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Abstract: Decision-making is a core function of any drug development firm. Developing drugs 

demands a firm to be highly innovative, while at the same time the activity is strictly regulated. 

Successful drug development offers the right to apply for a long-term patent that confers exclu-

sive marketing rights. This article addresses the issue of what constitutes an adequate portfolio 

of drugs for a drug development firm and how it might be managed successfully. The paper 

investigates decision-making in the industry and specifically in the development of oncology 

drugs from various perspectives: the need for decisions, their timing, decision-making at the 

project level, the optimal portfolio, tools for portfolio analysis, the evaluation of patents, and 

finally the importance of the drug portfolio. Drug development decisions as important orga-

nizational elements should get more emphasis, and decisions in drug portfolio using modern 

decision-making methods should be used more widely than what currently happens. Structured, 

informed decisions would help avoiding late terminations of drugs in Phase III development. 

An improved research and development pipeline and drug portfolio management are the major 

elements in the general strategy targeting success. 

Keywords: decision-making, drug development, clinical oncology, product management, 

pipeline, portfolio, portfolio analysis, company organization

Introduction
One of the core functions in all companies is to make valid decisions efficiently and in 

a timely manner. Drug development is particularly tightly connected with timing, as 

financial obligations follow closely from the different phases of drug development, each 

of which has a specific need for financing. Phase III clinical development is particularly 

expensive, and there have been apparently strong candidate drugs that have failed in 

Phase III and never made it to market. Of course, it would be in the interests of the 

developing company to be able to discontinue development of an agent that is destined 

to fail to be approved as early as possible, and thus minimize financial losses.

Decisions should be made in a coordinated sequence, taking into account of the 

financial aspects of the development plan for an individual drug. Decision-making 

should be viewed as a dynamic process that changes over time, rather than one that 

remains static, even within the same organization.1 Company size determines how 

much of the preparatory work for decision-making can be done in-house and how 

much needs to be outsourced. Decision-making itself is difficult to delegate outside 

the company, at least where it concerns important company-wide issues. In certain 
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situations, for instance, where the matter to be addressed 

relates more to a project than to the construction of a portfo-

lio, decision-making is simpler and may be outsourced when 

it addresses a restricted set of questions. However, despite 

the importance of making optimal decisions while managing 

drug pipelines, human judgment rather than any formal ana-

lytical method is used in pharmaceutical companies.2 In this 

study, the various aspects of commercial decision-making 

and specifically that concerning the development of drugs in 

oncology will be investigated; these aspects include: the need 

for decisions, their timing, decision-making at the project 

level, the optimal portfolio, tools for portfolio analysis, the 

evaluation of patents, and finally, the importance of the drug 

portfolio (Figure 1).

Pipeline and portfolio
A drug development company typically has many projects, 

and a leading drug molecule and several other molecules 

that form a pipeline. In a drug development pipeline, new 

products in different phases of development form repeat-

ing sequences of similar projects. Projects are separate and 

attuned to each individual drug, but the projects encompass 

very similar activities that have to be repeated. The pipeline 

produces a drug portfolio, which can include both approved 

drugs and candidate drugs. Therefore, the drug development 

portfolio might equate to the pipeline when all drugs are 

under development.

The need for decisions
Decision-making is a core function of any firm. Without 

making decisions, it is simply not possible to stay in business. 

Generally, product development can be organized into two 

categories: the decisions made within a single developmental 

project and those decisions a firm makes in establishing an 

organizational context and in planning its projects.3,4 While 

many people make decisions on single projects, there are only 

a few people within a firm able to make organizational deci-

sions spanning several projects (Figure 1). That small group 

must have access to sufficient information about the science, 

manufacturing issues, marketing, and financial aspects of the 

project to base its decisions upon. Specific success factors 

include the firm’s internal clinical capabilities, the ability to 

internalize critical external knowledge as well as the means 

by which the firm organizes developmental activities with 

key partners.5 Further success factors relating to research and 

development (R&D) have been cited, including: selecting 

prime targets for drug discovery, driving rapid experiments 

that provide decision-critical information, focusing limited 

Need for decisions

Timing for decisions

Decisions in projects

Decisions in portfolios

Intuition
experience

Tools for analysis:
Simulations
Algorithms
Discounted cash flow
Modeling assets
Present new value evaluation
Patent evaluation

Need for experts

Figure 1 Decision-making in drug development. 
Notes: There is a need for decisions that requires experts and preplanned decision time points. while each project will need decisions in a timely manner upon project 
progression, a portfolio needs constant decision-making at preplanned time points to ensure that the portfolio will match to the business plan of the company. 
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resources to enhance speed, breaking down barriers between 

research and manufacturing, and managing product life cycles 

effectively.6 If there is a need for international R&D, the extra 

costs must be balanced by synergy effects such as reduced 

time-to-market, improved effectiveness, and enhanced learn-

ing capabilities.5 Currently, consultants are used more and 

more, and in some cases, excessively. As a rule, a firm will 

consider using a consultant in an area that is important but that 

does not need continuous actions. A permanent member of 

staff should be considered, if work tasks are repeatedly needed. 

The firm’s characteristics and way of conducting development 

has implications for decision-making. Clearly, different orga-

nizations will make different choices and may use different 

methods, but each makes decisions on a collection of issues, 

such as product concept, architecture, configuration, procure-

ment, distribution arrangements, and project schedule.3

Ultimately, the board of directors is responsible for 

decisions that define a drug portfolio, but whether it has the 

appropriate expertise to apply rational thinking to develop-

ment issues depends on how it is constituted. In a small firm, 

the board of directors can substitute lack of expertise in opera-

tional site; thus, financial skills and knowledge about actual 

operational aspects are helpful. On the other hand, when the 

firm size increases together with the level of expertise, a need 

of focused specialists in the board of directors decreases, and 

other characteristics become more important, such as good 

social network, political connections, and visions about the 

future (Table 1). Of course, skills in firm self-regulation and 

media skills would be helpful as there is a tendency of get-

ting bad publicity when firm size has reached a certain level. 

Nowadays, pharmaceutical firms are increasingly relying 

on academic partnerships for their drug discovery research. 

This is a new model where firms are reducing their burden 

of investments in discovery research and collaborating more 

closely with academic institutions. By using collaboration 

contracts that prioritize the firm to get developed innovation 

first before competitors, it is possible to avoid expensive 

competitive auctions. In addition, a small biotechnology 

company can collaborate with a big pharmaceutical company 

and use more specialists than otherwise possible. This can be 

seen in collaborations between early development firms with 

a promising drug candidate, which is then sold conditionally 

to the bigger company for further development in later clini-

cal phases. Strategy needs to be developed and executed to 

create and maintain a lively drug development environment 

and a team capable of swift responses.7 In every case, issues 

and decision requests need to be prepared by operational 

people or consultants if knowledge is not inside the firm. 

Today, many large- and middle-size pharmaceutical firms 

have elaborated their drug development organizations after 

proof of concept stage toward cross-functionality by includ-

ing clinicians, pharmacologists, statisticians, and persons for 

regulatory and project management. The cross-functional 

nature of these teams enables the decision-making process to 

become comprehensive and circumspect. In general, these are 

aligned by disease area, with each disease area-responsible 

director empowered to make go/no-go decisions. Optimizing 

the structure and development pathway of biopharmaceuti-

cal drug portfolios includes making strategic decisions on 

the choice of drugs, the scheduling of critical activities, and 

the possible involvement of third parties in developmental 

activities and manufacturing at the various stages for each 

drug.8 The main brake on the process will be restricted cash 

flow that will reduce the likelihood of success. George and 

Farid suggest that naively applying strategies optimal for a 

particular size of portfolio to a portfolio of another size is 

inappropriate.8 In a pharmaceutical firm, there is an obligation 

to make decisions all the time in the course of drug develop-

ment, and principally, it is the quality of those decisions that 

will determine the fate of the organization. Good decisions 

will drive activity, but bad ones will reduce the effective-

ness of processes. Decisions should be in accordance with 

the business plan and in harmony with the firm’s mission. 

Today’s pharmaceutical firms form the nodes in large-scale 

scientific networks that include biotech companies and also 

universities.9 Consequently, decision-making has become 

more complex than in the past and now involves many 

companies and so demands intense cooperation.

Timing of decisions
In project management, it is necessary to obtain decisions at 

certain points along a development process.5 In small bio-

technology companies, regulatory and capital requirements, 

as well as investors’ expectations, are important functions 

throughout clinical phase trials.2 There are normally many 

Table 1 Optimal representation of main special areas in the 
board of directors

Characteristics Small firm Middle firm Big firm

Finance +++ +++ +++
Drug development ++ +++ +
Marketing + +++
Social aspects ++ +++
Future innovation + ++ +++

Note: +, ++, +++ grading refers to the importance of having a functional 
characteristic inside a board of directors.
Abbreviations: +, useful to have; ++, helping a lot; +++ critical.
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decisions to be made when the development processes get 

underway. Decision-making at the early discovery level 

would involve in-licensing activities depending on whether 

the molecule fits to the planned target drug profile. Critical 

decisions in early drug development such as candidate selec-

tion, early proof of concept/principle, dose ranging, develop-

ment risks, and patient stratification can substantially shorten 

clinical development time, while the selection and evaluation 

of biomarkers are based on the appropriate measurements of 

biomarkers that are biologically and/or clinically validated.10 

Before undertaking a development project, the organization 

should ensure that it has planned thoroughly and that it has 

adequate resources in place. All these issues are addressed in 

a proper drug development plan. Drug target and candidate 

selection are two of the key decision points within the drug 

discovery process, and all firms use certain selection criteria 

for decisions on which targets to accept into their discovery 

pipelines and which compounds will proceed to the develop-

ment stage.11 Preclinical data gathering must be completed 

before human trials. Animal studies covering toxicity and 

interactions are particularly important, because safety issues 

that can be tracked back to preclinical data are a common 

reason for terminating trials at a later stage. Initiation of a 

new drug development process is a big decision and data 

on a drug molecule has to be ready so that an evaluation 

on the likelihood of development can proceed. A decision 

will definitely be required when the intensity or timeline of 

a project changes. Such changes may be necessitated by the 

development itself facing problems, or because a competitor 

has got a rival drug to market, or by a shift in the financial 

climate. Some of these points can be defined beforehand, 

which makes development more dynamic and increases the 

level of control. Of course, new goals and more aggressive 

timelines need to be dealt with separately, and decisions 

must be based on adequate information in updated drug 

development plans.

The most important, and at the same time the most dif-

ficult, decision is dealing with project termination. This 

decision needs to be made early and rapidly. The rules 

governing it should be formulated even as the project is 

initiated. The best practice is to schedule evaluation points 

along the project timeline focusing on the positives and 

negatives of continuing. If development is terminated based 

only on a panic reaction to poor study results, that decision 

has been made far too late. By that point, too much time and 

money have been wasted, which calls into question not only 

the decision process but can even jeopardize the very exis-

tence of the company.12 In drug development, all decisions, 

including a termination decision, need to be planned. The 

timing of decisions should be predetermined based on the 

availability of new data and financial considerations. Spon-

taneous termination might well be unavoidable on occasion, 

but it is infinitely preferable if such a decision is triggered 

by predetermined events. Such events might include the 

discovery of unwelcome side effects, marginal efficacy, 

competition in-house, or competing candidates (Table 2).13 

It is very important that senior management decide to either 

continue a project or to immediately terminate it.14 That 

decision will often be justified by reference to economic 

and/or financial issues.15

Decision-making at the project level
Every research project can be evaluated separately using an 

analysis technique such as the goal contribution, the deci-

sion tree, utility usage, and risk analysis,16 or alternatively, 

simulations might be used. Projects are mainly structured 

around separate drug candidates and proceed from preclini-

cal through clinical stages. In oncology, the clinical phase 

includes Phase I–III trials, which may be preceded by a 

clinical proof of concept with micro-doses as Phase 0 (see 

Table 3).17 While determining the optimal point at which to 

cease Phase II trials is best achieved by evaluating the trade-

off between benefit and cost, and adopting new objectives 

for the decision-making process, which rarely happens in 

practice.18 Chen et al18 provide optimal design strategies 

for proof of concept trials that include optimal go/no-go 

decision criteria for the initiation of Phase III and optimal 

resource allocation strategies for conducting multiple trials 

Table 2 Timing of decision points

initiation of proof of concept
Preclinical
Phase 0
Phase i
Phase ii
Phase iii
Line-extension phase

Table 3 Reasons for termination

Disappointments in a product (unwanted side effects or marginal 
efficacy)
Change in product environment (internal and external competition)
Change in financing
Preplanned evaluations for terminations:

After Phase 0
After Phase i–ii
Before Phase iii
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on a  portfolio with constrained resources. Quality needs to 

be constantly built during the whole clinical development 

from early clinical studies through to the data catering Phase 

II stage in order to make prudent and prescient decisions 

at Phase III stage. Along the way, clinical studies of good 

design are heavily needed. Regulatory and capital require-

ments, and investors’ expectations, all shape a firm’s product 

development projects and are important factors in all trials at 

every phase.19 In the projects, prior experience and a similar 

background are important to the development, and having 

a unified platform available for several compounds would 

make development significantly easier. R&D has many 

repeating practical decision points relating to projects. These 

predefined points are essential requirements for projects 

in order that they move forward.20 In addition, there are 

decisions to be made on the licensing of new compounds and 

licensing-out existing compounds, and on whether to con-

tinue ongoing projects or terminate them. One important issue 

to cover is whether the candidate will fit to the target drug 

profile and finally to the target drug portfolio. Companies are 

continuously seeking ways to reduce uncertainties, shorten 

development lead times, and cut costs.21 The importance of 

having a senior management group capable of making these 

decisions is well-recognized. Product platforms are planned 

to repeat functions on related compounds to accrue benefits in 

efficacy and costs. They are component and subsystem assets 

shared across a product family that help a firm improve its 

leverage of investments in product design and development; 

however, that approach may involve a greater investment of 

time and money. Nevertheless, it may pay dividends later 

as the integration benefits from platforms increase and the 

overdesign costs of platforms decrease.22

The optimal portfolio
Good drug products may form a complete and realistic 

portfolio that is aligned with the developing firm’s business 

plan and its strategy.23 However, a development portfolio 

should have a schedule and timescale. The development 

of the agent that has the most potential to be successful 

should be prioritized, and should be followed by the agent 

with the next best potential for success, and so on. Filling 

the portfolio is actually a dynamic process that produces 

upfront movements by pushing drug candidates forward, 

and at certain time points, repeatedly evaluates the very 

basis of the process.15 In oncology, it is well-recognized that 

something like every fifth drug entering clinical development 

will actually eventually be approved. The statistic indicates 

that a drug development firm would be best served by having 

five drug candidates in the pipeline. The high attrition rate 

necessitates considering financial limitations early on and 

throughout the whole development period. The best case for 

the drug developer is to have numerous options at the early 

stages that are reduced by the strict selection of preclinical 

agents to ensure that only the most promising compounds 

reach the clinical phase.24 Having a schedule and order of 

agents is extremely important. There should be backup agents 

available in case it proves necessary to cease development of 

the lead compound. In all other cases, risk evaluation should 

start immediately, and only after thorough analysis should 

development decisions be made.

However, all development projects face some difficulties, 

which do not necessarily stop projects but can slow them 

down considerably. A suitable point to rest backup agents 

occurs when the clinical phase is about to start, at the end of 

Phase II (Table 3). At certain points, the whole development 

plan should be reviewed and only if all critical elements are 

positive and accord with the planned drug characteristics 

should development continue. It is generally accepted that 

the optimal portfolio does not contain too many agents, but 

is supported by realistic timelines, a clear prioritization of 

development activities, and adequate financial support.25 

A mathematical framework with a value-driven approach 

to optimizing pharmaceutical portfolios should be used to 

determine optimum sample sizes and trial schedules to maxi-

mize the value of a portfolio under budgetary constraints.26 

The same model can be used to answer a variety of “what if” 

questions that reflect situations that arise in practice. This is 

extremely important, not least because financial issues pose 

one of the biggest challenges to drug development.

Tools for portfolio analysis
There are several methods that can be used as evaluation 

tools in product pipeline assessment.27 At the pipeline level, 

it is important to prioritize available projects and fund the 

best (Figure 1). A large number of pharmaceutical compa-

nies organize their projects by using a similar set of criteria: 

typical examples include consideration of the commercial 

value of a potential drug; the risk of pursuing an alternative 

approach to identification; the competitive situation of the 

firm; and in some arenas, also the novelty of the drug or 

the therapy.28 The ideal structure of the product pipeline is 

driven by the cost of development of the drugs, the likeli-

hood of them surviving the approval process, and finally the 

expected profitability.16 One challenge is to choose the right 

number of approaches as well as individual compounds to 

be funded at each stage.
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At the point where products are approved, what was a 

pipeline becomes a product portfolio. Portfolios can be evalu-

ated based on optimizing an objective function under a given 

set of constraints.29 The most common method informing 

the decision on whether to begin either preclinical research 

or full-scale development is the use of human judgment and 

prior experience rather than any formal analytical method.3 

Intuition plays an important part in decision-making. 

However, more formal methods of analyzing drug pipeline 

portfolios are essential to make more informed decisions for 

balancing risks and maximizing returns. Decision analyses, 

simulations, and algorithms can all be used in the assessment 

of the risk and potential returns in R&D portfolios to support 

decision-making.15

A financial perspective is commonly applied to decision-

making on R&D projects.30 The high level of risk and 

uncertainty associated with such projects makes it difficult 

to conduct complete portfolio level determinations based 

on financial aspects alone. One widely used financial tool 

using capital budgeting is the discounted cash flow technique 

(DCF). It is based on assessing the opportunity cost of capital 

by estimating future cash flow. Several other methods are 

also used, such as decision analyses, simulations, and the 

construction of algorithms. Moreover, what has been termed 

pharmacoeconomics has increasingly been used to augment 

capital budget decisions in pharmaceutical R&D. It is evident 

that there is a great need to assess risk and returns relating to 

R&D portfolios to aid executive strategic decision-making. 

Portfolio management can be carried out with a computa-

tionally intensive approach, which is suited to managing the 

complexity brought by the candidates’ dependencies, pipeline 

resources, and economic and technical uncertainties; each of 

which must be managed before a sequence of new product 

development projects maximizing the expected economic 

returns at an acceptable level of risk for a given level of 

resources can be determined.15

While models of financial options rely on assets that have 

a known, tradable price, technology options have proved dif-

ficult to assign a specific dollar value to. Technology assets 

are less liquid and more difficult to identify than financial 

assets. In principle, technology is knowledge; developing 

new technology is acquiring new knowledge, and knowledge 

cannot be precisely quantified.31 The options approach to 

project valuation seeks to correct the deficiencies of tradi-

tional methods of valuation – net present value (NPV) and 

DCF – by promoting the recognition that active management 

and managerial flexibility can bring significant value to a 

project.31 Real option models are bringing the recognition 

of managerial flexibility to the forefront of NPV valuation 

models. Real options may belong to one of several categories: 

growth, expansion scale, timing, switch processes, contract 

scale, and abandonment.

Evaluation of patents
Patents are output measurements demonstrating technologi-

cal capabilities.32 R&D spending and patent counts are used 

in assessments, but both measurements are problematic. 

Several other more sophisticated methods are in use because 

of the inherent challenges involved in assessing the quality of 

patents. One such method is to explore how often others are 

referring to a certain patent. Other assessment tools include 

the evaluation of how revolutionary the product is, how it 

is visualized, its functionality, and its commercial potential. 

An accurate assessment requires the evaluation of current 

and future competition and knowledge of the options for 

substitution.

Development stage of the company
A primary objective for small firms (which are usually also 

young) is to raise the funds required for existing projects 

and for the R&D function to further expand projects in the 

pipeline.3 Naturally, small drug discovery firms are focused 

on their drug candidates in their still developing pipelines, 

as they initially lack marketable products. There are numer-

ous funding options, like venture capitalism, or forming a 

strategic alliance with a larger pharmaceutical corporation. 

Small firms generally only have one project or a platform 

upon which the growth of the firm is dependent, and in those 

cases, there is not yet a realistic R&D portfolio to manage. 

Instead, there is a need to manage very limited resources 

directed at the critical aspects on the development of a lead 

project of a platform technology.33 It appears that only large 

organizations have real portfolios with numerous projects at 

various stages of development.

The longer the company’s products have been on the 

market, the lower the annual capital investments made back 

into the company tend to be. After the first approval, the 

drug will usually be developed to expand the market impact. 

This is done by exploring new indications and developing a 

compound’s characteristics; for example, potential combina-

tion uses with other drugs. Furthermore, line extensions are 

useful for extending development beyond the point when 

patent protection expires. This reflects on capital investments, 

where older compounds may not receive much investment, 

but new compounds and innovations are heavily invested in. 

Therefore, the number of patents may describe the condition 
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of the pipeline for new compounds more accurately than it 

would the condition of pipelines for old compounds.

Normal pharmaceutical performance indicators, like 

sales, profits, and customer base are irrelevant to most small 

drug development companies with as yet no product on the 

market. However, the nature of an expected drug, ie, whether 

it is first in its class of mechanism of action and its prob-

able market size and evaluated marketing performance, are 

among the most important factors to convince investors to 

continue financing in investigational development projects. 

In older companies with products already on the market, 

R&D spending on the product pipelines could be expected 

to be reflected in higher sales.32 In addition, performance of 

drug portfolios in the marketplace can give strict limitations 

to development, and even when a firm is succeeding and 

profit is steadily increasing, decreased investing in product 

pipelines may jeopardize the future. Improved R&D pipeline 

management is one of the major elements in the general 

strategy targeting success.4

Conclusion
Corporate strategy determines the drug development pipe-

line with existing projects at different phases, and that then 

forms a firm’s current drug portfolio.34 It is a procedure 

that demands effective decision-making. Decisions must 

be orchestrated according to a scheduled project plan inte-

grated with the strategy of the company. Decision-making 

is an essential function of any company and determines 

long-term success. Recommendation is to form a portfolio 

plan, which consists from target drug profiles and how to 

get there in separate development plans for each agent. The 

entire development plan needs to be chalked out for Phase I 

to post-approval Phase IV studies, keeping in mind factors 

such as unmet medical need in the market, mechanism of 

action of the new agent, and activity in competitor space. 

Both the portfolio plan and each drug development plan need 

to be updated constantly, and decisions need to be made at 

preplanned decision points (Figure 2).

A pipeline matures into a drug portfolio requiring con-

stant development and management. That portfolio can only 

become successful when supported by the right decisions. 

Decision-making is one of an organization’s key functions 

and is at the core of determining how successful any single 

firm can be. Modern organizations often target collabora-

tion, which makes organizational networks complex, but it 

also makes it feasible to build optimally structured functions 

with minimal cost.
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