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ABStRACt
Biopharmaceutical research and development (R&D) productivity, 
typically measured in terms of new molecular entities entering the 
market, has been declining steadily and many of the contributing 
factors can be traced to inefficiencies in the R&D process. Coupled 
with the effects of the economic downturn, which has had 
considerable impact on the available funding for health services, 
healthcare consumers now increasingly demand and expect 
higher levels of innovation in pharmaceutical products; as a result, 
companies are increasingly being challenged to exploit more 
efficient ways of conducting drug development.

the completion of the Human genome Project in 2003 and 
the subsequent explosion of genomic tools and bioinformatics 
technologies have fuelled anticipation in the industry that 
personalized medicine –the model of utilizing genetic 
information to stratify patient subpopulations and/or predict 
efficacy and adverse effects – would lead to the development 
of products whose clinical, economic, and societal value is 
beyond doubt. this is buttressed by a recent industry roundtable 
which concluded that many of the forces that have traditionally 
provided a buffer for the industry are increasingly pointing 
companies towards the direction of personalized medicine. 

While debate still lingers on the opportunities and challenges posed 
by this paradigm, the high profile and well publicized launches 
of Pfizer’s Xalkori, Roche’s Zelboraf, and Vertex’s Kalydeco have 
generated a new buzz in the industry; companies are beginning 
to explore the potential of personalized medicine to improve drug 
R&D efforts, offer differential competitive advantage, and create 
better clinical outcomes for patients. Also critical to this is the 
development of diagnostic tests to identify appropriate patient 
populations and also predict the utility of targeted therapies. As 
this denotes increased collaboration between academia, drug 
(Rx) and diagnostic (Dx) companies, the inherent challenges in 
the commercial value proposition and business models across 
the Rx and Dx industries would need to be addressed for efficient 
simultaneous drug-diagnostic co-development.
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SECtION I
INtRODUCtION
Advances in the medical armamentarium against common 
and rare diseases have been widely supported by innovations 
in pharmaceutical and biological therapies. According to US 
FDA statistics, between 1950 and 2010 a total of 1,269 drugs 
developed by the biopharmaceutical industry were approved 
for public use, with over 333 approved in the last decade alone. 
Fundamental to all economic and societal value created by 
biopharmaceutical innovation is the R&D process. Historically, 
drug R&D has been shaped by a rational symptoms-based 
approach that targets large populations with chronic unmet 
medical needs. Usually termed the “one-size-fits-all” or 
“blockbuster” model, this approach has produced a string of 
drugs with annual sales over $1.0 billion, and helps subsidize 
other drug development programs in company pipelines. 
However, commercial successes of these products have also 
masked a litany of issues, including spiralling R&D costs, longer 
development timelines and narrow product portfolios only 
focused on proven targets for ‘profitable’ diseases. Additionally, 
the decline in the number of new drugs coming to market, 
despite record amounts of R&D investment, have led to 
suggestions that the current R&D model is probably no more 
efficient than it was in earlier decades (see FIgURE 1).

Figure 1: gLOBAL r&D eXPeNDiTure, DeVeLOPMeNT TiMe, gLOBAL 
PHArMACeuTiCAL SALeS AND OuTPuT - 2001 TO 2011  
(DATA Are DeriVeD FrOM THe 2012 PHArMACeuTiCAL r&D FACTBOOK 
FrOM CMr iNTerNATiONAL, A THOMSON reuTerS BuSiNeSS)
* the development time data point for 2011 includes data from 2010 and 2011 only.

More recently, a convergence of scientific and market factors has 
resulted in the questioning of the continued sustainability of the 
blockbuster R&D model. this is compounded by well publicized 
post-marketing withdrawals of popular drugs that have 
negatively impacted public opinion of the industry’s integrity, 
and have resulted in ever increasing and more vocal patient 
and regulatory requirements for safer and more effective drugs. 
Furthermore, the unending debate about drug costs, especially 
for medicines that only offer ‘small’ incremental improvements 

0
25
50
75

100
125
150
175

200
225
250
275

YEAR

IN
D

EX
ED

 T
O

 2
0

0
1

2011*
2010

2009
2008

2007
2006

2005
2004

2003
2002

2001

R&D expenditure Development times NME output Sales



PHARMA MAttERS | SPOtLIgHt ON... PERSONALIZED MEDICINE

on existing therapies, has seen payers and governments take 
a more aggressive stance to drug pricing and reimbursement. 
From a commercial perspective, patent expiration of blockbuster 
drugs (see FIgURE 2), such as the loss of Pfizer’s Lipitor and 
Bristol-Myers Squibb/Sanofi’s Plavix, has been estimated 
to put between $90 billion and $209 billion in annual drug 
sales at risk; this is resulting in unprecedented revenue and 
pricing pressures for innovator companies as cheaper generic 
substitutes enter the market. to arrest the impact of these issues, 
a plethora of initiatives have been proposed and attempted, 
ranging from mergers and acquisitions, restructuring programs, 
standalone R&D centers, and R&D alliances, to a very ‘radical’ 
suggestion that companies should exit internal R&D altogether. 
Despite some mixed results, the outputs in terms of financial 
performance and development of new medicines suggest that 
overall improvements in productivity are still lagging.

Figure 2: NuMBer OF PrODuCTS PreDiCTeD TO LOSe eXCLuSiViTy 
iN uSA BeTweeN 2012-2018 (DATA Are DeriVeD FrOM THe 2012 
PHArMACeuTiCAL r&D FACTBOOK FrOM CMr iNTerNATiONAL, A 
THOMSON reuTerS BuSiNeSS)

PERSONALIZED MEDICINE tO tHE RESCUE?
Extraordinary breakthroughs in biomedical research, particularly 
the sequencing of the human genome and advances in 
computational biology and genotyping technologies, have 
fundamentally revolutionized scientific understanding of the 
genetic roots of diseases and underlying molecular mechanisms 
of disease progression and treatment response. Conceptually, 
much of the potential impact of these technological 
advancements is the feasibility of ‘tailored’, ‘stratified’, or more 
commonly ‘personalized medicine’, defined as “the tailoring of 
medical treatments to the individual molecular characteristics 
of patients, and the ability to classify individuals into sub-
populations based on their susceptibility to a particular disease 
or their responses to a specific treatment”. Although this is 
by no means a new concept, since patients have always been 
segmented based on phenotypic manifestations of disease, the 
ability to better assess at the genetic level the biological factors 
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that affect disease predisposition and therapy responses offers 
multiple opportunities across the medical landscape; not least, 
the potential to develop safer and more effective treatments for 
specific patient subgroups.

Within the context of drug R&D, the potential of personalized 
medicine is paradigm changing and has stimulated robust 
industry discussions for more than a decade. However, 
numerous studies have highlighted the slow pace at which 
biopharmaceutical companies are reinvigorating their R&D 
models with personalized therapies in mind. More recently, 
personalized medicine seems to be the new industry buzzword, 
as commercial successes particularly in the field of oncology 
have begun to demonstrate the viability of this model. As this is 
expected to continue gaining traction, understanding the impact 
of this paradigm shift on the efficiency of biopharmaceutical R&D 
and pipeline productivity is vital.

tHE CONCEPt OF PERSONALIZED MEDICINE
Many drugs developed via the phenotype-based approach 
are associated with different therapeutic effects in subsets of 
patients, with significant proportions more susceptible to serious 
adverse effects, not responding to treatment, or responding 
partially. For example, in the CAtIE schizophrenia study, which 
compared the effectiveness and outcomes of conventional 
versus atypical antipsychotic medications, 74 percent of 
patients discontinued treatment within 18 months of study 
start; 32 percent due to lack of efficacy and 20 percent due to 
intolerability to the administered medications. Similar variability 
to medications is also observed in common therapy areas, as 
illustrated in FIgURE 3. Environmental variables, such as gender, 
weight, and demographics, are known to play significant roles 
in determining individual variations to therapeutics; however, 
the scientific consensus suggests that much of the inter-
individual variability is influenced at the genetic level. this innate 
variability in genetic and molecular characteristics between 
and within populations, which allows classification of patients 
into subpopulations that differ in predisposition to diseases 
and/or responses to particular treatments, forms the basis of 
personalized medicine.

“Personalized medicine will change 
health care almost across the board … but 
nowhere, are the cross-currents of change 
more powerful – or the stakes higher – 
than in the development, manufacture, 
and sale of prescription medicines”,
John Lechleiter, PhD. Chairman and CEO, Eli Lilly & Co
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Figure 3: LiMiTATiONS OF STANDArD-OF-CAre Drug THerAPieS 
SOurCe: ADAPTeD FrOM SPeAr eT AL (2001). TreNDS iN MOLeCuLAr 
MeDiCiNe, 7(5):201-204

the origins of personalized medicine can be traced back to Sir 
Archibald garrod (1857-1936), who, in 1898, coined the term 
“chemical individuality” to describe inherited predispositions to 
metabolizing sulphonal drugs. In 1959, the german geneticist 
Friedrich Vogel introduced the term “pharmacogenetics”, 
describing the science that dealt with hereditary differences 
in drug responses. this was followed by the elucidation of risk 
factors from the ongoing Framingham Heart Study, which began 
in 1948, and was the first population-based project to define 
strata within patient populations and customized behavioral 
approaches to disease management. In 1977, the discovery 
of cytochrome P450 metabolic enzymes and their role in 
chemically altering elimination of drugs from the body, led to the 
realization that variation in these enzymes can have a significant 
influence on the effective dose of a drug. More recently, the term 
“pharmacogenomics” (Pgx) has been introduced to recognize 
the role of the whole genome in pharmacology and drug design, 
and the applications of genomic technologies to help understand 
the effects of relevant genes on the behaviour of particular drugs, 
as well as the effects of drugs on gene expression. 

As the defining catalyst that exponentially paved the way 
for personalized medicine, information from the published 
genome sequence revealed that much of the genetic variations 
in humans are concentrated in about 0.1 percent of the over 3 
billion base pairs in the haploid DNA. Most of these variations 
involve substitution of a single nucleotide for another at a given 
location in the genetic sequence, known as single nucleotide 
polymorphism (SNP). Combinations of linked SNPs aggregate 
together to form haplotypes and together these serve as markers 
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“Variability is the law of life, and as no 
two faces are the same, no two bodies are 
alike, and no two individuals react alike, 
and behave alike under the abnormal 
conditions we know as disease”
Sir William Osler (1849-1919)
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for locating genetic variations in DNA sequences. SNPs located 
within the protein-coding region of a gene or within the control 
regions of DNA that regulate a gene’s activity could have a 
substantial effect on the encoded protein and thus influence 
phenotypic outcomes. Analyzing SNPs between patient 
population cohorts could highlight specific genotypic variations 
which can be correlated with specific phenotypic variations in 
disease predisposition and drug responses. Currently, there are 
more than 10 million DNA sequence variants catalogued in the 
Entrez SNP database (dbSNP), the public-domain archive for 
simple genetic polymorphisms, of which more than 4.1 million 
are human SNPs. Haplotypes additionally take advantage of 
how SNPs are organized in chromosomes and may provide more 
useful biological markers of response by accounting for genomic 
variations in the multiple genes associated with drug response.

Another major driving force for personalized medicine in R&D 
is the dwindling costs of genomic sequencing and analytical 
platform technologies, such as high-throughput robotic 
sequencing, microarrays transcription profiling, and epigenetic 
DNA methylation. these have greatly increased the ability to 
detect, analyze, and correlate genetic polymorphisms with 
diseases and their effect in modulating pharmacological and 
toxicological drug responses. Coupled with developments in 
bioinformatics and computational technologies, large amounts 
of genomic data and clinical information can now be rapidly 
analyzed and integrated into R&D programs, helping to inform 
decision making across various stages of drug discovery and 
development. For drug developers, this creates the possibility of 
more focused and efficient R&D beyond the current symptoms-
based model, moving towards a more targeted model based on 
patient genetics. By identifying genetic variations in patients with 
specific diseases and biological markers, which are indicative of 
treatment response, drugs could then be developed that benefit 
patients who share these biological characteristics, sparing costs 
and adverse effects for those that may not. Complementary to 
this is the development and application of appropriate molecular 
diagnostics that will play a vital role in identification of such 
biomarkers and selection of patients. While these scientific 
advances continue to provide a wealth of knowledge that should 
help improve the R&D process, the reality of transitioning from 
phenotypic to molecular-based R&D and the impact on drug 
pipelines will ultimately depend on how biopharmaceutical 
companies perceive the trade-offs between economic/non-
economic incentives and the scientific and regulatory challenges.
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tHE CASE FOR PERSONALIZED MEDICINE IN DRUg R&D
the potential applications of the scientific and technological 
underpinnings of personalized medicine continue to 
fuel optimism for drug innovation. However, as with new 
technology paradigms, successful implementation in the 
R&D process depends on the ability to demonstrate value to 
biopharmaceutical stakeholders, particularly in terms of decision 
making, cost reductions, and judicious allocation of resources. 
Some of the beneficial applications of personalized medicine in 
R&D include:

ELuCiDating DiSEaSE COmPLExity

the majority of diseases are complex and multi-factorial, 
involving multiple genes interacting with environmental factors. 
At the genetic level, information from genome-wide association 
studies that elucidate common patterns of genetic variation 
across various human populations, in addition to profiling 
technologies can be utilized in discovery research to provide 
snapshots of genes and expression profiles that are controlled 
by the same regulatory mechanism and are altered between 
healthy and diseased states. the characterization of genes that 
are abnormally expressed in disease tissues could further be 
employed as diagnostic markers, prognostic indicators of efficacy 
and/or toxicity, or as targets for therapeutic intervention. For 
example, approximately 25 to 30 percent of breast cancers have 
an amplification of the HER2/neu (Human Epidermal growth 
factor Receptor 2) gene, which has been associated with more 
aggressive cancers and poorer responses to hormonal and 
chemotherapy treatment. Expression of this gene is also used as 
a prognostic marker to correlate responses for Roche’s Herceptin, 
the action of which has been shown to be preferentially exerted 
on HER2 over-expressing cancer cells compared with cancer 
cells that do not over-express HER2.

Another important aspect is the effect of gene expression 
changes on the make-up of encoded proteins that are involved 
in drug and disease pathways. Virtually all human biological 
processes occur by intracellular signaling resulting from complex 
protein-protein interactions, post-translational modifications, 
translocations, and cleavage events. Consequently, advances 
in genomic and proteomic technologies can allow better 
understanding and characterization of the expression changes 
in proteins that drive metabolism or alter cellular signalling in 
disease states. A high-profile success is Roche/Daiichi Sankyo’s 
Zelboraf, which was approved in August 2011 for melanoma 
skin cancer. Although most melanomas proliferate through 
polygenic mechanisms, it was discovered that between 40 to 
80 percent of melanoma patients have mutations in genes that 
encode for the BRAF protein. BRAF plays a role regulating the 
Ras/Raf/MAPK signaling pathway that mediates normal cell 
growth, proliferation and resistance to apoptosis, and mutations 
in BRAF genes that encode for the signalingproteins could 
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denote patterns of uncontrolled cellular growth. Currently, 
there are more than 30 identified BRAF gene mutations; 
however, Zelboraf’s anticancer effect is particularly potent 
against melanoma cancers with BRAF-V600E mutations. 
Overall, the knowledge and resulting technologies developed 
from pharmacogenomics and other ‘omics’, can impact R&D 
by improving the systematic characterization of disease 
mechanisms and pathway cascades which are vital to directing 
the discovery and development of compounds.

iDEntifying nOvEL targEtS

Prior to the genomic revolution, many of the established 
therapies were directed against less than 500 drug targets, with 
many of the top selling drugs acting on well defined protein 
pathways. However, the sequencing of the human genome 
has massively expanded the pool of molecular targets that 
could be exploited in unmet medical needs and currently, of 
the approximately 22,300 protein-coding genes in the human 
code, it has been estimated that up to 3000 are druggable. 
Furthermore, genomic technologies such as high-throughput 
sequencing and transcription profiling, can be used to identify 
and validate biologically relevant target molecules, or can be 
applied to cell-based and mice disease models or directly to 
in vivo human tissues, helping to correlate gene targets with 
phenotypic traits of complex diseases. this is particularly 
important, as insufficient validation of target gene/proteins in 
complex diseases may be a contributing factor in the decline in 
R&D productivity.

mODErating r&D COStS anD timELinES

In addition to increasing the number of ‘economically’ viable 
targets for drug development, much of the promise of 
personalized medicine is in the potential to reduce the average 
costs and duration of drug R&D. During the early R&D stages, 
a personalized medicine strategy could help select targets with 
manageable variations, helping to accelerate optimization of lead 
compounds. Expression-based assays which can be used to test 
preclinical candidates for their propensity to induce adverse effects 
or assess the specificity of the drug candidate against its intended 
target could help facilitate go/no-go assessments and potentially 
reduce associated financial consequences of later-stage attrition. 
A report from the Boston Consulting group estimated that on 
average, pharmaceutical companies could realize savings of nearly 
$300 million by incorporating personalized medicine-associated 
technologies into their R&D process. More recently, it was reported 
that a major pharmaceutical firm redesigned a $10 million clinical 
trial to incorporate predictive genomic markers, resulting in 
savings of $9.5 million.

As noted previously, total NME development time is relatively 
high and this negatively impacts the number of years a 
successfully developed product can generate an attractive 
return on investment (ROI). In an environment of increasingly 

“The Zelboraf approval… is an excellent 
example of the highly personalized 
approach to cancer treatment that can 
come through exploring multiple molecular 
pathways, unique discovery technology and 
advanced genetic insights”
glenn gormley, mD, PhD, President,  
Daiichi Sankyo Pharma Development
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aggressive generic competition, streamlining the drug 
development period and, consequently, time to market is 
imperative for commercial success. Key to this is the duration 
and cost of undertaking extensive clinical evaluations in large 
heterogeneous populations. Although difficulties in patient 
enrollment continue to persist, the increasing requirements 
for demonstration of safety and efficacy over extended time 
periods and the complexity of clinical trial designs also add to 
the length of time it may take for a drug to reach the market. 
Using predictive genomic technologies or biomarkers to 
pre-select potential responder patients or sub-populations 
at risk of significant toxicities should help reduce screening 
and enrollment times, as fewer patient populations and 
consequently, smaller trials will be required to demonstrate 
statistically significant differences between the intervention and 
control groups. Expert analysis from Cortellis for Competitive 
Intelligence estimate that on average, the reduction in the 
number of patients required for enrollment in phase II and III 
studies are 50 percent and 10 percent, respectively, with a 20 
percent reduction in the length of phase III trials. Additionally, 
knowledge gained from earlier R&D stages could be fed into 
the design of parallel studies based around dose modifications 
for less variable populations, or help identify problems that 
may result in the product being terminated at later stages. 
As illustrated in FIgURE 4, while most of the progress in 
personalized medicine has been in the area of oncology, the 
development paradigms for recently approved drugs such as 
Zelboraf and, in particular, Pfizer’s Xalkori (crizotinib) exemplify 
the positive impact that genomics can have on historical drug 
development timelines.

Figure 4: TArgeTeD r&D STrATegy ACCeLerATeS Drug 
DeVeLOPMeNT AND APPrOVAL (SOurCe: CHiN eT AL (2011). NATure 
MeDiCiNe; 17(3):297-303)
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IMPROVINg tRIAL DESIgN
the design of clinical trials is important to allow statistical 
interpretation of the data and extrapolation to the wider 
population. the choice of trial design is often determined by 
a variety of factors including the trial objectives, therapeutic 
area, treatment comparison, and phase of clinical testing; the 
current ‘gold standard’ in drug R&D usually involves double-
blind, randomized controlled studies (RCt) which aim to 
improve bias and variability. However, most trial designs have 
disadvantages, which result in difficulty generating statistically 
significant estimates of the average treatment effect in a 
broad homogenous patient population. Another major issue 
is that the majority of clinical trials use fixed designs that 
remain virtually inflexible, thus limiting the use of continuously 
emerging knowledge that is generated as clinical development 
progresses. Enriched or targeted designs, where patients are 
stratified based on genomic information and the biological 
marker status forms the critical eligibility criteria, can allow the 
design of more economical clinical studies with smaller patient 
numbers and greater statistical power through identification of 
‘potential’ responder subgroups. Ultimately, the requirement 
for fewer enrolled patients due to incorporation of marker-
driven outcome predictors should translate into cost and time 
savings for R&D efforts. For example, it was reported that the 
inclusion of the HER2+neu biomarker in the pivotal registration 
trial for Herceptin, allowed investigators to reduce the number 
of breast cancer patients required by almost 80 percent, reduce 
the number of years of follow-up required, as well as save $35 
million in clinical trial costs. 

However, it is vital to note that while enrichment offers the 
advantage of reducing the size, cost and duration of clinical 
trials, in reality, earlier clinical studies are likely to require 
larger patient populations in order to provide adequate data 
to correlate genomic signatures with safety and therapeutic 
responses. More recently, the increasing use of novel adaptive 
trial designs that incorporate genomic markers into prospective 
studies also provides opportunities to integrate information 
from earlier and ongoing R&D phases for modification of study 
designs and hypotheses.

PROJECt PRIORItIZAtION
the declining number of products advancing in development 
suggests that most of the methods utilized in pipeline portfolio 
assessments are struggling to accommodate changes in the 
biopharmaceutical R&D process. Although resource and project 
prioritization involves consideration of a variety of technical, 
regulatory, and commercial assessments, much of the issues 
that arise in R&D decision making often result from lack of 
extensive knowledge of a particular drug target or disease area, 
which tends to affect other aspects of the drug development 
value chain. As the economics of R&D hinge on success rates, 
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integrating personalized R&D approaches offer opportunities for 
more improved pipeline analysis which could help increase R&D 
effectiveness and maximise ROI by focusing resources into rapid 
development of candidates with the best potential for success. 
Discriminatory genetic and biomarker evaluations of function, 
toxicity and patient sub-populations during the early phases of 
R&D can help enhance target-product profiles and commercial 
feasibility of product candidates. Additionally, genomic and other 
‘omic’ biomarkers can be utilized to screen drug candidates at 
the preclinical stage for variable responses against common 
disease variants and toxicity risk, helping to eliminate or reduce 
uncertainties in benefit/risk paradigms. Ultimately, the integration 
of molecular-based data, together with robust bioinformatics 
data mining capabilities, can help facilitate the pipeline decision-
making process by providing increased information about the 
pharmacological, proof-of-concept, and toxicity profile of a 
potential therapeutic agent, allowing resources to be directed to 
compounds with higher probability of success.

thomson Reuters can help researchers significantly in this 
decision making process by allowing this wealth of ‘omics’ 
knowledge to be combined with, for example, proprietary data 
to facilitate in the generation of hypotheses to drive research 
in an organization. this approach can save many hours of 
effort compared to conventional methods or in some cases can 
identify significant pieces of information for further analysis. With 
knowledge solutions also being available to today’s researcher, 
scientists are able to very quickly find out everything that is 
known about a particular drug, from key pharmacological 
and chemical data to biological information associated with 
particular drug development activities. Resources like these are 
helping to prioritize resources and efforts in early stage drug 
discovery and development saying significant time searching for 
the critical pieces of information that otherwise may be missed.

BUttRESSINg REgULAtORy SUBMISSIONS
Information derived from genomic clinical studies, thanks to 
their statistical power and predetermined endpoints, offer 
the potential to allow better regulatory assessment of drug 
candidates, which could, in turn, increase the odds of regulatory 
approval and better product differentiation. For example, the 
personalized therapy Xalkori, developed for the 3 to 5 percent 
of patients with advanced non-small-cell lung cancers (NSCLC) 
which express the abnormal anaplastic lymphoma kinase (ALK) 
gene, was approved based on surrogate endpoints (in this 
case, tumor shrinkage) rather than the normal demonstration 
of improvements in survival. In clinical studies, Xalkori 
demonstrated 50 to 60 percent improvements in response 
rates in NSCLC patients who had previously failed to respond 
to standard treatment. More recently, a drug for cystic fibrosis, 
(CF) Vertex Pharmaceutical’s Kalydeco (ivacaftor), was approved 
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in the US after robust efficacy data showed significant and 
sustained improvements in lung function in a particular subset 
of patients that express a genetic mutation. the drug, which was 
approved in January 2012, is the first therapy which addresses 
the underlying cause, rather than the symptoms, of CF; a rare 
genetic life-threatening disease caused by defective or missing 
cystic fibrosis transmembrane conductance regulator (CFtR) 
proteins resulting from mutations in the CFtR gene. Kalydeco 
was approved 3 months ahead of its original review date and is 
specifically indicated for CF patients aged 6 years and older who 
express at least one copy of the g551D mutation in the CFtR 
gene. While the majority of individuals with CF have a different 
mutation called Delta F508, patients with the g551D mutation 
account for about 4 percent of CF patients.

COMMERCIAL VIABILIty OF PERSONALIZED tHERAPIES
In an industry where expected financial returns drive R&D 
spending and thus the rate of innovation, the increasing 
demand for high value therapeutics and the need to balance the 
requirements for the initial and potentially risky investments in 
genomic applications, versus the front-end presumed benefits in 
drug development and ROI, still remains a major challenge for 
biopharmaceutical companies. From an economic perspective, 
the ‘poor’ alignment of incentives among key stakeholders, and 
the increasingly contradictory and convoluted evidence of the 
benefits of personalized medicine applications, is limiting its large 
scale adoption. Within the context of drug R&D, development 
and validation of genomic biomarkers and associated tests 
are likely to introduce additional upfront costs and complexity; 
this was highlighted in the US President’s Council of Advisors 
on Science and technology (PCASt) 2008 report, which noted 
that “validation of genomic correlations with disease is a new, 
expensive, and high risk R&D area, and industry may not be willing 
to make a substantial investment until a clearer path to validation 
is developed through the use of public funds”.

Additionally, with higher exclusion rates expected for clinical 
trials (since many potential subjects are unlikely to express the 
biomarker variations of interest), the potential need for more 
investigator sites to compensate may drive up enrollment 
times and clinical trial costs. Another concern is that to avoid 
‘false-negative/positive’ diagnosis and reduce the risk of drugs 
being used off-label or under-labeled (whereby wider patient 
populations could benefit), regulatory authorities are likely to 
require that ‘biomarker-negative’ patients be included in late-
stage trials, which would likely eliminate any potential cost/
time upside from reduced clinical trial size. Furthermore, as 
personalized medicine approaches would likely segment patient 
populations and fragment pharmaceutical market demand, 
there is a major disincentive to developing therapies for smaller 
target populations, especially as average financial returns on 

“The application of genomics to the field 
of clinical pharmacology…… puts more 
science and certainty into the regulatory 
process of reviewing and approving new 
drugs and biologics”.
Dr margaret a. Hamburg, fDa Commissioner

If there are no more “blockbuster drugs, 
the question goes, then where will the 
resources come from to pay for next-
generation R&D?”
John Lechleiter, PhD. Chairman and CEO, Eli Lilly & Co
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R&D have fallen to critical levels, where the industry is barely 
recouping the cost of capital. While frameworks developed for 
orphan drugs (R&D tax subsidies, government funding and 
marketing exclusivity) have been proposed as possible incentives, 
arguably the major concern from an industry perspective is 
that the market (and potential revenue) for targeted drugs 
may be too small to justify the costs that would be incurred in 
R&D and regulatory approval. However, the concern over the 
reduced number of eligible patients may be overplayed. While 
drugs like Novartis’s gleevec, Herceptin, and Zelboraf were 
initially approved for patient sub-populations selected based 
on the presence or absence of specific gene or biomarkers, 
the elucidation of disease mechanisms can allow extended 
development for further indications controlled by the same 
molecular mechanism, expanding the eligibility of patients 
that could benefit from treatment. Furthermore, as payers and 
governments are under pressure due to constrained funding 
capacity, demonstrating the economic benefit-cost value of 
personalized therapies and their budget impact relative to 
standard-of-care therapies would also be vital for market 
access and reimbursement. However, the limited prevalence 
of genotype-phenotype data, difficulties in demonstrating the 
clinical and economic value of molecular diagnostic tests and 
the limitations of current payer economic models pose a major 
challenge to value assessment of such therapies. Despite the 
concerns regarding reduction in potential revenues from market 
stratification, actual and projected sales data from Cortellis for 
Competitive Intelligence suggest that innovative drugs with high 
and durable efficacy, which are targeted to the right population, 
are likely to drive repeat prescribing and patient compliance, 
favoring premium pricing and faster adoption; this, in turn, 
further supports the economic case for personalized medicines.

Figure 5A: TArgeTeD KiNASe iNHiBiTOrS (DATA Are DeriVeD FrOM 
CoRTellIs foR ComPeTITIVe InTellIgenCe)
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DRUg  
NAME COMPANy

gENOMIC 
MARKER

APPROVED  
INDICAtION

gleevec 
(imatinib)

Novartis Ag “1. Philadelphia 
Chromosome (Ph)

2. Platelet-
derived growth 
factor receptors 
(PDgF-R)

3. c-Kit (Mast/stem 
cell growth factor 
receptor Kit)”

“1. Newly-diagnosed Ph+ 
chronic myeloid leukemia 
(CML); Ph+ CML in blast 
crisis, accelerated phase 
or chronic phase after 
interferon therapy; adult 
patients with relapsed 
or refractory Ph+ acute 
lymphoblastic leukemia 
(ALL)

2. Adult myelodysplastic/ 
myeloproliferative diseases 
associated with PDgF-R 
gene re-arrangements; 
adult patients with 
hypereosinophilic 
syndrome (HES) and/
or chronic eosinophilic 
leukemia (CEL) who have 
the FIP1L1-PDgF-R-alpha 
fusion kinase and for those 
who are FIP1L1-PDgF-
R-alpha fusion kinase 
negative or unknown

3. c-Kit positive unresectable 
and/or metastatic 
malignant gastrointestinal 
stromal tumors

4. Adult aggressive 
systemic mastocytosis 
without the D816V 
c-Kit mutation or with 
c-Kit mutational status 
unknown”

Sprycel 
(dasatinib)

Bristol-Myers 
Squibb

“Philadelphia 
Chromosome”

Newly-diagnosed adults 
with  Ph+ CML in chronic 
phase; adults with chronic, 
accelerated, myeloid, or 
lymphoid blast phase Ph+ 
CML with resistance or 
intolerance to prior therapy 
including gleevec; and 
adults with Ph+ ALL with 
resistance or intolerance to 
prior therapy

tasigna 
(nilotinib)

Novartis Ag “Philadelphia 
Chromosome”

Newly-diagnosed adults 
with Ph+ CML in chronic 
phase; and treatment of 
chronic and accelerated 
phase Ph+ CML in adult 
patients resistant to or 
intolerant to prior therapy 
that included gleevec

Iressa 
(gefitinib)

AstraZeneca Epidermal growth 
factor receptor 
tyrosine kinase 
(EgFR-tK)

Available outside the US 
for treatment of locally 
advanced or metastatic 
non-small-cell lung cancer  
(NSCLC) with activating 
mutations of EgFR-tK
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DRUg  
NAME COMPANy

gENOMIC 
MARKER

APPROVED  
INDICAtION

tykerb 
(lapatinib)

glaxoSmithKline HER2 (Human 
Epidermal growth 
factor Receptor 2)

“1. In combination with 
Xeloda (capecitabine) 
for treatment of HER2 
overexpressing advanced 
or metastatic breast cancer 
(mBC) after prior therapy 
with an anthracycline, a 
taxane, or Herceptin

2. In combination with 
Femara (letrozole) 
for treatment of post-
menopausal women with 
hormone receptor positive 
mBC that overexpress 
the HER2 receptor for 
whom hormonal therapy is 
indicated”

Zelboraf 
(vemurafenib)

Roche Ag/
Daiichi Sankyo

BRAF V600E 
mutation

For the treatment of 
unresectable or metastatic 
melanoma with BRAF-
V600E mutations

Xalkori 
(crizotinib)

Pfizer Anaplastic 
lymphoma kinase 
(ALK) gene

For the treatment of ALK-
positive locally advanced 
or metastatic NSCLC

TABLe 1: CurreNTLy MArKeTeD PgX KiNASe iNHiBiTOrS

Figure 5B: MONOCLONAL ANTiBODieS (DATA Are DeriVeD FrOM 
CoRTellIs foR ComPeTITIVe InTellIgenCe)
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DRUg  
NAME COMPANy

gENOMIC 
MARKER

APPROVED  
INDICAtION

Herceptin 
(trastuzumab)

Roche Ag HER-2/neu 
receptor

treatment of HER2 
overexpressing 
breast cancer, and 
HER2 overexpressing 
metastatic gastric or 
gastroesophageal 
junction 
adenocarcinoma

Erbitux 
(cetuximab)

Eli Lilly & Co; 
Bristol-Myers 
Squibb

“Epidermal growth 
factor receptor 
(EgFR)

*KRAS”

“treatment of EgFR-
expressing metastatic 
colorectal cancer 
(mCRC)

*Patients whose tumors 
express codon 12 or 13 
KRAS mutations are 
unlikely to benefit from 
Erbitux”

Vectibix 
(panitumumab)

Amgen “1. EgFR 
expression

2. KRAS”

“1. treatment of patients 
with mCRC tumors 
expressing EgFR 
with non-mutated 
KRAS  after failure 
of fluoropyrimidine-, 
oxaliplatin-, and 
irinotecan-containing 
chemotherapy regimens

2. In combination with 
FOLFOX and FOLFIRI 
for the first- and 
second-line treatment, 
respectively, of wild-type 
KRAS mCRC”

TABLe 2: CurreNTLy MArKeTeD PgX MONOCLONAL ANTiBODieS

Figure 5C: rAre DiSOrDerS (DATA Are DeriVeD FrOM CoRTellIs 
foR ComPeTITIVe InTellIgenCe)
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DRUg  
NAME COMPANy

gENOMIC 
MARKER

APPROVED  
INDICAtION

Revlimid 
(lenalidomide)

Celgene Corp Chromosome 5q 
deletion

treatment of patients 
with transfusion-
dependent anemia due 
to low- or intermediate-
1-risk myelodysplastic 
syndromes associated 
with a deletion 
5q abnormality 
with or without 
additional cytogenetic 
abnormalities

Kalydeco 
(ivacaftor)

Vertex 
Pharmaceutical

g551D-CFtR treatment of cystic 
fibrosis in patients 
>/= 6 years of age 
who have a g551D 
mutation in the Cystic 
fibrosis transmembrane 
conductance regulator 
(CFtR) gene

TABLe 3: SeLeCTeD PerSONALiZeD THerAPieS FOr OrPHAN DiSeASeS

DIFFERENtIAtED INNOVAtION: PERSONALIZED 
MEDICINE IN tHE PIPELINE
Personalized medicine no doubt is already having a tremendous 
impact on drug development pipelines. According to a 
study conducted by the tufts Center for the Study of Drug 
Development, more than 90 percent of biopharmaceutical 
companies now utilize at least some genomics-derived targets in 
their drug discovery programs. However, pipeline analysis from 
Cortellis for Competitive Intelligence suggests that there is still 
a scientific gap that has resulted in difficulty optimizing these 
novel genomic targets into the clinical R&D portfolios of major 
pharmaceutical companies, particularly outside the oncology 
field. Selected examples of personalized medicine product 
candidates in clinical development include (see tABLE 4).

Biopharmaceutical companies are 
“strongly committed to advancing 
personalized medicine”.
John Castellani, President of the Pharmaceutical 
research and manufacturers of america (Phrma) 
advocacy group.
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ONCOLOgy

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

Pertuzumab Roche HER2/3 
expression

HER2+ metastatic breast cancer Approved (US); filed for 
approval (EU, Japan)

Everolimus Novartis Ag HER2 ER+/HER2- breast cancer Approved in US and EU in July 
2012

Bosutinib Pfizer Philadelphia 
chromosome

Ph+ chronic myeloid leukemia (CML) Filed for approval in US and 
EU

Ponatinib ARIAD 
Pharmaceutical

t315I mutation of 
BCR-ABL

CML and Ph+ acute lymphoblastic leukemia Filed for US approval

trametinib glaxoSmithKline BRAF mutation BRAF-V600E/K mutant metastatic melanoma Filed for approval in August 
2012

Dabrafenib glaxoSmithKline BRAF mutation BRAF+ melanoma Filed for approval in US and 
EU in August 2012

trastuzumab 
emtansine

Roche HER2 HER2+ metastatic breast cancer Phase III

Onartuzumab Roche c-MEt (hepatocyte 
growth factor 
receptor)

c-MEt-over-expressing NSCLC Phase III

Dacomitinib Pfizer EgFR “EgFR mutant NSCLC

*Dacomitinib has demonstrated inhibitory effects in 
both wild-type and mutant EgFR, including forms 
of NSCLC that are resistant to currently marketed 
EgFR inhibitors, such as tarceva (erlotinib) and Iressa 
(gefitinib)”

Phase III

Midostaurin Novartis Ag FLt3 (fms-related 
tyrosine kinase 3) 

FLt3-mutated acute myeloid leukemia Phase III

Nilotinib Novartis Ag c-KIt mutations c-KIt metastatic melanoma Phase III

Everolimus Novartis Ag HER2 HER2+ breast cancer Phase III

Lapatinib glaxoSmithKline HER2 HER2-amplified advanced gastric cancer Phase III

Astuprotimut-r glaxoSmithKline MAgE-A3 
(Melanoma-
associated antigen 
3) expression

MAgE-A3-positive NSCLC and melanoma Phase III

Iniparib Sanofi BRCA mutation NSCLC Phase III

Cilengitide Merck Serono Methylated O6-
methylguanine-
DNA-
methyltransferase 
(MgMt)

glioblastoma Phase III

Afatinib Boehringer 
Ingelheim

EgFR mutations NSCLC and Breast cancer Phase III

Vintafolide Merck & Co Folate receptor 
(FOLR)

FOLR+ ovarian cancer Phase III

Rindopepimut Celldex 
therapeutics

EgFR vIII (a splice 
variant of EgFR)

glioblastoma Phase III

Retaspimycin Infinity 
Pharmaceuticals

KRAS NSCLC with KRAS mutation Phase III

Inotuzumab 
ozogamicin

Pfizer CD22+ antigen CD22+ Hematological malignancies Phase III

Pomalidomide Celgene JAK2V617F  
mutation

“Myelofibrosis

*Pomalidomide is only effective in JAK2V617F-
positive patients, with minimal/non-anemia 
responses in JAK2 wild-type MF”

Phase III

Pertuzumab Roche HER2/3 
expression

HER2+ gastric cancer Phase II
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ONCOLOgy

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

vemurafenib Roche BRAF-V600E 
muation

BRAF+ papillary thyroid cancer Phase II

pictrelisib Roche phosphatidyl 
inositol 3-kinase 
catalytic subunit 
(PI3KCA)

Solid tumors Phase II

Rg-7597 Roche HER3/mutant 
EgFR

Metastatic epithelial tumors Phase II

trametinib glaxoSmithKline KRAS KRAS mutant NSCLC/pancreatic cancer Phase II

Dabrafenib glaxoSmithKline BRAF mutation BRAF+ NSCLC  Phase II

foretinib glaxoSmithKline germline c-MEt 
mutation

papillary renal cell carcinoma and other solid tumors Phase II

gSK-
2302024A

glaxoSmithKline Wt1 (Wilms tumor 
protein)

Wt1-positive primary invasive breast cancer Phase II

gSK-2130579A glaxoSmithKline Wt1 Wt1-positive acute myeloid leukemia Phase II

MEK-162 Novartis Ag BRAF-V600E 
or NRAS 
(Neuroblastoma 
RAS viral 
oncogene 
homolog) 
mutations

Melanoma Phase II

AZD-4547 AstraZeneca Fibroblast growth 
factor receptor 
(FgFR) tyrosine 
kinase

Breast and gastric tumors with FgFR polysomy or 
gene amplification

Phase II

rilotumumab Amgen c-MEt gastric cancer Phase II

Entinostat Syndax 
Pharmaceuticals

E-cadherin “NSCLC

*Patients with tumors expressing high levels of the 
protein E-cadherin experienced a more favorable 
overall survival”

Phase II

Zoptarelin 
doxorubicin

AEterna Zentaris luteinizing 
hormone-
releasing hormone 
(LHRH) receptor 
expression

LHRH-receptor positive endometrial and ovarian 
cancer

Phase II

PD-332991 Pfizer ER+/HER2-, 
with wild-type 
retinoblastoma 
protein; amplified 
cyclin D1/CCND1 
or CDKN2A/
p16INK4a (cyclin-
dependent kinase 
2a)

Luminal-B Breast Cancer Phase II

Navitoclax Abbott Bcl-XL, MCL1 Lymphoma, NSCLC Phase II

Ly-2784544 Eli Lilly JAK 2 (V617F) 
mutation

Myeloproliferative disorders Phase II

vocimagene 
amiretrorepvec

tocagen cytosine 
deaminase (CD) 
gene

glioma Phase II

Rg-7167 Roche KRAS Solid tumors Phase I

Rg-7112 Roche p53, MDM2 (p53 
E3 ubiquitin 
protein ligase 
homolog [mouse]) 
mutations

Solid tumors Phase I
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ONCOLOgy

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

LDK-378 Novartis Ag Anaplastic 
lymphoma kinase 
(ALK) gene

ALK-positive solid tumors Phase I

LgX-818 Novartis Ag BRAF-V600E 
mutations

Metastatic BRAF Mutant Melanoma Phase I

Crizotinib Pfizer ROS1 
rearrangements

“ROS1-positive NSCLC

*ROS1 rearrangements leads to expression of 
oncogenic ROS1 fusion kinases and sensitivity to 
ROS kinase inhibition. Xalkori has demonstrated 
marked antitumor activity in patients with advanced 
NSCLC harboring ROS1 rearrangements, with overall 
response rate of 57.1% in a phase I trial”

Phase I

BAy-949343 Bayer 
HealthCare

Mesothelin Antibogy-drug conjugate targeting mesothelin-
positive tumors

Phase I

ASP-3026 Astellas ALK tyrosine 
kinase

Cancer Phase I

ASg-22ME Agensys/
Astellas

nectin-4 Nectin 4 overexpressing tumors Phase I

NEUROLOgy

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

Solanezumab Eli Lilly & Co beta amyloid 
(Abeta) 

Alzheimer’s disease Phase III

Pomaglumetad 
methionil

Eli Lilly & Co serotonin 2A 
receptor (HtR2A) 
SNP rs7330461 
genotype

“Schizophrenia

*Patients with t-allele of rs7330461 show greater 
acute clinical response to pomaglumetad methionil”

Phase III

Aavagacestat Bristol-Myers 
Squibb

Abeta Alzheimer’s disease Phase II

Crenezumab AC Immune/
genentech

Abeta; presenilin-1 Alzheimer’s disease Phase II

RESPIRAtORy DISEASE

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

Lebrikizumab Roche Periostin “Asthma

*High pre-treatment periostin levels have been 
associated with greater improvement in lung function 
with lebrikizumab compared to patients with low 
periostin levels”

Phase III

Rg-7449 Roche M1 prime segment 
of membrane IgE

Allergic rhinitis and allergen-induced asthma Phase II

INFECtIOUS DISEASE

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

Mericitabine Roche HCV genotype 
(1/4)

Chronic hepatitis C virus infection Phase II



PHARMA MAttERS | SPOtLIgHt ON... PERSONALIZED MEDICINE

CARDIOVASCULAR DISEASE

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

RN-316 Pfizer proprotein 
convertase 
subtilisin/kexin 
type 9 (PCSK9)

Hypercholesteremic patients unresponsive to statins; 
many will be FH patients heterozygous for mutant 
low-density lipoprotein receptor (LDLR)

Phase II

DIABEtES

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

PF-04991532 Pfizer liver glucokinase type 2 diabetes Phase II

IMMUNOtHERAPy

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

AtR-107 Pfizer Interleukin-21 
receptor

Patients with autoimmunes diseases (Lupus, Crohn’s) 
that over-expressIL-21

Discontinued November 2011

MUSCULO-SKELEtAL DISEASE

DRUg NAME COMPANy
gENOMIC 
MARKER INDICAtION DEVELOPMENt StAtUS

blosozumab Eli Lilly sclerostin gene Osteoporosis Phase II

Ly-2495655 Eli Lilly “Myostatin

*Mutations 
of myostatin 
gene result in 
skeletal muscle 
hypertrophy”

“1. Disuse muscle atrophy

2. Sarcopenia”

Phase II

TABLe 4: SeLeCTeD PerSONALiZeD MeDiCiNeS iN CLiNiCAL DeVeLOPMeNT (DATA Are DeriVeD FrOM 
CoRTellIs foR ComPeTITIVe InTellIgenCe AND Thomson ReuTeRs InTegRITySM)

CONCLUSION I
Like most new paradigms, success or failure critically depends on 
the extent to which socio-technical frameworks can be created 
or adapted to support its introduction and use, and personalized 
medicine is no different. Although desirable from a drug 
development and public health perspective, the paucity of actual 
targeted therapy examples, especially outside oncology, suggest 
that integration of the personalized medicine paradigm into 
biopharmaceutical R&D is still fraught with challenges. Despite 
the fact that the Human genome Project has been completed 
for over ten years, the broader application of genomics with 
drug development still remains unrealized, and is hampered by 
a number of scientific challenges. One of the major obstacles 
stems from incomplete association of genomic alterations with 
complex disease pathways and the phenotypic consequences. 
As the modality of most complex diseases are multi-factorial, 
understanding how each genomic driver event plays a role in 
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the disease spectrum and the interaction/interdependence 
with other genetic and environmental factors is important for 
determining the rationale for targeted prevention or treatment of 
the disease. Furthermore, with the expanded pool of druggable 
targets, identification and functional validation of the genomic 
markers that have the most clinical significance, and being able 
to confirm associations in clinical studies with limited off-target 
effects, still remains possibly the key scientific challenge for the 
advancement of personalized medicine.

Personalized medicine also raises a number of issues around 
intellectual property that may present a significant barrier 
to wide spread adoption. As patent claims would likely be 
designed around composition and methods/use for treatment 
of ‘naturally occurring’ genomic DNA sequences, individual 
mutations, expressed sequence tags, and SNPs, the parameters 
of patentability are highly complex and recent court decisions 
on the utility and enforceability of patent grants for personalized 
medicine technologies continue to be subject of contentious 
debate. Furthermore, the exponential increase in molecular data, 
in the form of DNA sequences, gene expression microarrays, 
haplotypes, etc, has created a number of data management 
challenges that can limit utilization in R&D. While much of the 
advances in genomic research have been enabled by assemblies 
of expansive computational databases with contextualized 
data to develop associative information between genes and 
disease phenotypes, inconsistent ontology and harmonization 
of language/data standards, in addition to ethical concerns, still 
pose challenges to the acquisition, exchange, submission, and 
archiving of clinical-genomic information. 

Regulatory authorities have also widely recognized the potential 
for personalized medicine to expedite drug development and 
improve the benefit/risk profile of drug usage. However, many of the 
regulatory frameworks required to foster innovation while ensuring 
patient safety and improved outcomes, such as standards for whole 
genome sequencing, biomarker qualification, and innovative clinical 
trial designs and statistics, are still incipient. Nevertheless, the FDA, 
EMA, and the Japanese Pharmaceutical Devices and Medicines 
Agency, both individually and in collaboration, have issued concept 
papers and guidance to help facilitate personalized medicine 
innovation. Despite these initiatives there are a multitude of issues 
that still need to be addressed, particularly for drug developers, 
including the standards for analytical and clinical validation of 
genomic biomarkers and diagnostic tests, standards to validate 
genotype-phenotype associations, and vitally an appropriate 
framework for coordinated development and approval of drug-
diagnostic therapies.
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SECtION II
DEALS HIgHLIgHtS
It is unclear exactly how many deals relating to personalized 
medicine specifically have been signed, as most deals focus on a 
particular therapy area. However, it is clear that dealmakers are 
mindful of this potentially high-revenue sector as illustrated by 
these deals evolving into the personalized medicine arena.

the following section reviews the licensing portfolio of a number of 
blockbuster personalized medicines, as well as certain significant 
and promising personalized medicine candidates for a variety of 
diseases, as featured in Cortellis for Competitive Intelligence. Other 
notable and high-value deals are also highlighted to give an insight 
into the personalized medicine market. 

BLOCKBuSTer PerSONALiZeD MeDiCiNeS

With over $4.5 billion and $716 million sales in 2011, as well as 
expected sales yields under $2.3 billion and over $2 billion in 
2016, respectively, Novartis’s chronic myeloid leukemia (CML) 
therapies, gleevec and tasigna, currently represent major 
forces in the personalized medicine arena, specifically targeting 
Philadelphia chromosome-positive (Ph+) patients, as well as 
those with other types of cancer and associated-specific genetic 
mutations. Variagenics entered into an agreement in May 2000 
to apply its integrated cancer pharmacogenomics platform to 
gleevec and PKI-166 to identify potential efficacy markers for 
prostate cancer, of which Novartis would gain exclusive access 
to. Financial terms were not disclosed.

With at least seven personalized medicine product candidates in 
clinical development, Roche can be seen as a predominant player 
in the personalized medicine industry, particularly with recently 
launched blockbuster Zelboraf, which produced sales of $35 million 
in 2011, expected to increase to almost $750 million in 2016.

Roche acquired worldwide development and commercialization 
rights to melanoma skin cancer treatment Zelboraf from 
Plexxikon in October 2006, as part of a deal worth approximately 
$706 million. Both companies would jointly develop the drug and 
follow-on compounds targeting other B-Raf kinase mutations. 
Plexxikon retained US copromotion rights, whilst receiving $40 
million upfront and a further $6 million in research funding 
for 2 years. Plexxikon could also receive up to $660 million 
in milestone payments, plus royalties. At that time, Plexxikon 
reported that it was also working with Roche Molecular Systems 
to develop an in vitro assay to screen for the presence of the 
BRAFV600E mutation in patient tumors.

Xalkori has been launched specifically for locally advanced or 
metastatic NSCLC that is anaplastic lymphoma kinase (ALK)-
positive as detected by an FDA-approved test. Recently launched, 
sales are expected to hit almost $1 billion in 2016. Abbott agreed 
to develop a companion diagnostic test in August 2009 that 

“Working with novartis in an important 
disease area such as prostate cancer 
presents Variagenics with a great 
opportunity to apply our pharmacogenomic 
technologies to help understand how to use 
new compounds in oncology. ultimately, 
this type of research may help physicians 
prescribe the most appropriate therapeutic 
regimens for their patients.”
Joseph S (Jay) mohr, former President and Chief 
Business Officer, variagenics.

“As one of the leading pharmaceutical 
companies in oncology, together with their 
commitment to personalized medicine, 
Roche makes an ideal partner for the 
development of this unique compound.”
K Peter Hirth, PhD, CEO, Plexxikon inc.
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would assess a patient’s genetic status, enabling patient selection 
for clinical trials. Financial details were undisclosed.

With $3.2 billion worth of sales in 2011 and projected to increase 
to $6.1 billion in 2016, Revlimid is becoming a great financial 
asset in Celgene’s portfolio for myelodysplastic syndrome 
(MDS). It is currently approved for treatment-dependent anemia 
due to low- or intermediate-1-risk MDS associated with a 
deletion 5q abnormality with or without additional cytogenetic 
abnormalities. In January 2003, Celgene acquired all rights 
to EntreMed’s thalidomide programs, including Revlimid and 
Actimid, for approximately $27 million. Celgene also received 
an exclusive worldwide license from Children’s Hospital to 
its thalidomide analog patent portfolio. Other assets and 
intellectual property relating to thalidomide analogs developed 
by EntreMed were also transferred to Celgene. In exchange, 
EntreMed would receive cash payments and equity investments 
in the form of convertible preferred stock and warrants. Celgene 
would also assume specific license payment obligations to 
EntreMed, with a 1-year option to choose one of three preclinical 
candidates for a research and development collaboration with 
and licensing opportunity from EntreMed.

Widely launched therapy Erbitux is also being applied as a 
personalized medicine to specifically target epidermal growth 
factor receptor-expressing (EgFR) metastatic colorectal cancer 
(excluding patients whose tumors express codon 12 or 13 
KRAS mutations, who are unlikely to benefit from Erbitux). In 
September 2001, Bristol-Myers Squibb‘s (BMS) and ImClone 
Systems signed a US, Canadian and Japanese codevelopment 
and copromotion deal for Erbitux and related compounds, 
which was reportedly worth up to $1 billion as three milestone 
payments. the first payment would be made upon signing the 
deal, the second for BLA submission to the FDA and the third 
for FDA approval, plus a share of product revenues. An equity 
stake of approximately 14.4 million shares of ImClone stock at 
$70 per share was also purchased by BMS. However, following 
allegations of misconduct, a revised agreement formalized in 
March 2002 meant that BMS was expected to pay ImClone $140 
million in cash and $60 million in cash on the 1-year anniversary 
of the signing (in lieu of the $300 million milestone payment 
agreed upon in the original agreement). Based on FDA approval 
of the drug, ImClone would still receive the originally agreed 
$500 million milestone payment in two parts ($250 million 
upon approval of the initial indication, and the remaining $250 
million upon approval of a second indication), as well as a 
distribution fee based on a flat rate of 39 percent of revenues in 
North America. the term of the agreement was to run until 2018. 
the 1-year and first-indication approval milestones were paid in 
March 2003 and March 2004, respectively.

the Cystic Fibrosis Foundation therapeutics (CFFt) has invested 
heavily in a cystic fibrosis drug discovery and development 

“This test will allow us to focus on the 
patient population most likely to benefit 
from our nsClC candidate. Working in 
close partnership with the experienced 
Abbott team, we are confident that 
we will deliver yet another application 
of personalized medicine to address a 
currently unmet medical need in nsClC.”
garry nicholson, general manager, Pfizer Oncology 
Business unit.
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collaboration with Vertex. Following several deal expansions 
between May 2004 and April 2001, newly launched Kalydeco 
was covered by the deal from March 2006. the agreement was 
forged in 1998 and included payments to Vertex worth up to 
$150 million in funding, as well as milestones and royalties.

iNFiNiTy AND MeDiMMuNe’S $0.5 BiLLiON 
CODeVeLOPMeNT AgreeMeNT FOr KrAS-TArgeTiNg 
NSCLC THerAPy

One therapy which is being personalized to target KRAS 
mutations in non-small-cell lung cancer (NSCLC) is retaspimycin. 
As part of a worldwide development and commercialization 
collaboration signed in August 2006, MedImmune and Infinity 
Pharmaceuticals were to codevelop small-molecule cancer drugs 
targeting heat shock protein 90 (Hsp90) and the Hedgehog 
cell-signaling pathway. this included Infinity’s retaspimycin for 
oral and intravenous treatment of various cancers, as well as 
saridegib. Clinical development and related costs and profits 
would be shared. Infinity would receive a one-time upfront 
payment of $70 million plus potential milestones of $430 
million, whilst retaining responsibility for preclinical development 
and proof-of-concept clinical studies. MedImmune would head 
regulatory strategy as well as sales and marketing, while Infinity 
would have a US copromotion option for any products.

However, the agreement was short lived, as all rights were 
returned in November 2007 with MedImmune continuing to fund 
its 50 percent share of development of saridegib until May 2008. 
Infinity was granted an option by MedImmune to participate in 
the development of other Hedgehog programs being developed 
by its parent company, AstraZeneca; the option would include 
the opportunity to record worldwide profits and participate in 
US copromotion. Other terms of the agreement, covering the 
retaspimycin programs, remained unchanged.

In October 2008, the initiation of a phase III RINg trial triggered 
a $15 million milestone payment to Infinity. However, two 
months later, Infinity re-acquired all worldwide development 
and commercialization rights to its Hsp90 program, while 
AstraZeneca would fund an amount equivalent to its share of 
the program costs for the ensuing six-month period. Infinity had 
a single-digit royalty obligation to AstraZeneca on net sales of 
retaspimycin products.

“In addition to providing near-term 
revenue to Vertex, this agreement 
brings forward potential breakthrough 
drug candidates for Cf toward clinical 
development, while retaining for Vertex 
full commercialization rights. This 
underscores Vertex’s commitment to 
developing breakthrough drugs for serious 
diseases and expands our ability to bring 
some of these breakthrough drugs to the 
marketplace ourselves.”
Joshua Boger, PhD, former Chairman and CEO, vertex

“We believe that medImmune’s 
established clinical, sales, and marketing 
capabilities are a strong complement to 
Infinity’s expertise in novel small molecule 
drug discovery and development.”
adelene Q Perkins, Executive vice President and Chief 
Business Officer, infinity Pharmaceuticals
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J&J’S $1.4 BiLLiON rigHTS ACQuiSiTiON OF eLAN’S 
ALZHeiMer’S iMMuNOTHerAPy PrOgrAM

Janssen Alzheimer Immunotherapy (a newly formed Johnson 
& Johnson (J&J) company) obtained rights to bapineuzumab, 
following its acquisition of Elan’s assets and rights relating to its 
Alzheimer’s Immunotherapy Program (AIP). 

the acquisition, announced in July 2009, was to include Betabloc, 
bapineuzumab, AAB-002, vanutide cridificar, ACC-002 and 
anti-amyloid beta antibody vaccines. Additionally J&J, through its 
affiliate, was to invest $1 billion in Elan in exchange for American 
Depositary Receipts (ADRs) representing 18.4 percent of Elan’s 
outstanding ordinary shares. the AIP program was originally 
entered into with Wyeth (now Pfizer) in April 2000, so it was 
agreed that J&J would assume and continue Elan’s activities with 
Wyeth. An initial $500 million from J&J would be provided to 
continue the development and launch of bapineuzumab and other 
compounds, with further funding from the companies if required. 
Elan would receive a 49.9 percent equity interest in Janssen 
Alzheimer Immunotherapy, and as such 49.9 percent of profits 
and certain royalties from the program.

In order to cure an unintentional breach of its collaboration agreement 
with Biogen regarding tysabri, Elan amended its agreement with J&J 
to an $885 million investment in Elan, in exchange for newly issued 
ADRs. J&J would still acquire the AIP-related assets through Janssen 
Alzheimer Immunotherapy. the transaction and investment was 
finally concluded in September 2009.

MerCK & CO’S $1 BiLLiON wOrLDwiDe DeAL TO DeVeLOP 
AND COMMerCiALiZe eNDOCyTe’S ViNTAFOLiDe 

Merck, via a subsidiary, gained worldwide development and 
commercialization rights to Endocyte’s vintafolide in April 2012, 
focusing on development for platinum-resistant ovarian cancer 
and multiple other cancer types. the phase III candidate is being 
developed as a folate-targeted chemotherapeutic in conjugation 
with companion imaging diagnostic EC-20 for patient selection 
of folate-receptor-positive ovarian cancer.

Under the deal terms, Endocyte would receive $120 million 
upfront and be eligible for milestones of up to $880 million for 
a total of six cancer indications if development, regulatory and 
commercialization targets were successfully reached. Following 
regulatory approval, Endocyte would receive an equal portion 
of US profit, as well as double digit percentage royalties in the 
rest of the world. Endocyte would retain US copromotional rights 
and Merck would have the exclusive promotional right in the rest 
of world. Endocyte would have responsibility for majority of the 
funding and completion of the PROCEED trial. Merck would have 
all decision rights and responsibility for all other development 
activities and costs.

“This agreement underscores our strategy of 
building a portfolio of oncology therapeutics 
that employ a companion diagnostic to 
facilitate selection of those patients most 
likely to respond to treatment.”
Peter S Kim, Executive vice President and President, 
merck research Laboratories

“This transaction will leverage elan’s 
unique scientific and clinical work and 
leadership in bringing treatments to market 
that potentially slow the progression of 
Alzheimer’s disease. The elan commitment 
to scientific innovation and patients 
remains absolute and we will continue to 
build upon and expand our leadership in 
the fields of neuroscience and immunology.”
Kelly martin, CEO, Elan
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DRUg
LICENSINg 
COMPANy

PARtNER 
COMPANy

DEAL 
StARt 
DAtE

DEAL VALUE  
(US $)*

Zelboraf Plexxikon Roche October 
2006

706 million + 
royalties

Revlimid Celgene EntreMed January 
2003

> 27 million 
+ other 
payments

Erbitux ImClone 
Systems

Bristol-Myers 
Squibb

September 
2001

< 2.008 
billion

Kalydeco Vertex 
Pharmaceuticals

Cystic Fibrosis 
Foundation 
therapeutics

December 
2008

> 150 
million + 
royalties and 
milestones

Retaspimycin Infinity 
Pharmaceuticals

MedImmune August 
2006

> 500 million 
+ royalties

bapineuzumab Elan Corp Janssen 
Alzheimer 
Immunotherapy

July 
2009

> 1.385 billion 
+ royalties

Vintafolide Endocyte Merck & Co April 
2012

> 1 billion + 
royalties

gleevec Variagenics Novartis May 
2002

Undisclosed

Xalkori Abbott 
Laboratories

Pfizer August 
2009

Undisclosed

TABLe 5. SuMMAry OF NOTABLe AgreeMeNTS FOr PerSONALiZeD 
MeDiCiNe

* Approximate values based on the achievement of all milestones for the principal components 
included in the deal.
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CONCLUSION II
Whilst observing the deal coverage for personalized medicines, the 
majority of blockbusters under assessment for subset populations 
seem to focus on widely launched anticancer therapies. Erbitux 
has one of the highest sales values ($1.8 billion in 2011) with 
BMS forging one of the highest value deals with ImClone in 
2001. However, there are a number of clinical candidates being 
groomed as personalized medicines, e.g. Janssen Alzheimer 
Immunotherapy’s bapineuzumab as part of a $1.4 billion deal with 
Elan signed in 2009. Vertex’s Kalydeco signifies a great investment 
in terms of returned revenue, particularly since signing an early 
deal with CFFt in 1998 and the recent 2012 launch has indicated 
expected 2016 sales of $1 billion.

However, licensees may be put off by the development period 
required to evaluate non-established methods of genetic 
manipulation. Other high valued agreements involve anticancer 
treatments either targeting KRAS or BRAF gene mutations, 
depending on the target indication. 

It is quite evident that large fund transfers are involved for 
therapies used in conjugation with diagnostic methods in order 
to evaluate certain patient groups to ensure responsiveness 
and a greater degree of efficacy, e.g. Merck’s $1 billion deal 
with Endocyte for vintafolide. However, it is not entirely clear if 
Merck’s investment was for personalized medicine reasons, as 
the consideration of this blockbuster for subset populations may 
have already occurred in its development life cycle. It is likely that 
the large funds now available is reflective of a change in patient 
needs and market dynamics. 

Abbott’s deal with Pfizer does highlight a personalized medicine-
focused collaboration with the development of a diagnostic test for 
ALK-positive patients. With a generic threat looming and the need 
to cut development costs and improve efficacy, licensees have 
come to look at fully-launched therapies in order to re-assess as 
personalized medicines. there is certainly an emerging trend with 
others to implement this strategy early on in the life cycle.
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