soft-skilled roles to reach clarity of thought vanished into project management – 

and project management did not carry the ball forward. 

By gravitating towards process, tools and data, the decision-focus in most portfolio management 

processes is lost and decision-making biases are introduced. Optimizing a portfolio based on a biased set 

of strategic alternatives at asset level will, by definition, never lead to an optimal portfolio nor an 

optimal prioritization thereof. 

In step four pharma companies need to: 

▪ Build Concept Development Capability with behavioral or quantitative decision scientist  

▪ Coach concept development teams to work with best practices in decision science to identify and 

characterize all meaningful development concepts across the full breadth of the value and risk 

spectrum 

▪ Coach decision makers what to demand from the concept development teams and at which point 

during the Concept Development Phase 

Step 5: Deal with Uncertainty 
Although we believe that loss aversion is the driving factor behind low R&D productivity still many 

pharma companies have challenges in assessing and dealing with uncertainty that will lead to value and 

launch biases. Most challenges seem to be around commercial and pricing factors, e.g., assessing patient 

share and access and pricing.  

 

In step five pharma companies need to: 

▪ Instill a culture of accepting the intrinsic uncertain nature of the business also outside development 

▪ Create a common language of characterizing uncertainty including commercial and pricing 

assessments  

▪ Include assessment of commercial and pricing uncertainty in the concept development phase  

Dealing with uncertainty more appropriately will be the easiest part of the necessary transformation to 

the unbiased organization. The unbiased organization will be moving the needle the most if its decision 

process is organized differently to prevent loss aversion to take its toll. 

 



R&D Productivity Outlook: Accelerated Decision Making 
The value out of this 5 step transformation may be counter intuitive: take more time to decide and win 

more time in the end – how can that work? Well, once the strategy is selected from a proper set of 

conceptual and unbiased alternatives, decision boards will experience less decision anxiety that usually 

lead to delays. It will also reduce the chance that the decision will be overturned, or the process being 

repeated during execution. In other words, decision makers and executors will be activated more 

efficiently.  

Summing up, transforming a biased pharma organization into an Unbiased one will contribute to a 

healthier and better-balanced R&D portfolio. Big bet investments will be placed earlier in the pipeline, 

optionality of high-value alternatives will be better leveraged and with less time lost for the decision-

making process itself, ultimately leading to higher levels of R&D productivity as illustrated in Figure 11. 

 

 

Figure 11. Take risk to generate value. 
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