Perspective
Combating complexity: partnerships in
personalized medicine
We are entering an era of unprecedented complexity in personalized medicine. Therapeutic targets,
biomarker detection technologies, regulatory and reimbursement pathways, and commercialization
strategies have all reached new levels of intricacy. These complexities are occurring in the context of the
current economic environment, in which outsourcing offers a way for innovators to decrease large internal
investment. These factors combine to create a perfect setting for a partnership explosion. Now, and as
we move into the future, it will be critical for innovators to access outside expertise with a diverse set of
partners in order to bring novel personalized medicine products to the market successfully and economically.
Only companies that truly embrace this trend and adopt a collaborative approach will emerge successful.
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When companies require new capabilities in
emerging fields, they face the critical decision
of whether to build internally or access external help. A number of criteria are weighed,
including competency, cost, feasibility, longterm value and resource availability. As companies look to preserve cash in times of economic turmoil, the pendulum swings toward
outsourcing [1,2] .
The current economic environment serves as
an overarching driver of outsourcing and partnering across the healthcare industry. However,
within personalized medicine, an additional
trend is driving significant partnership expansion. That trend is an unprecedented growth in
complexity, which makes it absolutely essential
to look outside of one’s own walls to avoid millions of dollars of internal infrastructure spending to develop capabilities that are constantly
changing and difficult to maintain. In the past,
the pharma industry turned to outside contract
manufacturing organizations for help controlling manufacturing costs and for know-how
in manufacturing their drugs, and to clinical
research organizations to better manage and
streamline clinical trials. Similarly, companies
across personalized medicine are now turning
to each other proactively and intentionally to
share the burden of developing the best products for patients. Figure 1 illustrates these driving
forces behind the partnership expansion.
Granted, ‘personalized medicine’ – the blanket term that encompasses the goal of delivering the right treatment to the right patient at
the right time – is by its very nature complex.

However, that level of complexity is expanding
far more rapidly today than ever before. Each
step in the development of a personalized medicine product, from initial target development
to final diagnostic commercialization, is accelerating in its intricacy. Across the continuum,
that complexity is manifested through the integration of new cutting-edge technologies, with
highly specialized expertise. Innovators must
rely on partnerships among scientific, clinical,
logistical, political and business stakeholders, who each bring different and necessary
strengths to development.
Over the past decade, one set of stakeholders, namely the therapeutics and diagnostics
companies, essentially controlled the destiny
of a new personalized therapeutic or diagnostic. Based on the trends we will discuss in this
article, we believe that all stakeholders will play
an important role moving forward, and control must be shared among stakeholders in order
to streamline costs and develop the strongest
personalized medicine products. This evolving
paradigm of stakeholder interconnectivity is
illustrated in Figure 2 .
We are beginning to see evidence of stakeholder interconnectivity across all three major
segments of the personalized medicine product continuum. In discovery, development and
commercialization, new partnerships are emerging, with a broader set of stakeholders, as illustrated in Figure 3. Given the current economic
environment and rapid growth in complexity,
we anticipate these partnerships accelerating in
the near future across all three segments.
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Figure 1. Partnership expansion in personalized medicine. Economic turmoil
and increasing complexity are key driving forces behind the increasing partnerships
in personalized medicine, and will continue to drive further partnership expansion.

Discovery
Much of the complexity growth driving partnership expansion in the discovery segment of
personalized medicine stems from the paradigm
shift we see in targeted therapy. Led by oncology,
targeted therapy – drugs aimed at molecular targets specific to a patient’s disease state – is quickly
sweeping the industry. (Given the complexity
and rapid evolution of cancer treatment, this article provides many oncology-focused case examples; personalized medicine in other indications
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Figure 2. Partnerships in personalized medicine. All relevant stakeholders are
becoming key partners across the personalized medicine continuum, with each
playing an important role in this new interconnected paradigm.
CRO: Contract research organization.
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is also evolving and will be addressed in other
publications.) Over the past decade, treatment
has moved from nontargeted chemotherapeuticbased approaches to molecularly targeted therapy.
A stark difference exists between the majority of
launched drugs and those currently in clinical
development. As illustrated in Figure 4, today, only
approximately 15% of launched oncology drugs
are considered targeted; that percentage rises to
nearly half of compounds in development earlier
in the pipeline [101] .
At the same time, the number of targets is
expanding rapidly as researchers discover new
drivers of disease and segment tumor types into
smaller subsegments. This trend is illustrated in
Figure 5 through the evolution of lung adenocarcinoma genetic subtyping. Analyzing the growth
in characterization from 1980 to 2012 shows how
researchers continue to elucidate novel paths
forward in drug development for this disease
through new biomarker discovery [3,102] .
However, the complexity does not stop there.
The targets themselves are becoming more and
more complex. In the past, translational medicine
needs across pharma were more straightforward.
Pharmacodynamics and dosing of traditional
cytotoxic agents were less complex and centered
on maximum tolerated dose. Even early targeted
therapies such as Herceptin® were associated with
relatively obvious and easily assessed predictive
markers such as HER2 [4] . Today, novel cancer
agents are attacking complex signaling pathways
on multiple levels. This includes novel complex
signaling targets, such as PI3K/Akt and mTOR
for multiple cancers [5] , and synergistic combinations of targeted therapies, such as the BRAF,
MEK and PI3K combination in melanoma [6] ,
the EGFR and c-Met combination in lung cancer
[7] , and the HER1, 2 and 3 combination in breast
cancer [8] . They also include targeted immunotherapy such as PD-1/PD-L1 for melanoma [9]
and targeting protein complexes, and dimerization such as P53/MDM2 [10] , HSP90 chaperone
complexes [11] , and FLT3 [12] for multiple cancers.
From multikinase inhibitors and targeted
immunotherapies to inhibitors of protein complexes and dimerization, pharmacodynamic
markers are more complex. Predictive markers
are elusive and multifactorial, and maximum
tolerated dose is no longer the optimal biological
dose. These research streams require specialized
expertise and pharma can look to partners without having to build broad and deep knowledge in
biomarker and diagnostics development.
And there is plenty of help to be had. Companies such as Biodesix (CO, USA), Almac
future science group
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Figure 3. Expanding partnership landscape in personalized medicine. New partnerships are
emerging with a broader set of stakeholders across the continuum – discovery, development and
commercialization. Therapeutic and diagnostic companies have been central members in the space
for some time, while other groups such as CROs, health IT and life science companies are emerging
partners.
CRO: Contract research organization.
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For example, Exosome Diagnostics (NY, USA),
a company harnessing exosomes in multiple body
fluids to develop innovative diagnostics for cancer and neurodegenerative diseases, has partnered
with Columbia University Medical Center (NY,
100

Compounds (%)

(Craigavon, UK) and Biomarker Strategies
(MD, USA) help pharma to decipher the complex signaling relationships, and guide predictive marker development as described above.
For example, the diagnostics company Biodesix
has signed over 14 pharmaceutical and biotech
deals over the past few years, including ones
with Kadmon (NY, USA) and GlaxoSmithKline
(London, UK). These deals focus on leveraging
their MALDI mass spectrometry platform and
diagnostic expertise in serum protein biomarker
elucidation to discover biomarker signatures that
support novel targeted therapy discovery and
development [103] . Importantly, these deals are not
one-sided. They play a critical role for early biomarker companies looking for access to valuable
clinical samples and validation of their platforms,
which can be provided by their pharma partner.
Another key source of expertise in this area
is academic research institutions. Partnerships
between industry and academia have grown
significantly, and these partnerships could not
come at a better time because government funding continues to dry up. In recent years, academia has seen NIH and federal funding move
from 66% of its total funding in 2004 to 60%
in 2009, while industry funding has grown at a
10% annual rate over that same period [104,105] . In
turn, academic institutions provide the industry
an economical, highly skilled discovery vehicle
with access to rich patient sample populations.
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Figure 4. The rise of targeted therapy in oncology. A host of factors are
converging that further necessitate partnering around increasing needs for
biomarker and diagnostic expertise in oncology. Today, only approximately 15% of
launched oncology drugs are considered targeted. That percentage rises to nearly
half of compounds earlier in the pipeline, as we move from: simple targeted
therapies to complex signaling mechanisms; single agents to codeveloped
combinations; and moderate biomarker use to widespread advanced biomarker use.
Data taken from [101] .
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Figure 5. Evolution of lung adenocarcinoma molecular characterization. Lung adenocarcinoma genetic subtyping is rapidly
expanding the number of viable targets in this disease. Analyzing the growth in characterization from 1980 to 2012 shows how
researchers continue to elucidate novel ways forward in drug development for this disease via new biomarker discovery.
Data taken from [3,102] .

USA) to develop the largest urine-based prostate
cancer sample bank in the world. Its management
team underscores the importance of their partnership with Columbia in accessing those samples
to develop its highly accurate prostate cancer test
(the first of multiple tests in its portfolio) – and
in doing so more economically [McCullough J,
Pers. Comm.] .
Specific pairing of a pharmaceutical to a diagnostic is only a part of personalized medicine.
The vast majority of diagnostics are not being
developed to guide a specific branded therapy.
More often, biomarkers that become diagnostics inform treatment, but do not directly link
to a specific branded therapy. These ‘complementary’ diagnostics also play a critical role in
personalized medicine as prognostic gene signatures such as Agendia’s (Amsterdam, The
Netherlands) MammaPrint® test [13] for breast
cancer recurrence, predictive markers of toxicity such as UGT1A1*28 mutation analysis for
irinotecan [14] and molecular monitoring such as
BCR–ABL testing to monitor chronic myeloid
leukemia progression [15] . Classically, diagnostic
companies have developed these diagnostics and
launched them into the market, but these companies increasingly need to look to partnerships
to better disseminate their tools to those that will
use them. For example, Life Technologies (CA,
USA), a global life sciences company, has inked
two partnerships with Bristol-Myers Squibb (NY,
USA) to support the development of diagnostic
products, with initial focus on oncology, with
expansion into other therapeutic areas. BristolMyers Squibb provides the robust pipeline, while
Life Technologies provides the specific tools and
expertise in life sciences and diagnostics discovery
and development. Life Technologies can leverage a number of platforms to more quickly assist
390
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Bristol-Myers Squibb in their companion and
complementary diagnostic program pursuits [106] .

Development
As personalized medicine moves from discovery to development, the regulatory and reimbursement environments take center stage. The
experience needed to successfully navigate the
ever-changing regulatory environment from a
diagnostic perspective is lacking within pharma
and is best accessed through a partnership with
a diagnostics company. That way, pharma can
avoid building out a large diagnostics regulatory
infrastructure internally and having to learn the
evolving landscape too quickly. While the US
FDA draft guidance on companion diagnostics
started the conversation, the brief was not prescriptive enough and has not become formal guidance; the brief leaves us in a still-nebulous environment [107,108] . Topics still under debate include
clinical trial patient populations, inclusion of
biomarker-negative patients, and applicability of
prognostic, predictive and selective claims [109] .
Therefore, companies are turning to each other to
navigate the developmental, regulatory and reimbursement landscapes, driving a rapid increase in
companion diagnostic alliances. The growth of
these alliances is illustrated in Figure 6 [110] .
Diagnostic companies – particularly those
with a proven track record, such as Abbott (IL,
USA), Roche/Ventana (Basel, Switzerland), Dako
(Glostrup, Denmark) and Qiagen (Venlo, The
Netherlands) – represent ideal partners. Roche/
Ventana, a partner of choice, contributed to a
surge of deals in the first part of 2012, partnering
with Pfizer (NY, USA), Æterna Zentaris (QC,
Canada), Syndax (MA, USA), Bayer (Leverkusen, Germany), Millennium (MA, USA) and
Seattle Genetics (WA, USA) to work with them
future science group
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physicians are able to select treatment for their
patients without too much difficulty, with a
choice among Herceptin, Tykerb® or Perjeta®.
In the future, however, the pipeline is rich with
a variety of targeted therapeutics and resulting
companion diagnostics likely to launch.
The variety of targeted therapy options in the
future will create a clinical quandary for physicians and pathologists who will not have enough
tissue to send out tens of separate companion or
complementary diagnostic tests for one patient.
They will need to look to laboratories and/or
vendors who can provide consolidated tumor
profiles. Examples of companies that can provide those options today include companies
such as Response Genetics (CA, USA) with its
ResponseDx® comprehensive panels for lung,
gastric, melanoma and colon cancers [113] . Caris
Life Sciences (TX, USA), Foundation Medicine
(MA, USA) and MolecularHealth (Heidelberg,
Germany) are other companies that offer compelling tumor profiling panels. These panels are the
future of personalized medicine, as they continue
to pinpoint the treatment options that best suit
individual patients with more and more granularity. In addition, they represent important emerging partners as therapeutic companies recognize
that these panels may supplant their individual
companion diagnostics in the future.
20
18
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14
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on various areas in their development. Another
well-publicized example was Abbott and Pfizer,
who partnered to walk through the regulatory
process together with the targeted drug Xalkori®
and the companion diagnostic to Xalkori, the
ALK FISH test. In early studies, Xalkori exhibited strong efficacy, but only in the approximately
4% of non-small-cell lung carcinoma patients
that harbor an EML4–ALK translocation. With
this activity limited to such a small patient subsegment, Pfizer needed a companion diagnostic
to gain FDA approval in these highly-responsive
patients. Given the dramatic level of response and
revenue potential, Pfizer had plans to submit its
new drug application in a compressed timeline.
This made it critical to find a reliable partner
that could quickly develop a valid diagnostic
with minimal risk. Abbott was able to meet that
need. Although Pfizer and Abbott emerged victorious with this plan, experts close to the matter claimed that the road was not easy and both
parties learned multiple logistic lessons, which
they are taking into consideration while forming
new partnerships [Long K, Pers. Comm.] . These logistical issues highlight pharma’s need to expand its
understanding of the diagnostics space in order
to better initiate and manage partnerships with
diagnostic companies, and to clearly define roles
and conflict resolution strategies amidst different
business models and incentives.
While the traditional diagnostic companies are
seeing an increase in deals, we are also witnessing
a rise in partnerships with companies with highly
specialized companion offerings. One such example is the deal between PrimeraDX (MA, USA)
and Lilly (IN, USA) in June 2012 [111] . PrimeraDx
is using its ICEPlex platform, which combines
end-labeled PCR and capillary electrophoresis to
produce tests for Lilly that can simultaneously
detect mRNA, miRNA, DNA and SNPs. This
type of offering will become more important
as Lilly advances more combinations of multifactorial therapeutics through the pipeline. Partnerships such as these will continue to be crucial
to launching these companion products into the
market quickly, safely and economically.
Partnerships that provide outside scientific,
clinical and logistic knowledge to bring forward
personalized medicine products in an accelerated
timeframe are in full swing. However, the influx
of targeted therapies and companion diagnostics
will create another unique issue in some clinical
indications in the not-too-distant future. Figure 7
highlights this phenomenon by examining the
breast cancer treatment paradigm [112] . Today,
the targeted landscape is relatively limited and

Perspective

15

12
10
8

9

6
4
2
0

2008

2010

2012

Year

Figure 6. Companion diagnostic alliance
growth. A host of different targeted agents
across various mechanisms of action will hit the
market, driving an unprecedented need for
biomarker development and personalized
medicine solutions. Therefore, companies are
turning to each other to navigate the
development, regulatory and reimbursement
landscapes, driving a rapid increase in
companion diagnostic alliances among those
groups.
Data taken from [110] .
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Figure 7. Need for decision support tools. Within a few years, targeted treatment options for metastatic breast cancer will increase
dramatically, necessitating new partnerships for the development of decision support tools.
Data taken from [101] .

Beyond the diagnostics described above, there
are other complementary diagnostics that will
play a critical role. These include prognostic gene
signatures, predictive markers of toxicity and
molecular monitoring assays. Companies developing these products all impact the personalized
medicine ecosystem and represent important
players in the partnership web. However, they
will have to satisfy the needs of an increasingly
skeptical stakeholder in that web: the payer.
The reimbursement landscape for personalized
medicine diagnostics is currently in a state of flux.
The system is fraught with limitations around
coding, coverage and pricing, all of which make it
more difficult than ever for developers to achieve
broad coverage and value-based reimbursement
in a timely fashion [114,115] . To overcome these
challenges, diagnostic developers are increasingly
partnering with a seemingly unlikely partner:
the US payer community itself. These partnerships are typically aimed at generating real-world
health economic and clinical utility data, and can
be an effective way for the developers to generate
the critical data that many payers are increasingly
requiring for broad coverage [16] .
One particularly high-profile ‘coverage with
evidence development’ agreement occurred in
2007 between Genomic Health (CA, USA) and
United Healthcare (MN, USA). United Healthcare agreed to reimburse Genomic Health’s
Oncotype DX® for breast cancer recurrence at its
list price for 18 months while tracking clinical
392
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effectiveness, after which point it would seek a
lower price if certain expectations were not met
[116] . Ultimately, the project had a positive outcome. After the first round of reviews, only 16%
of physicians were using the test incorrectly, and
that number has continued to fall [117] . United
Healthcare has therefore not had to re-open the
contract and re-price the test. This agreement
allowed Genomic Health to gain access to a large
customer base and required that the test developer stand behind its product’s performance in
the real world. This was a progressive risk-sharing
agreement in the diagnostics area and one that
may be replicated as more novel diagnostics seek
value‑based pricing.
The other component of reimbursement and
value-based pricing is system economic justification. Increasingly, diagnostic developers seeking
premium pricing are wisely dedicating resources to
system economic studies. These studies typically
begin in silico with economic models typically satisfying the baseline needs of the payer community.
However, leading companies are partnering with
payers to bring these health economic studies
to a much higher level. One successful example
again involves Genomic Health, this time with
Humana (KY, USA). A 2011 study analyzed the
real-world outcomes and costs of 925 Humana
patients managed with Oncotype DX, demonstrating significant cost savings after accounting
for the cost of the test [17] . With the American
Medical Association (AMA) sunsetting Current
future science group
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Procedural Terminology (CPT) code stacking for
molecular diagnostics, system economic justification will be critical moving forward [118] . Leveraging the expertise of reimbursement experts and
collaborating with payers will be a growing trend
in personalized medicine moving forward.

Commercialization
The final component of the personalized medicine
continuum undergoing a paradigm shift to more
partnering is commercialization. Diagnostic developers are beginning to look to a broader set of players as commercialization partners for a variety of
reasons. In many cases, it is not economically viable
for a smaller single-product diagnostic company to
develop a large internal sales force. Traditionally,
we have seen some companies partner with large
national reference laboratories to help sell their
products – with varied success. EXACT Sciences
(WI, USA) partnered with LabCorp (NC, USA)
in 2001 to sell its colorectal cancer detection test.
More recently, Vermillion (TX, USA) partnered
with Quest Diagnostics (NJ, USA) in 2012 to sell
its test for ovarian cancer. While those large reference laboratories have a broad sales reach, they
did not classically bring the same clinical expertise
and effort to the sale as another partner might.
However, in recent years, large reference laboratories such as Quest and LabCorp have acquired
specialty reference laboratories and companies,
such as Genzyme Genetics (MA, USA), Monogram Biosciences (CA, USA), Athena Diagnostics
(MA, USA) and Esoterix (TX, USA), and invested
internally as well to provide an offering that serves
this new customer base.
Companies are also seeking regional, specialty
laboratories to help reach specific populations
more economically. In the urology space, there
has been a move to partner with regional uropathology laboratories. Mitomics (ON, Canada),
a company developing a novel prostate cancer
diagnostic, partnered with both Bostwick Laboratories (VA, USA) and QDx (NJ, USA) in 2011
based on the laboratories’ strong relationships
with urologists, and the ability of their representatives to make a highly clinical sell. Therapeutic
companies are also gaining interest as attractive
partners. In 2012, Veracyte (CA, USA) partnered with Genzyme Genetics to sell its thyroid
cancer prognostic test [119] . Rather than build out
a large endocrinologist-focused sales team, Veracyte brought its Afirma® test to Genzyme, which
markets Thyrogen®, a thyroid cancer therapeutic
that had been on the market since 1998 and had
seen decreasing interest from endocrinologists.
Veracyte leveraged Genzyme’s existing sales
future science group
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force to access endocrinologists and Genzyme
gained a critical new angle to improve physician
relationships and interest in its offerings.
Attention to global issues is also of importance
as applications of personalized medicine spread
into Europe and even further into the Middle
East, China and Brazil. Partnerships that bring
sophisticated personalized medicine diagnostics
while leveraging local presence provide the best
combination for success. For example, Genomic
Health partnered with Unilabs (Geneva, Switzerland), a pan-European reference laboratory,
in October 2012, to offer Oncotype DX in the
UK [120] . This was a win–win situation: Genomic
Health gained access to a difficult European market through a well-connected internal reference
lab, while Unilabs further differentiated itself by
offering a highly desired proprietary personalized
medicine diagnostic.
A final example of burgeoning partnerships in
the commercial space is the pairing of companies
with those that can offer superior health information technology. With all of the complexity inherent in personalized medicine, the decision support
tools and sheer analytic capabilities health systems
will need in the future is immense. Thankfully, we
are seeing the formation of interesting partnerships
that will meet those needs. For example, MolecularHealth is a clinical molecular informatics company whose goal is to advance personalized medicine by translating patient-specific molecular and
genomic data, clinical history, and published scientific and medical evidence into safer, more effective drug choices for patients through informaticsbased prediction and decision-support tools. It is
powered by a partnership with SAP AG (Waldorf,
Germany), utilizing its SAP HANA platform to
manage the roughly 2 terabytes of genomic data
per patient and create a cloud-based offering for
physicians that promises to dramatically accelerate
the decision-making process [121] . The company
is currently collaborating with the University of
Texas MD Anderson Cancer Center (TX, USA)
and the FDA. Although the collaboration is in
early stages, it is difficult to quantify the economic
advantages that both the University of Texas (TX,
USA) and MolecularHealth are enjoying because
these collaborations are so new. However, accessing the necessary specialized IT expertise that MD
Anderson did not have in order to develop this new
decision-making process more quickly is likely to
create a win–win outcome for both parties.

Return on investment
Partnerships in personalized medicine may be
formed for scientific, clinical or logistic reasons
www.futuremedicine.com
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in order to leverage specialized expertise outside
one’s walls without having to take on the expense
and burden of building internally. However, with
all of these partnerships, both parties must consider the economic incentives and disincentives to
partnering. As mentioned previously, the broad
trend and comfort with outsourcing for pharma
companies allows those teams to take on diagnostic partners as vendors, working with a company
to develop and commercialize a single companion diagnostic or multiple companion diagnostics for a fixed fee or series of milestones. Other
partnerships focus less on a vendor relationship
and more on a pure partner-to-partner relationship–trading platform use for sample access, for
example, or with the diagnostic company taking
on greater risk, but also garnering a greater upside
than a typical vendor relationship. Finally, a new
breed of partnerships, more common with payers, focuses on true risk-sharing arrangements in
order to trial a new diagnostic in their populations without having to take on all of the expense
upfront. With each partnership, it is essential that
management teams determine their comfort and
structure upfront, vet options with the potential
partners and carefully calculate their return on
investment for several paths and partners before
making a final decision on the partnership. With
adequate partner-to-partner transparency and an
understanding and agreement of roles and incentives by each partner, this step leads to the most
fruitful partnerships.

Conclusion & future perspective
Increasing complexity and innovation paired
with increasing cost constraints point to a need
for partnerships at every step of the continuum
in personalized medicine. In order to develop the
most successful partnerships, companies need to
prepare for this environment by:


Understanding their internal and external
needs all the way through the personalized
medicine continuum, and when partnership
makes sense;

Arming the company with a business development team who can scout the best partners
across the continuum and craft terms amenable
to all parties;

Outlining expectations and milestones
upfront and keeping to those milestones;

Agreeing with and embracing each partner’s
role in the partnership, and fully understanding each partner’s value and return on
investment upfront;

Frequently reviewing partnering options,
being mindful of new technologies, approaches
and deal structures.
The partnership expansion in personalized
medicine will have a significant impact on the
industry – so much so that business development will likely become as important (if not
more important) than any other function within
a company developing a companion therapeutic,
a companion diagnostic or a standalone personalized medicine diagnostic. The most successful
companies in the next 5 years will be those that
embrace this trend and prioritize the above steps
in order to capitalize on this new paradigm.
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Executive summary
Discovery
 We are entering an era of personalized medicine with unprecedented complexity.
Development
 Therapeutic targets, biomarker detection technologies, regulatory and reimbursement pathways, and commercialization strategies have
all reached a new level of intricacy, countered by a challenging economic environment.
Commercialization
 Partnerships allow access to critical expertise from the outside and ability to avoid large internal investment.
Return on investment
 Aligning partner incentives backed by strong scientific, clinical, logistical and economical data is critical for partnerships to thrive in the
evolving global landscape.
Conclusion & future perspective
 Only companies that truly embrace the partnership trend and adopt a collaborative approach will emerge successful.

394

Personalized Medicine (2013) 10(4)

future science group

Combating complexity: partnerships in personalized medicine

References

12

Papers of special note have been highlighted as:
n of interest
1

Corbett MF. The Outsourcing Revolution: Why
it Makes Sense and How to Do it Right.
Dearborn Trade Publishing, IL, USA (2004).

2

Kutscher B. Expertise on call: annual
outsourcing report shows providers of all sizes
continue to pursue arrangements that offer
savings for their revenue-strapped operations.
Mod. Healthc. 42(36), 20, 22, 24–27 (2012).

3

n

4

Pao W, Hutchinson KE. Chipping away at
the lung cancer genome. Nat. Med. 18(3),
349–351 (2012).
Illustrates the encouraging progress being
made in genomic characterization of one of
the most common tumor types.
Ciftlik AT, Lehr HA, Gijs MA. Microfluidic
processor allows rapid HER2
immunohistochemistry of breast carcinomas
and significantly reduces ambiguous (2+)
read-outs. Proc. Natl Acad. Sci. USA 110(14),
5363–5368 (2013).

5

Vo BT, Morton D, Komaragiri S, Millena
AC, Leath C, Khan SA. TGF-b effects on
prostate cancer cell migration and invasion
are mediated by PGE2 through activation
ofPI3K/AKT/mTOR pathway. Endocrinology
154(5), 1768–1779 (2013).

6

Jang S, Atkins MB. Which drug, and when,
for patients with BRAF-mutant melanoma?
Lancet Oncol. 14(2), e60–e69 (2013).

7

Chen G, Noor A, Kronenberger P, Teugels E,
Umelo IA, De Grève J. Synergistic effect of
afatinib with su11274 in non-small cell lung
cancer cells resistant to gefitinib or erlotinib.
PLoS ONE 8(3), e59708 (2013).

8

9

10

11

Zhang YJ, Gallis B, Taya M, Wang S, Ho RJ,
Sasaki T. pH-responsive artemisinin
derivatives and lipid nanoparticle
formulations inhibit growth of breast cancer
cells in vitro and induce down-regulation of
HER family members. PLoS ONE 8(3),
e59086 (2013).
Zitvogel L, Kroemer G. Targeting
PD-1/PD-L1 interactions for cancer
immunotherapy. Oncoimmunology 1(8),
1223–1225 (2012).
Kubo N, Wu D, Yoshihara Y, Sang M,
Nakagawara A, Ozaki T. Co-chaperon
DnaJC7/TPR2 enhances p53 stability and
activity through blocking the complex
formation between p53 and MDM2. Biochem.
Biophys. Res. Commun. 430(3), 1034–1039
(2013).
Li W, Tsen F, Sahu D, Bhatia A, Chen M,
Multhoff G, Woodley DT. Extracellular
Hsp90 (eHsp90) as the actual target in
clinical trials: intentionally or unintentionally.
Int. Rev. Cell Mol. Biol. 303, 203–235 (2013).

future science group

Kampa-Schittenhelm KM, Heinrich MC,
Akmut F, Döhner H, Döhner K,
Schittenhelm MM. Quizartinib (AC220) is a
potent second generation class III tyrosine
kinase inhibitor that displays a distinct
inhibition profile against mutant-FLT3,
-PDGFRA and -KIT isoforms. Mol. Cancer
12(1), 19 (2013).

13

Goncalves R, Bose R. Using multigene tests
to select treatment for early-stage breast
cancer. J. Natl Compr. Canc. Netw. 11(2),
174–182 (2013).

14

Dias MM, McKinnon RA, Sorich MJ. Impact
of the UGT1A1*28 allele on response to
irinotecan: a systematic review and meta-ana
lysis. Pharmacogenomics 13(8), 889–899
(2012).

15

Gerrard G, Mudge K, Foskett P et al. Fastmode duplex qPCR for BCR–ABL1 molecular
monitoring: innovation, automation, and
harmonization. Am. J. Hematol. 87(7),
717–720 (2012).

16

Carlson JJ, Sullivan SD, Garrison LP,
Neumann PJ, Veenstra DL. Linking payment
to health outcomes: a taxonomy and
examination of performance-based
reimbursement schemes between healthcare
payers and manufacturers. Health Policy
96(3), 179–190 (2010).

n

17

n

Highlights forward-thinking managed entry
schemes for novel personalized medicine
products.
Hornberger J, Chien R, Krebs K, Hochheiser
L. US insurance program’s experience with a
multigene assay for early-stage breast cancer.
Am. J. Manag. Care 17(5), e194–e202 (2011).
Influential example of how system economic
justification for premium-priced diagnostics
can be further validated through partnership
with managed care to generate real-world
cost utility data.

www.nsf.gov/statistics/showpub.
cfm?TopID=8&SubID=44
105 Boroush M. US R&D spending resumes

growth in 2010 and 2011 but still lags behind
the pace of expansion of the national economy
(2011).
www.nsf.gov/statistics/infbrief/nsf13313
106 Life Technologies Corporation. Life

technologies to partner with Bristol-Myers
Squibb for companion diagnostics
development (2012).
www.lifetechnologies.com/us/en/home/
about-us/news-gallery/press-releases/2012/
life-techologies-to-parter-with-bristol-myerssquibb-for-compaio.html
107 US FDA. Draft guidance for industry and

food and drug administration staff: in vitro
companion diagnostic devices (2011).
www.fda.gov/downloads/MedicalDevices/
DeviceRegulationandGuidance/
GuidanceDocuments/UCM262327.pdf
108 Kahan JS, Tiedy-Stevenson SD, Payne KH.

Medical Device Alert, Hogan Lovells. FDA
issues draft guidance regarding in vitro
companion diagnostic devices, an area of
device regulation marked by ambiguity
(2011).
http://emailcc.com/rv/ff000212b94d8734bc1
ed6e81748947b3ab99cee
109 Personalized Medicine Coalition.

Personalized medicine: an introduction.
www.personalizedmedicinecoalition.org/sites/
default/files/personalmed_backgrounder.pdf
110 Health Advances analysis of Strategic

Transactions – Deal Intelligence Database.
Elsevier Business Intelligence (CT, USA)
(2013).
www.elsevierbi.com
111 PrimeraDx. PrimeraDx announces

commencement of product development
collaboration with Eli Lilly and Company
(2012).
http://primeradx.com/news_events/press_
releases/primeradx_announces_
commencement_of_product_development_
collaboration_with_eli_lilly_and_company


Websites
101 Health Advances analysis of Pharmaprojects:

pharmaceutical R&D pipeline intelligence.
Informa UK Ltd, London, UK (2011).
www.citeline.com

112 Health Advances analysis of NCCN

guidelines.
www.nccn.org

102 My Cancer Genome. Molecular profiling of

lung cancer (2013).
www.mycancergenome.org/content/disease/
lung-cancer

113 Response Genetics (2013).

www.responsegenetics.com
114 Gustavsen G, Phillips K, Pothier K. Health

Advances, BIO. The reimbursement
landscape for novel diagnostics (2011).
www.healthadvances.com/pdf/novel_diag_
reimbursement.pdf

103 Bonislawski A (Ed.). ProteoMonitor,

GenomeWeb. Biodesix inks deal to test
VeriStrat in Phase III clinical trial for
Kadmon lung cancer drug (2012).
www.genomeweb.com/proteomics/biodesixinks-deal-test-veristrat-phase-iii-clinical-trialkadmon-lung-cancer-dr
104 National Science Foundation. National

patterns of R&D resources (2009).

www.futuremedicine.com

Perspective

n

Detailed synopsis of the current limitations
of the US reimbursement system and its
effects on investment, development and
access to personalized medicine diagnostics.

395

Perspective

Pothier & Gustavsen

115 Quinn B. Foley Hoag LLP. The tempest

continues, fee schedules in collision: Medicare
and genomic tests prepare (2012).
www.foleyhoag.com/NewsCenter/
Publications/eBooks/The-TempestContinues-Fee-Schedules-in-Collision.aspx
n

Update on the current reimbursement
environment of molecular diagnostics and
the ongoing changes occurring at the
Centers for Medicare and Medicaid Services
and the clinical laboratory fee schedule.

116 Pollack A. The New York Times. Pricing pills

by results (2007).
www.nytimes.com/2007/07/14/
business/14drugprice.
html?pagewanted=all&_r=0

396

117 Watson P. Oncology Business Review. Risk-

sharing schemes in oncology: future or fad
(2010).
www.oncbiz.com/documents/OBR_
MAR10_RS(1).pdf
118 Gustavsen G, Health Advances, Pothier K.

Health Advances in vivo. How to earn the
economic payback diagnostics companies
deserve (2009).
www.elsevierbi.com/publications/invivo/27/3/how-to-earn-the-economicpayback-diagnostics-companies-deserve
119 Business Wire. Genzyme and Veracyte

announce global co-promotion agreement to
deliver personalized solution for thyroid
patients (2012).

Personalized Medicine (2013) 10(4)

www.businesswire.com/news/
home/20120120005363/en/GenzymeVeracyte-Announce-Global-Co-PromotionAgreement-Deliver
120 PR Newswire. Unilabs brings novel genomic

test to breast cancer patients (2012).
www.prnewswire.co.uk/news-releases/
Unilabs-brings-novel-genomic-test-to-breastcancer-patients-173651211.html
121 MolecularHealth. SAP and MolecularHealth

join forces to shape the future of personalized
cancer treatment (2012).
www.molecularhealth.com/press-releases/
sap-and-molecularhealth-join-forces-to-shapethe-future-of-personlized-cancertreatment/#more-940

future science group

