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ABSTRACT

Personalized medicine (PM) aims to harness a wave of ‘omics’ discover-
ies to facilitate research and discovery of targeted diagnostics and therapies
and increase the efficiency of healthcare systems by predicting and treat-
ing individual predispositions to diseases or conditions. Despite significant
investment, limited progress has been made bringing PM to market. We de-
scribe the major perceived regulatory, intellectual property, and reimburse-
ment challenges to the development, translation, adoption, and implemen-
tation of PM products into clinical care. We conducted a scoping review
to identify (i) primary challenges for the development and implementation
of PM identified in the academic literature; (ii) solutions proposed in the
academic literature to address these challenges; and (iii) gaps that exist in
that literature. We identified regulatory barriers to PM development and
recommendations in 344 academic papers. Regulatory uncertainty was a
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cross-cutting theme that appeared in conjunction with other themes includ-
ing: reimbursement; clinical trial regulation; regulation of co-development;
unclear evidentiary requirements; insufficient incentives for research and
development; incompatible information systems; and different regulation
of different diagnostics. To fully realize the benefits of PM for healthcare
systems and patients, regulatory, intellectual property, and reimbursement
challenges need to be addressed in lock step with scientific advances.

KEYWORDS: personalized medicine, precision medicine, device regula-
tion, drug regulation, ‘omics’, diagnostics, biomarkers, intellectual property,
reimbursement

INTRODUCTION

Personalized medicine (PM)! aims to harness a wave of ‘omics’ discoveries to tailor
drug choices, dosages, and interventions to the biology of individual patients. Its goals
are to target better healthcare, facilitate research and discovery of diagnostics and ther-
apies, and predict individual predispositions to diseases or conditions.® The Precision
Medicine Initiative (PMI),* announced by President Obama in January 2015 to ‘en-
able a new era of medicine through research, technology and policies that empower
patients researchers and providers to work together toward development of individu-
alized care’, fits within this broad definition of PM. The term precision medicine, how-
ever, is more mechanistic: its goal is to integrate individual-level molecular and clinical
data to develop a more accurate taxonomy of diseases to enhance diagnosis, treatment,
and disease management.®

The promise of PM is both therapeutic and economic. Many countries have invested
financial, human, and infrastructure resources into the development and delivery of
PM, hoping to provide better, more individualized healthcare and to use healthcare dol-
lars more efficiently. High-throughput sequencing and bioinformatics infrastructure

1" Other terms associated and often used interchangeably with personalized medicine include individu-

alized medicine, molecular medicine, personalized genomic/genetic medicine, stratified medicine, tai-
lored therapeutics, targeted therapeutics; What is Personalized Medicine, PACEOMICS, http://paceomics.org/
index.php/issues/ (accessed Aug. 2, 2016). Each of these terms has a slightly different meaning. A useful tax-
onomy of the terms, along with their definitions and first usages, is provided in Anna Pokorska-Bocci et al.,,
‘Personalized Medicine’: What's in a name?, 11 PERS. MED. 197, 199-200 (2014). Despite the announcement
of President Obama’s Precision Medicine Initiative, which likely increased the global usage of the term ‘Preci-
sion Medicine’, we used personalized medicine at the time we conducted the searches for our scoping review.
2 ““Omics” is a term encompassing multiple molecular disciplines that involve the characterization of global
sets of biological molecules such as DNAs, RNAs, proteins, and metabolites’. COMMITTEE ON THE REVIEW
OF OMICS-BASED TESTS FOR PREDICTING PATIENT OUTCOMES IN CLINICAL TRIALS, INSTITUTE OF MEDICINE
(U.S.), EVOLUTION OF TRANSLATIONAL OMICS: LESSONS LEARNED AND THE PATH FORWARD 1, 1 (Christine
M. Micheel, Sharyl J. Nass & Gilbert S. Omenn eds., Nat'l Academies Press 2012).
Edward Abrahams et al., The Personalized Medicine Coalition: Goals and Strategies, S AM. J. PHARMACOGE-
NOMICS 345, 345 (2005); Robert Langreth & Michael Waldholz, New Era of Personalized Medicine: Targeting
Drugs for Each Unique Genetic Profile, 4 ONCOLOGIST 426, 426 (1999).
The Precision Medicine Initiative includes multiple components with efforts from the federal government
and was budgeted at $215 million in the fiscal year of 2016 by the President. NIH will lead efforts in can-
cer genomics, as well as the development of the large research participant cohort consisting of over one mil-
lion participants; White House, FACT SHEET: President Obama’s Precision Medicine Initiative, https:/ /www.
whitehouse.gov/the-press-office/2015/01/30/fact-sheet-president-obama-s-precision-medicine-initiative.
COMMITTEE ON A FRAMEWORK FOR DEVELOPING A NEW TAXONOMY OF DISEASE, NATIONAL RESEARCH COUNCIL
(U.S.), TOWARD PRECISION MEDICINE: BUILDING A KNOWLEDGE NETWORK FOR BIOMEDICAL RESEARCH AND A
NEw TAXONOMY OF DISEASE, 12 (Steve Olson ed., Nat'l Academies Press 2011).


http://paceomics.org/index.php/issues/
http://paceomics.org/index.php/issues/
https://www.whitehouse.gov/the-press-office/2015/01/30/fact-sheet-president-obama-s-precision-medicine-initiative
https://www.whitehouse.gov/the-press-office/2015/01/30/fact-sheet-president-obama-s-precision-medicine-initiative
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are facilitating PM research and development (R&D). However, while infrastructure
costs are rapidly decreasing, human capacity to interpret and clinically apply ‘omics’
results remains a costly barrier to the widespread implementation of PM.°

A further goal of PM is to reinvigorate stagnating therapeutic R&D.” Despite sub-
stantial increases in R&D investments to US$50 billion per year, the number of new
drugs approved annually in the USA has remained constant over the past 60 years.®
The high cost of many new therapies is in part driven by the cost of failures in clinical
development: only 15.3% of drugs traverse the pipeline from phase I to market autho-
rization for lead indications, a percentage that drops to 10.4% for all indications.” The
greatest rate of failure occurs due to a lack of evidence of efficacy in phase II. Specifi-
cally, for cancer R&D, a key target for PM, billions of dollars of investment have pro-
duced median gains in progression-free survival of only 2.1 months and median gains in
overall survival of only 2.5 months for new cancer drugs developed between 2002 and
2014.1 PM promises to improve the current R&D environment with a more targeted
approach. It will refine our understanding of disease taxonomy and thereby enable us
to design clinical trials that enroll participants more likely to benefit from experimental
interventions. This promises to improve efficacy and thus decrease clinical trial failure
rates.

Despite significant investment, limited progress has been made to date in bring-
ing PM products to the market."" While there have been some successes in precision
medicine, notably in the field of oncology, its products are not currently in use for most
diseases.'* Challenges to progress in PM are both scientific and non-scientific. This pa-
per focuses on the latter: we detail the major perceived non-science barriers to the cre-
ation, translation, and introduction of PM products into clinical care. We focus espe-
cially on those challenges that exist in the regulatory approvals arena, such as clinical
trial design, the legal environment that impacts incentives for PM R&D, and the regu-
lations that impact reimbursement of medical therapies, for example, a requirement for
evidence of clinical utility. Despite harmonized rules for regular pharmaceutical clinical
trials in the International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH),"? a significant challenge to the

¢ William G. Feero, Clinical Application of Whole-Genome Sequencing: Proceed with Care, 311 J. AM. MED. ASS'N

1017,1018 (2014).

Matthew Avery, Personalized Medicine and Rescuing Unsafe Drugs with Pharmacogenomics: A Regulatory Per-
spective, 65 FOoD & DRUG L. J. 37, 41 (2010).

Bernard Munos, Lessons from 60 Years of Pharmaceutical Innovation, 8 NAT. REv. DRUG Discov. 959, 961
(2009).

Michael Hay et al., Clinical Development Success Rates for Investigational Drugs, 32 NAT. BIOTECHNOL. 40, 41
(2014).

Tito Fojo et al, Unintended Consequences of Expensive Cancer Therapeutics—The Pursuit of Marginal
Indications and a Me-Too Mentality That Stifles Innovation and Creativity: The John Conley Lecture, 140 JAMA
OTOLARYNGOL. HEAD & NECK SURG. 1225, 1225 (2014).

11" The FDA approved a total of 22 therapeutics with companion diagnostic tests that are ‘essential for the ther-
apeutic product’s safe and effective use’. Thirty-six products defined by their parent companies as companion
diagnostics are marketed in the EU with approval.

National Health Institute, About the Precision Medicine Initiative Cohort Program, https://www.nih.gov/
precision-medicine-initiative-cohort-program (accessed July 20, 2016).

ICH HARMONISED TRIPARTITE GUIDELINE: GUIDELINE FOR GOOD CLINICAL PRACTICE E6(R1) (June 10,
1996), http:// www.ich.org/fileadmin/Public_-Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_
Guideline.pdf.


https://www.nih.gov/precision-medicine-initiative-cohort-program
https://www.nih.gov/precision-medicine-initiative-cohort-program
http://www.ich.org/fileadmin/Public_Webprotect unhbox voidb@x kern .06emvbox {hrule width.3em}Site/ICHprotect unhbox voidb@x kern .06emvbox {hrule width.3em}Products/Guidelines/Efficacy/E6/E6protect unhbox voidb@x kern .06emvbox {hrule width.3em}R1protect unhbox voidb@x kern .06emvbox {hrule width.3em}Guideline.pdf
http://www.ich.org/fileadmin/Public_Webprotect unhbox voidb@x kern .06emvbox {hrule width.3em}Site/ICHprotect unhbox voidb@x kern .06emvbox {hrule width.3em}Products/Guidelines/Efficacy/E6/E6protect unhbox voidb@x kern .06emvbox {hrule width.3em}R1protect unhbox voidb@x kern .06emvbox {hrule width.3em}Guideline.pdf
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international adoption of PM products is alack of internationally accepted best practice
standards, coupled with a lack of clear evidentiary standards for regulatory approval or
reimbursement (in health insurance schemes). Existing standards are not harmonized
across jurisdictions to facilitate cross-border movement or adoption of PM products. In
large part, this reflects the confusion or inadequacy of regulatory and practice standards
for PM within national borders.

Even though our research was international in scope, in this paper we focus on reg-
ulation of PM in the USA. This focus reflects the dominance in medical research with
respect to funding and volume in that country. For example, President Obama’s am-
bitious PMI includes the PMI Cohort Program, renamed under the current adminis-
tration to All of Us, which will collect health and biospecimen data from over a million
volunteers to facilitate research on individual variations in genetics, lifestyle, and envi-
ronment. This research should facilitate delivery on the promise of PM. Furthermore,
developments in the USA influence global norms for human subjects research through
the ICH; and most PM products will seek approvals from the US Federal Drug Admin-
istration (FDA).'* Finally, there is considerable political will'® to create regulatory and
policy incentives, including regulatory pathways to facilitate the introduction of PM
products into American healthcare markets.

RESEARCH QUESTION AND METHODS

We used a scoping review to answer the following research questions: (i) What are the
primary legal and regulatory challenges for the development and implementation of
PM identified in the academic literature? and (ii) What solutions have been proposed
in the academic literature to address these challenges? A scoping review provides a sys-
tematic overview of the type, extent, and quantity (but not the quality) of literature
in a given research field.'® It also provides a mechanism to summarize and dissemi-
nate research findings to policy makers, practitioners, and consumers. We adapted the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA State-
t'7 to report the flow of information through the different phases of our scoping
review (Figure 1).

We defined PM as seeking ‘to improve stratification and timing of healthcare by uti-
lizing biological information and biomarkers on the level of molecular disease path-
ways, genetics, proteomics as well as metabolomics’.'® We defined barrier as a regula-
tory structure identified by the study author as an impediment to PM development. We
identified recommendations by looking for ‘ought’ statements about how regulatory

men

4 Rumiko Shimazawa & Masayuki Ikeda, Are There Any Differences in the Regulations of Personalized Medicine

Among the USA, EU and Japan?, 75 BRIT. J. CLIN. PHARMACOL. 1365, 1365 (2013).
IS President Barack Obama, Remarks at the East Room of the White House (Jan. 30, 2015) (tran-
script https://www.whitehouse.gov/the-press-office/2015/01/30/remarks-president-precision-medicine);
Julie Steenhuysen, NIH Takes Next Steps in Obama’s Precision Medicine Plan, REUTERS (Sept. 17, 2015),
http://www.reuters.com/article/2015/09/17 /us-health-precisionmedicine-idUSKCNORH2K?720150917
16 Hilary Arksey & Lisa O’Malley, Scoping Studies: Towards a Methodological Framework, 8 INT’L J. SOC. REs.
METHODOL. 19, 20 (2005).
17 David Moher et al, Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement, 6 PLos MED. (July 21, 2009), http://journals.plos.org/plosmedicine/article?id=10.1371/
journal.pmed.1000097#s9
Sebastian Schleidgen et al., What is Personalized Medicine: Sharpening a Vague Term Based on a Systematic
Literature Review, 14 BMC MED. ETHICS S5, 64 (2013).


https://www.whitehouse.gov/the-press-office/2015/01/30/remarks-president-precision-medicine
http://www.reuters.com/article/2015/09/17/us-health-precisionmedicine-idUSKCN0RH2K720150917
http://journals.plos.org/plosmedicine/article?idprotect $
elax =$10.1371/journal.pmed.1000097#s9
http://journals.plos.org/plosmedicine/article?idprotect $
elax =$10.1371/journal.pmed.1000097#s9

Paving the road to personalized medicine « 457

= .
£ 4182 records 862 additional 260 Pubmed
] < y records identified in
= identified through technology-specific updates from after
= database searching Sept 2014.
g searches
= !
— 3057 records after
duplicates removed
g
.g l
E 3057 records screened [—» 2227 records
by title and abstract excluded
Y
A
= 486 full-text
2 830 full-text articles [—»| 7 FleX
) assessed for eligibility articles excluded
=
)
.
= -
3 344 of studies included
= in synthesis
E

Figure 1. PRISMA diagram of personalized medicine scoping review
method, illustrating inclusion/exclusion criteria. Adapted from Moher

etal.l’

systems could facilitate PM development. Based on this vocabulary and a list of syn-
onyms for PM, developed with the input of a research librarian, we searched PubMed,
Scopus, and LexisNexis for papers published between January 1,2010 and April 1,2014
(see Appendix). On September 30,2014, the FDA published draft guidelines on a labo-
ratory developed test (LDT) regulatory oversight framework. By then, LDT regulation
had emerged as a topic of interest in our analysis. To capture responses to the proposed
guidelines in the literature, we therefore extended our search period until February 6,
201S. For logistical reasons, we only conducted the extended search in PubMed. We
imported all search results into Endnote 7 and removed duplicates. Of 5304 articles
identified by our initial searches, 3057 remained. In consultation with economic and
legal experts, we developed inclusion and exclusion standards to apply to our search
results. We included English language papers that addressed both our definition of PM
and regulatory challenges/barriers to PM development or proposed solutions to reg-
ulatory challenges/barriers to PM development. We included papers written on the
regulatory systems affecting PM development in the European Union (EU), the USA,
Canada, Japan, Singapore, and China.

Two researchers, WL and a research assistant, evaluated the titles and abstracts of
search results for inclusion in the analysis. To ensure validity, the two researchers eval-
uated the same subset of titles and articles, and then compared their results. We cal-
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culated a kappa score, a standard measure for intercoder reliability, of >0.9, indicat-
ing consistent application of the inclusion and exclusion criteria.'” Eight hundred and
thirty articles met our inclusion criteria. We retrieved full texts versions of these 830
articles, and two researchers (WL and LK) re-applied the inclusion and exclusion crite-
ria to the full papers. They independently reviewed the same papers, representing 10%
of the total dataset, and met to compare findings. Discrepancies were resolved through
discussion to consensus. The authors then independently reviewed the remaining 746
papers for inclusion in the study, resulting in 344 articles that met our inclusion criteria.

We used NVivo'?, a qualitative analysis software package, to assign relevant text
from these 344 articles to subthemes and to organize subthemes into main themes.
We constructed separate categories for barriers and recommendations. Using an in-
ductive approach, WL and LK based their initial subthemes on the article text. We then
organized these subthemes into main themes that minimized redundancy and overlap
without losing important nuance. WL and LK assigned text to subthemes and main
themes based on consensus discussion. When new subthemes emerged, we re-checked
already analysed articles to apply the new subthemes. This iterative process is known
in qualitative research as the constant comparison method.”” We then summarized the
features of the subthemes and main themes and provided these to experts in law and
economics. We asked these experts to contextualize the barriers and recommended so-
lutions we identified. This paper summarizes the themes for challenges and associated
recommendations. Note that due to the time-consuming nature ofa scoping review,
we have added updated discussion of articles from targeted searches conducted after
February 6, 2015.

OVERCOMING CHALLENGES FOR THE DEVELOPMENT AND
IMPLEMENTATION OF PM

We identified eight main themes in our set of 344 articles related to challenges for the
development and implementation of PM.>! These themes were unevenly represented
across the literature set. Of the 344 articles, 40.1% discussed regulatory uncertainty;
25.3% discussed reimbursement; 20.1% discussed clinical trial regulations and design;
17.7% discussed regulations for co-development of pharmaceuticals and companion
diagnostics (CDx); 16.0% discussed conflicting and unclear evidentiary standards in
regulations; 14.0% discussed lack of or ineffective legal incentives for PM R&D; 12.5%
discussed problematic or incompatible information systems and privacy concerns; and
11.3% discussed regulation of LDTs and direct-to-consumer (DTC) genetic tests.
Table 1 lists the acronyms used in our discussion.

Regulatory uncertainty was the most discussed challenge for PM R&D and imple-
mentation. This was not surprising given that governments and healthcare systems were
developing new regulations, guidance documents, and regulatory initiatives for PM. Be-
cause regulatory uncertainty was a cross-cutting theme, we discuss it in the context of
each of the other themes, rather than in a stand-alone section. However, the key issue
was that existing regulations appeared to be inapplicable to PM and suffered from a
lack of harmonization, and thus interfered with PM development. Regulatory reform,

1 MaryL. McHugh, Interrater Reliability: The Kappa Statistic, 22 BIOCHEM. MED. 276, 279 (2012).
20 KatHY CHARMAZ, CONSTRUCTING GROUNDED THEORY 54 (2d ed. 2014).
21 Note that articles could discuss more than one main theme.
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Table 1. List of acronyms.
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Acronym  Term

CDx Companion diagnostics

CER Comparative effectiveness research

CLIA Clinical Laboratories Improvement Amendments

CMS Center for Medicare and Medicaid Services

DTC Direct to consumer

EHR Electronic health records

EU European Union

FDA Food and Drug Administration

FTC Federal Trade Commission

GINA Genetic Information Non-Discrimination Act

HIPAA Health Insurance Portability and Accountability Act

HTA Health technology assessment

ICH International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use

IND Investigational New Drug Application

IRB Institutional review board

LDT Laboratory developed test

NIH National Institutes of Health

ODA Orphan Drug Act

PHI Protected health information

PM Personalized medicine

PMA Premarket approval

PMI Personalized Medicine Initiative

PMR Postmarket research studies

R&D Research and development

RCT Randomized controlled trial

SAE Serious adverse events

SSRD Single subject research design

USA

United States of America
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whether to facilitate PM or to ensure greater safety and harmonization, created a cli-
mate of uncertainty, which created difficulties for research and approvals. There was a
shared view that regulations were in flux, both in terms of frequent changes during the
life cycle of drug or diagnostic development, and in terms of the flexibility with which
those regulations might be applied for different PM products and services. For some
stakeholders, changes to regulations were occurring too quickly,”* while for others a
lack of clarity and transparency in applicable regulations created uncertainty.>®

An exemplar of regulatory reform that generated uncertainty in PM R&D and im-
plementation is the 21st Century Cures Act** (the Act), passed by US Congress on De-
cember 7,2016, and which President Obama signed into effect on December 13, 2016.
The sweeping bipartisan legislation was widely supported by pharmaceutical industry
and medical device manufacturers but was opposed by many consumer protection and
patient safety groups.”® The act provides increased funding of nearly S billion dollars for
biomedical research through the NIH, the PMI, the BRAIN initiative (research into the
human brain), and cancer research (referred to as the Cancer Moonshot).?® Further,
the act provides states with funding for opioid abuse prevention and funding at the fed-
eral level for increased research on and prevention of mental illness.’

Central to the act’s aim of facilitating the adoption of new therapies are controver-
sial provisions that provide incentives for experimental therapies and faster and easier
approvals for innovative drugs and medical devices.”® In particular, the use of patient

22 Stuart Hogarth, Regulatory Experiments and Transnational Networks: The Governance of Pharmacogenomics in

Europe and the United States, 25 INNOVATION: EUR. J. SOC. SCL. 441, 452 (2012); James Mittra & Joyce Tait,
Analysing Stratified Medicine Business Models and Value Systems: Innovation-Regulation Interactions, 29 NEW
BIOTECHNOL. 709, 717 (2012); Kate Traynor, Targeted Drug Therapy Remains a Challenge, 68 AM. J. HEALTH-
Sys. PHARMACY 2320, 2324 (2011).

James P. Evans & Michael S. Watson, Genetic Testing and FDA Regulation Overregulation Threatens the Emer-
gence of Genomic Medicine, 313 J. AM. MED. AsS'N 669, 669 (2015); John D. Johnston & Peter Feldschreiber,
Challenges Posed to the European Pharmaceutical Regulatory System by Highly Personalized Medicines, 77 BRIT.
J. CLIN. PHARMACOL. 421, 425 (2014); Kelly A. McClellan et al., Personalized Medicine and Access to Health
Care: Potential for Inequitable Access?, 21 EUR. J. HUM. GENET. 143, 145 (2013); Jessica E. Palmer, Genetic
Gatekeepers: Regulating Direct-to-Consumer Genomic Services in an Era of Participatory Medicine, 67 Foob &
DRUG L.J. 475, 494 (2012); M. Pirmohamed, Acceptance of Biomarker-Based Tests for Application in Clini-
cal Practice: Criteria and Obstacles, 88 CLIN. PHARMACOL. & THER. 862, 865 (2010); Randy J. Prebula, The
Promise and Personalized Medicine: Regulatory Controls and Tort Influences in the Context of Personalized Risks
and Benefits, 26 J. CONTEMP. HEALTH L. & POL'Y 343, 367 (2010); Agnese Querci, Advanced Therapy Medicinal
Products: The Regulation 1394/2007/CE, its Inurement in Italy and Connected Liability Regimes, 12 PHARMA-
CEUTICALS POL'Y & L. 259, 265 (2010); Rashmi R. Shah & Devron R. Shah, Personalized Medicine: Is it a Phar-
macogenetic Mirage?, 74 BRIT. J. CLIN. PHARMACOL. 698, 710 (2012); L. Shahmirzadi et al., Patient Decisions
for Disclosure of Secondary Findings Among the First 200 Individuals Undergoing Clinical Diagnostic Exome Se-
quencing, 16 GENET. MED. 395, 396 (2014); Kayte Spector-Bagdady & Elizabeth Pike, Consuming Genomics:
Regulating Direct-to-Consumer Genetic and Genomic Information, 92 NEB. L. REv. 677, 731 (2014); Thomas
Tursz & Rene Bernards, Hurdles on the Road to Personalized Medicine, 9 MoL. ONCOL. 935, 937 (2015);
A. W. Warner et al.,, Challenges in Obtaining Adequate Genetic Sample Sets in Clinical Trials: The Perspective
of the Industry Pharmacogenomics Working Group, 89 CLIN. PHARMACOL. & THER. 529, 532 (2010).

24 21st Century Cures Act, H.R. 34, 114th Cong. (2015).
25

23

Mike DeBonis, Congress Passes 21" Century Cures Act, Boosting Research and Easing Drug Approvals, THE
WASHINGTON  PosT, Dec. 7, 2016, https://www.washingtonpost.com/news/powerpost/wp/2016/12/
07/congress-passes-21st-century-cures-act-boosting-research-and-easing-drug-approvals/ 2utm_term=.
453cd4204838.

26 H.R.34,§1001.

27" H.R.34,§1003.

% HR 34


https://www.washingtonpost.com/news/powerpost/wp/2016/12/07/congress-passes-21st-century-cures-act-boosting-research-and-easing-drug-approvals/?utm_term=.453cd4204838
https://www.washingtonpost.com/news/powerpost/wp/2016/12/07/congress-passes-21st-century-cures-act-boosting-research-and-easing-drug-approvals/?utm_term=.453cd4204838
https://www.washingtonpost.com/news/powerpost/wp/2016/12/07/congress-passes-21st-century-cures-act-boosting-research-and-easing-drug-approvals/?utm_term=.453cd4204838
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experience data and ‘real-world evidence’ (including clinical experience data) in the
approvals process, in addition to the standard data from randomized clinical trials, has
raised concerns.?’ Primary among these concerns is that the loosening of evidentiary
requirements for FDA approval will come at the cost of patient safety.>

The act also facilitates a review pathway for biomarkers and other tools (such as an-
imal model research) that help facilitate the development of new drugs.?' It provides
regulatory clarity on the best path for approvals of combination products.>* The FDA
has been directed to publish guidance on novel or adaptive clinical trial designs to ease
burdens on companies submitting applications for approvals.*

The ripple effects of broader regulatory changes also generate uncertainty for PM
R&D and implementation by compounding the effects of other regulatory changes.
Under the current administration of President Trump, the implementation of the 21st
Century Cures Act faces uncertainty given both a hiring freeze for federal employees
that will make it difficult for the FDA to hire the technicians and staff necessary to un-
dertake the work of the act.>* Additionally, in an effort to eliminate much of the federal
regulatory bureaucracy, President Trump signed an executive order requiring the elim-
ination of two regulations for each new regulation passed.® The order also applies to
federal guidances of the kind used by the FDA to explain how companies can meet the
requirements of the agency. To implement the act, the FDA would have to pass a num-
ber of regulations and publish several guidances. It remains unclear, therefore, whether
President Trump will exempt the FDA from the executive order so that it can imple-
ment the act.

Further, the Trump administration has proposed cutting the budget of the NIH by
approximately 18%, which puts in jeopardy research programs such as the Cancer Re-
search Moonshot, and substance abuse (opioid abuse) programs.*® In addition, the
majority of the spending in the act was to have come from the Prevention and Public
Health Fund, created under the Affordable Care Act (ACA).>” With legislation pro-
posed to repeal the ACA before the Senate at the time of writing, ** it is unclear what
impact such a repeal might have on the implementation of the act. What is clear is that
both funding and implementation of the FDA initiatives and other biomedical research
programs of the 21st Century Cures Act face increased uncertainty and delays in im-
plementation.

In an environment of significant regulatory change, regulatory uncertainty is a bar-
rier to realizing the potential of PM. PM developers weigh the risks posed by regulatory
uncertainty when investing in PM R&D. And regulatory uncertainty hinders the imple-
mentation of PM, delaying potential benefits of PM to patients and healthcare systems.

29 H.R. 34, §3001.

30" Debonis, supra note 25.

31 HR 34,§3011.

32 H.R.34,§3038.

3 HR 34,§3021.

3% US Office of Management and Budget. M-17-22, Comprehensive Plan for Reforming the Federal Government
and Reducing the Federal Civilian Workforce (Apr. 12,2017).

35 Exec. Order No. 13771, 82 Fed. Reg. 9339 (Jan. 30, 2017).

% Id.

37 US OFFICE OF MANAGEMENT AND BUDGET, BUDGET OF THE U.S. GOVERNMENT: A NEW FOUNDATION FOR
AMERICAN GREATNESS. FISCAL YEAR 2018 (2017).

38 Better Care Reconciliation Act of 2017. H.R. 1628. 115th Cong. (2017).
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Specific recommendations for creating certainty and clarity in specific regulatory areas
are embedded in the sections below.

Challenge: Clinical Trials
Randomized controlled trials (RCTs) provide the evidentiary gold standard of safety
and efficacy required for regulatory approvals in most jurisdictions, with some excep-
tions for rare diseases.’” While differences exist, jurisdictions such as the USA, EU,*
and Canada*' require similar evidence of safety and efficacy to satisfy regulators. While
clinical trials are necessary to ensure patient safety, numerous commentators posited
that they created a significant barrier to the timely and efficient translation of research
to therapy,** especially in the area of PM. There is a profound tension between the goals
of PM to provide stratified, smaller populations of patients with tailored therapies and

3% US. Food & Drug Administration, FDA and Clinical Drug Trials: A Short History, http://www.fda.gov/
AboutFDA/WhatWeDo/History/Overviews/ucm304485.htm (accessed Apr. 11,2016).

40" In the EU, medicinal products may only be marketed after receiving marketing authorization from the Union
through the centralized market authorization process or from a competent authority in a member state. Cer-
tain medicines (medicines for the treatment of HIV/AIDS, cancer, diabetes, neurodegenerative diseases,
autoimmune and other immune dysfunctions, and viral diseases; medicines derived from biotechnology
processes; advanced-therapy medicines, including gene-therapy, somatic cell-therapy or tissue-engineered
medicines; orphan medicines) must be approved through a centralized marketing authorization applica-
tion. Other medicines (new active substances not authorized in the European Community before May 20,
2004; medicinal products that contribute significant therapeutic, scientific, or technical innovation or are
in the interests of patient health; generic copies of centrally authorized products) can be approved through
the centralized approval procedure, or can be approved through national marketing authorizations and mu-
tual recognition procedures. Through the centralized marketing procedure, companies submit their applica-
tion to the EMA. The EMA strongly encourages prospective applicants to schedule a presubmission meet-
ing to obtain regulatory, procedural, and legal advice. Once the application is submitted, it is subject to a
scientific evaluation and after consultation with the Standing Committee for Medicinal Products for Hu-
man Use, the European Commission may grant a market authorization for the product. Applications sub-
mitted to a reference member state must include a draft assessment report, summary of product character-
istics (SmPC), labeling and package leaflet. Identical applications must also be sent to concerned member
state(s). If the national application is successful, a harmonized marketing approval will be issued in the ref-
erence member state and concerned member state(s). The regulatory agency involved may seek additional
information or clarity from the sponsor during the application process, Eudralex - Volume 2 - Pharmaceu-
tical Legislation Notice to Applicants and Regulatory Guidelines Medicinal Products for Human Use, EUROPA,
http://ec.europa.eu/health/documents/eudralex/vol-2/index_en.htm (accessed July 29, 2016).

Prior to filling out an application for a New Drug Submission, sponsors can submit a presubmission
package and meet with the Health Canada review staff to discuss the presentation of the data in sup-

41

port of the submission. After submission, Health Canada may issue a Clarification Request to expand
on, add precision, or re-analyze existing data, or a Notice of Noncompliance if the submission is defi-
cient. The sponsor has these opportunities to submit the necessary additional information in order to
complete their application. Health Canada issues a notice of compliance for successful applications,
indicating that the product has met Health Canada’s requirements for safety, efficacy and quality;
Guidance for Industry Management of Drug Submissions, HEALTH CANADA, http://www.hc-sc.gc.ca/
dhp-mps/prodpharma/applic-demande/guide-1d/mgmt-gest/mands_gespd-eng.php (accessed Dec. 19,
2013).

42 Alan Devlin, Systemic Bias in Patent Law, 61 DEPAUL L. Rev. 57, 70 (2011); Anna B. Laakmann, Collapsing
the Distinction Between Experimentation and Treatment in the Regulation of New Drugs, 62 ALA. L. Rgv. 305,
314 (2011); George A. Neyarapally, A Review of Recent Federal Legislative and Policy Initiatives to Enhance the
Development and Evaluation of High Value Drugs in the United States, 14 DEPAUL J. HEALTH CARE L. 503, 510
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standard clinical trial designs, which examine efficacy in a large segment of the general-
izable patient population.*?

Some concerns about clinical trials in the context of PM echoed general concerns
about the regulation of clinical trials expressed by R&D firms in pharmaceutical and
biotechnology sectors, researchers, and patient organizations. These concerns related
to the long timelines (10-15 years) and high costs of clinical trials ($2.87 billion dol-
lars (in 2013 dollars)).** These debates highlighted tensions between the regulatory
process, which legislatively mandated regulators to approve only safe and efficacious
products, and the interests of R&D firms and patients, which wished to bring poten-
tial therapies to market quickly and at lower cost. In the following sections, we expand
on the PM subthemes in the 69 articles that discussed clinical trials, namely expense
and delay (21 articles); uncertainties in the approvals process (13 articles); the use of
biomarkers in clinical trials (17 articles); and clinical trial design (26 articles).

Expense and Delay
Twenty-one articles discussed the time and expense required to generate both the pre-
clinical and clinical data for FDA approval in the USA.* Regulatory requirements drive

43 There are typically four or five phases to clinical testing of a new therapeutic. Phase 0 trials are exploratory

studies with very limited human exposure to the therapeutic. Phase I is a safety trial to identify frequent and
serious adverse events, as well as how the therapeutic is metabolized and excreted. The focus of phase IT is pre-
liminary effectiveness in the specific indication, with continuing collection of safety data and data collection
on short-term adverse events. In phase III, the therapeutic is tested in different populations and at different
dosages, as well as in conjunction with other therapeutics. Phase IV studies, or postmarket surveillance, oc-
cur after the regulator approves the therapeutic for marketing and generate data on safety, eflicacy, and/or
optimal use; Glossary Definition: Phase, CLINICAL TRIALS, https://clinicaltrials.gov/ct2/help/glossary/phase

(accessed July 20, 2016).

Joseph A. DiMasi et al., The Price of Innovation: New Estimates of Drug Development Costs, 22, ]. HEALTH ECON.

151,164-5 (2003); Joseph A. DiMasi, Innovation in the Pharmaceutical Industry: New Estimates of R&zD Costs,

47]. HearrH Econ. 20, 20 (2016).

45 Jonathan J. Darrow, Crowdsourcing Clinical Trials, 98 MINN. L. Rev. 805 (2014); Devlin, supra note 42, at
854; Avery, supra note 7, at 38; Rena Conti et al., Personalized Medicine and Genomics: Challenges and Oppor-
tunities in Assessing Effectiveness, Cost-Effectiveness, and Future Research Priorities, 30 MED. DEC. MAKING 328,
336 (2010); Evans & Watson, supra note 23, at 669; Jennifer S. Geetter, Another Man’s Treasure: The Promise
and Pitfalls of Leveraging Existing Biomedical Assets for Future Use, 4 J. HEALTH & LIFE Sct. 1, 39 (2011); John
Hudson & Marta Orviska, European Attitudes to Gene Therapy and Pharmacogenetics, 16 DRUG D1scov. TODAY
843, 844 (2011); K Ichimaru et al., PMDA’s Challenge to Accelerate Clinical Development and Review of New
Drugs in Japan, 88 CLIN. PHARMACOL. & THER. 454, 454 (2010); Robert Jones & Maria DeSantis, Access to
Targeted Therapies in Renal Cell Cancer, 40 SEMIN. ONCOL. 521, 522 (2013); Gottfried E. Konecny, The Path
to Personalized Medicine in Women’s Cancers: Challenges and Recent Advances, 27 CURR. OPIN. OBSTET. & Gy-
NECOL. 45, 46 (2015); Laakmann, supra note 42, at 314; Janet L. MacPherson & John E.J. Rasko, Cellular
Therapy in the Asia-Pacific Region. A Guide for the Future Pathologist, 43 PATHOLOGY 616, 623 (2011); Michael
McCarthy, Obama Promises to Defend Health Law and Promote ‘Precision Medicine’, 350 BMJ 385, 385 (2015);
Mittra & Tait, supra note 22, at 717; Richard A. Montagna, Meeting the Technical Challenges of Personalized
Medicine and Companion Diagnostics, 44 MED. LaB. OBs. 16, 18 (2012); Bryn Nelson, Ensuring Quality in Ge-
nomic Medicine: Amid the Rise in Complex Laboratory-Developed Tests, Regulatory Officials are Seeking the Right
Balance on Quality Assurance, 122 CANCER CYTOPATHOL. 855, 856 (2014); Neyarapally, supra note 42, at 510;
Piehl, supra note 42, at 70; Scott D. Ramsey et al., How Comparative Effectiveness Research Can Help Advance
‘Personalized Medicine’ in Cancer Treatment, 30 HEALTH AFF. 2259, 2264 (2011); Robertson, supra note 42,
at 392; Richard L. Schilsky et al., Commentary: Tackling the Challenges of Developing Targeted Therapies for
Cancer, 15 ONCOLOGIST 484, 485 (2010).
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up R&D costs, which are then reflected in the cost of approved therapeutics.** Where
market size is reduced due to stratification of patients into small populations likely to
benefit from a given therapy, the additional cost of running a clinical trial may create
a financial disincentive. The high cost of clinical trials can also create barriers to physi-
cian and patient uptake in the form of higher prices, and difficulties with downstream
reimbursement, for the same aforementioned reason.*’

Biomarkers
A major impediment for PM developers is the high cost and complexity of establishing
and validating predictive biological markers (biomarkers). Biomarkers are objectively
measurable biological characteristics, including genetic variants, or medical signs that
indicate a pathogenic process or pharmacological response to a particular therapy.*®
Biomarkers may answer the following questions: ‘Does the drug reach the target? Does
it have the desired biological effect? Does it have an influence on other expected or
unexpected targets? Does the drug affect characteristics that predict desired or unde-
sired effects?’*” The presence or absence of a biomarker may predict whether and how
a particular patient or subset of patients will respond to an experimental drug. Genetic
biomarkers are particularly useful because genetic factors account for 15% to 30% of
differences in drug metabolism and response between individuals.’® Pharmacogenetic
tests use genetic variations between individuals to determine drug absorption and dis-
position, or drug activity.’! The ability to predetermine, with the use of biomarkers,

46 Avery, supra note 7, at 38; Evans & Watson, supra note 23, at 669; Hudson & Orviska, supra note 45, at 844;

Ichimaru et al,, supra note 45, at 454; Jones & DeSantis, supra note 45, at 522; Konecny, supra note 45, at
46; MacPherson & Rasko, supra note 45, at 623; Jeanette J. McCarthy et al., Genomic Medicine: A Decade of
Successes, Challenges, and Opportunities, S SCL TRaNSL. MED. 189, 207 (2013); Mittra & Tait, supra note 22,
at 710; Montagna, supra note 45 at 18; Nelson, supra note 45, at 856; Ramsey et al,, supra note 45, at 2264;
Schilsky et al., supra note 45, at 485.

47 JoshuaP. Cohen & Abigail E. Felix, Personalized Medicine’s Bottleneck: Diagnostic Test Evidence and Reimburse-
ment, 4]. PERS. MED. 163, 171 (2014); Leonard M. Fleck, Just Caring: Assessing the Ethical and Economic Costs
of Personalized Medicine, 32 UROL. ONCOL. 202, 206 (2014); Shannon G. Gibson & Trudo Lemmens, Niche
Markets and Evidence Assessment in Transition: A Critical Review of Proposed Drug Reforms, 22 MED. L. REV.
200, 211 (2014); Christof Koelsch et al., Towards a Balanced Value Business Model for Personalized Medicine:
An Outlook, 14 PHARMACOGENOMICS 89, 92 (2013); Christophe Le Tourneau et al., Designs and Challenges
for Personalized Medicine Studies in Oncology: Focus on the SHIVA Trial, 7 TARGET. ONCOL. 253, 264 (2012);
Pierre Miossec et al., Biomarkers and Personalised Medicine in Rheumatoid Arthritis: A Proposal for Interactions
Between Academia, Industry and Regulatory Bodies, 70 ANN. RHEUM. D1s. 1713, 1716 (2011); Katelin E. Pe-
tersen et al.,, Personalized Medicine, Availability, and Group Disparity: An Inquiry into How Physicians Perceive
and Rate the Elements and Barriers of Personalized Medicine, 17 PUB. HEALTH GENOM. 209, 216 (2014); Mark
R. Trusheim et al., Quantifying Factors for the Success of Stratified Medicine, 10 NAT. REv. DRUG Discov. 817,
823 (2011); Tursz & Bernards, supra note 23, at 938.

48 ‘A biomarker is a characteristic that is objectively measured and evaluated as an indicator of normal bio-

logical processes, pathogenic processes, or biological responses to a therapeutic intervention’; U.S. Food

& Drug Administration, From our Perspective: Clinical Biomarker Qualification, http://www.fda.gov/Drugs/

NewsEvents/ucm424545.htm (accessed Jan. 5,2015).
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the targeted patient population and therapeutic dosage should shorten drug develop-
ment timelines, reduce expenses and provide a greater likelihood of bringing a drug suc-
cessfully through the regulatory process. The development of appropriate biomarkers
is therefore a major strategy for reinvigorating a lagging pharmaceutical business model
focused on the development of blockbuster drugs that can be used in large portions of
the population.>>

There are, however, problems with the identification and the validation of biomark-
ers that have undermined their utility thus far. First, scientifically identifying and es-
tablishing biomarkers is difficult.”® Second, the regulatory criteria necessary to validate
biomarkers are neither agreed upon nor clear. Third, there are difficulties in collecting
high-quality data to show that the biomarker is clinically valid and useful, as biomark-
ers are often identified late in the drug development process when it becomes apparent
that only a small subset of the patient population is reacting to the drug under devel-
opment.>* Indeed, PM has the potential to ‘rescue’ a drug that has failed to perform as
expected in clinical trials by using a biomarker to identify the subset population in which
the drugis effective. This ‘rebrands’ the drug as a PM for patients with that biomarker;>
however, in this situation, where further investigation determines what biological or ge-
netic factor is at work in the responding subpopulation, the drug is normally well along
the drug validation and clinical development pipeline. Consequently, due to issues of
timing, and difficulty generating adequate evidence, regulatory demands for biomarker
validation data can often be greater than the evidence that emerges from the trials in-
volving the biomarkers.

In the context of genetic biomarkers, differences exist between the evidentiary stan-
dards that are required to use a genetic test for a biomarker in a laboratory setting and
those required by regulators before that test can be used in a clinical setting. Internal
laboratory biomarker tests do not require independent validation and vary consider-
ably from laboratory to laboratory and from jurisdiction to jurisdiction.*® Regulatory
standards for the use of biomarkers in a clinical setting are generally higher, requiring
analytical validation that can be difficult to provide to the FDA without prior planning
and early identification.’”

Finally, while PM developers see the opportunity to further reduce clinical trial
sizes by identifying biomarker-positive participants, regulators are concerned with

52 The forerunner of this new generation of drugs is Herceptin, which the FDA approved, with a companion

diagnostic to identify women with HER2 overexpression, as a treatment for metastatic HER2-overexpressing
breast cancer. Genentech, the developer of Herceptin, has led the way in seeking approval for ever-broadening
indications for its targeted therapeutics. This new generation of drugs begins its lifecycle in a small population
with unmet medical needs, in which the developer can charge premium rates while also seeking evidence
to expand into broader indications. While the growth rates of biologics have grown 20%, the growth rate of
US pharmaceutical market grew only 6%-8%. Saurabh Aggarwal, What's fueling the biotech engine?, 25 NAT.
BIOTECH. 1097, 1098 (2007).

Christopher-Paul Milne & Rachel Zuckerman, Biopharmaceutical Industry Perspectives on the Business Prospects
for Personalized Medicine, 8 PERS. MED. 541, 544 (2011); Eric E. Walk, Improving the Power of Diagnostics in the
Era of Targeted Therapy and Personalized Healthcare, 13 CURR. OPIN. DRUG Discov. & DEv. 226, 230 (2010).
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the risks posed to biomarker-negative patients. Regulators may therefore require
both biomarker-positive and negative participants in clinical trials, thus reducing or
nullifying any potential savings for the trial sponsor.”® While regulatory approval is still
possible without this evidence, the approval will limit clinical application to biomarker-
positive patients,® unless physicians use it off-label.®* The manufacturer may fur-
ther have to undertake postmarketing studies or phase IV clinical trials in biomarker-
negative populations, which raises costs and uncertainty from a manufacturer’s per-
spective.61

Clinical Trial Design
Regulations require that clinical trials are designed with specific hypotheses and thera-
peutic targets in mind and proceed with prospective analysis to demonstrate safety and
efficacy in a generalizable population. There are, therefore, significant tensions between
standard clinical trial designs and designs adapted to the smaller patient subsets that are
the hallmark of PM. First, smaller clinical trial designs provide inferior evidence of safety
and efficacy due to the small numbers of patients involved.> Small trials do not have
the statistical power to detect efficacy, especially if the magnitude of the effect is pre-
dicted to be small. Second, without a large generalizable population study, it is difficult
to fully understand the benefit/risk analysis of the drug.%3 This is concerning because
any off-label®* use by clinicians once the drug is approved can lead to unexpected and
serious adverse events (SAE) not discovered in a phase III study. In addition, analy-
sis of the subgroups enrolled in a clinical trial often comprises a retrospective analysis
that takes place as the trial is ongoing or after a suboptimal or failed clinical trial.> Such
post hoc analysis requires a mid-stream course correction with new patient targets and

8 Koelsch et al., supra note 47, at 91; Yann Joly et al., Regulatory Approval for New Pharmacogenomic Tests: A

Comparative Overview, 66 FOOD & DRUG LJ. 1, 4 (2011); Marie Loh & Richie Soong, Challenges and Pitfalls
in the Introduction of Pharmacogenetics for Cancer, 40 ANN. ACAD. MED. 369, 369-70 (2011); Yasuto Otsubo
et al,, Regulatory Perspective on Remaining Challenges for Utilization of Pharmacogenomics-Guided Drug Devel-
opments, 14 PHARMACOGENOMICS 195, 198 (2013); MLA. Pacanowski, Next-Generation Medicines: Past Regu-
latory Experience and Considerations for the Future, 95 CLIN. PHARMACOL. & THER. 247, 248 (2013); Trusheim
etal,, supra note 47, at 824.
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a different hypothesis during or after the clinical trial to ‘rescue’ the drug candidate,
and ‘rebrand’ it as a stratified therapeutic for a specific, smaller population.®® This type
of post hoc analysis is not permitted under the current regulations, and it is not clear
whether in all cases an entirely new clinical trial would be requimd.é7

Uncertainty in the Approval Process

In light of the preceding discussion, uncertainty about the clinical trial process for
PM leads to uncertainty about the likelihood of regulatory approval. In addition to
the high cost associated with the regulatory approval process, failure to gain approval
means those costs cannot be recouped. Regulatory uncertainty in the clinical trial pro-
cess exists with respect to the precise information companies must present to regula-
tors for a successful application, and how that information will be used;® the use of
biomarkers;® and the design of clinical trials that incorporate CDx.”° PM developers
desire better guidance on how best to design a successful clinical trial for a personalized
therapy, because absent guidance, they risk presenting suboptimal evidence regarding
stratification options. Designing clinical trials for differently responding subgroups (for
example, biomarker-positive and biomarker-negative groups) requires additional time
and resources.”! Companies are reluctant to make this investment without a commen-
surate increase in the certainty of regulatory approval.

Meanwhile, regulators struggle to make evidence-based risk and benefit decisions
from clinical trials with very small sample sizes, which do not capture rare SAE.”> While
existing standards for clinical trial design may be suboptimal for PM,” using novel clin-
ical trial designs may not improve a therapeutic’s chance for approval.”* In the absence
of functional regulatory guidelines on clinical trial designs, PM developers and regula-
tors will remain frustrated with the quality of evidence generated by clinical trials and
the uncertain regulatory outcomes that follow.
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Recommendations to Overcome Clinical Trial Challenges

Given the numerous challenges posed by clinical trial regulations, many proponents
of PM recommend changing or improving clinical trial design to aid PM development
and clinical translation. In general, PM developers would like greater clarity and guid-
ance about how information on biomarkers should be presented and how it will be used
in the approvals process.”® Strengthening postmarket study and surveillance (PMR)
requirements,76 using postmarketing authorization, encouraging phase IV clinical tri-
als,”” gathering ongoing evidence’® and using limited or conditional approvals’®*°
are all frequently mentioned recommendations. Recommendations involving PMR in-
clude the creation of an ‘approval with conditions’—a regulatory option that would
fast track some approvals in combination with mandatory phase IV PMR and the cre-
ation of a centrally managed database for SAE reporting by physicians.®’ It is thought
that strengthening PMR could alleviate some of the difficulty companies have meet-
ing evidentiary burdens, particularly with respect to bringing prospective population-
segmented data to regulators.®” PMR might evaluate a drug’s effect in a specific patient
population or identify new uses for the drug.
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Current Status and Future Aspects, 85 ONCOLOGY 59, 65 (2013); Laakmann, supra note 42, at 334; D. O’Kane,
An Outsider’s Viewpoint: The FDA Should Regulate Clinical Pharmacogenetic/ Genomic Tests, But..., 88 CLIN.
PHARMACOL. & THER. 746, 747 (2010); George Poste et al., Leveling the Playing Field: Bringing Development
of Biomarkers and Molecular Diagnostics up to the Standards for Drug Development, 18 CLIN. CANCER RES. 1515,
1520 (2012); Ramsey et al,, supra note 45, at 2267-68; Schilsky et al., supra note 45, at 486; Carla G. van El
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CURR. PHARM. DEs. 245, 250 (2010); Vogenberg et al., supra note 75, at 631; Wistuba et al., supra note S5, at
140.
Laakmann, supra note 42, at 340; Gibson & Lemmens, supra note 47, at 215; Schilsky et al., supra note 45, at
486; Poste et al.,, supra note 80, at 1521.
82 Laakmann, supra note 42, at 340.

80

81



Paving the road to personalized medicine « 469

Recommendations favoring mandatory PMR also reflect a general desire to capture
SAE, and provide more rigorous feedback of clinical results into the regulatory pro-
cess.*> PMR might be used to identify the variability that underlies serious event rates in
different patient groups.84 To that end, reccommendations range from using postmark-
ing data collection pilot projects created by the Center for Medicare and Medicaid Ser-
vices (CMS) and Centers for Disease Controls and Prevention as models for the FDA’s
Sentinel program,®® to standardizing reporting of SAE independent of pharmaceutical
companies.®® This would foster greater transparency, learning, and quicker turnover of
innovation, which, while desirable, is foreign to a strong trade secret and confidential-
ity ethos in medical product development. There is little consensus, however, on how
mandatory PMR should be instituted, as an FDA power through legislation,87 or under
apublic/private funding partnership.88 The latter option leaves all information publicly
owned and appears to be at odds with existing data protection laws. In addition, rec-
ommendations aim to mitigate the difficulties, both scientific and evidentiary, with the
validation of biomarkers.®’ Some propose the use of unvalidated biomarkers, so long as
the sponsor commits to a phase IV clinical trial,”® or the use of biomarkers that emerge
during the early phases of the trial.”!

Innovative Clinical Trial Design
Other recommendations relate to clinical trial design and several authors suggest a
number of innovative or alternative trial designs to aid PM products through the regu-
latory approval stage. Several articles recommend that regulators work with PM man-
ufacturers to create new models and provide greater guidance on permissible clinical
trial design.”” Recommendations include innovations or alternatively designed studies
that reduce costs,”® do not rely on animal models,”* or involve modified or conditional

8 Awada & Zgheib, supra note 78, at 847; Gibson & Lemmens, supra note 47, at 215; Laakmann, supra note 42,

at 343.
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approval paired with a postapproval requirement to develop additional evidence.”

Adaptive trial design could reduce drug approval time and cost by recruiting only ‘likely
responders’ based on biomarkers into clinical trials.”® Alternatively, adopting an ‘adap-
tive group sequential design’ involving rolling admissions of sensitive subgroups could
overcome some of the current clinical trial design barriers.”’

Authors also recommend regulatory acceptance of smaller clinical trial populations
in lieu of prospective RCTs.”® Reliance on prospective-only trial design invalidates
the use of retrospective analysis or identification of biomarkers during the course of
clinical trials. Adaptive trial design that involves contemporaneous biomarker identi-
fication would overcome this regulatory barrier.”” Along with trial design that over-
comes the difficulties with biomarker validation, several articles recommend moving
from the traditional clinical trial group experimental design to Single Subject Research
Design (SSRD) or ‘N of 1’ studies.'® This move would be difficult and controversial as
SSRD studies are not suflicient to satisfy current clinical trial information and design for
regulatory approval.'’! Despite the difficulty, SSRD would help identify highly reactive
patients and speed up evidence collection to meet regulatory requirements.'%*

Challenge: CDx and Co-Development
A second challenge facing PM development is the significant uncertainty that exists
around the optimal, possible, and acceptable clinical trial design for therapeutics in-
tended to be used with CDx. This uncertainty negatively impacts the advantages pre-
dicted for PM in the combination of tailored therapies and diagnostics that identifies
the optimal patient population. Such CDx, commonly regulated as medical devices,

are most often in vitro assays103 or genetic tests. These assays and tests help identify
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the presence or absence of a biomarker, indicating the patient’s suitability as the recipi-
ent of a particular therapy, such as a small-molecule drug, biologic, or gene/cell therapy.
To fully exploit the therapeutic and economic advantages of the therapeutic—diagnostic
partnership, ideally the CDx is marketed together and cross-labeled with its therapeutic
to indicate paired use. Here, we expand on the subthemes related to co-development
from 61 articles, namely issues with mandated co-development by regulators (32 arti-
cles); labeling issues (19 articles); lack of clarity on regulatory pathways (15 articles);
the co-dependence of the therapeutic and the diagnostic threatens the success of both
(8 articles); and the lack of appropriate business models for co-development (4 arti-
cles).

Regulatory preference to facilitate the pairing of a therapeutic and its CDx means
that both should navigate the clinical trial and regulatory process at the same time.
This will establish evidence that their use together is safe and effective. In a 2014 Guid-
ance, the FDA indicated that co-development was preferred for CDx, including phar-
macogenetic tests, '** thereby making co-development all but mandated except for rare
cases.'® The regulatory preference for co-development, as well as ongoing uncertainty
about how to achieve this, is a significant barrier in PM development. Relatively few
concurrently developed therapeutics and CDx exist to date.!%

According to the FDA, a CDx should be identified and developed in parallel with
a therapy. This is very difficult for developers, especially those in the private sector, to
achieve, as R&D timelines for therapeutics and diagnostics do not support concurrent
development.'%” Since biomarkers that form the basis of most in vitro assays and tests
are normally identified retrospectively and late in the therapy’s validation process, '
developers that identify useful CDx for a therapy after phase I clinical trials face regula-
tory challenges that increase time and cost of development.'” Additionally, achieving
cooperation between different developers whose business interests may not be aligned
is complicated and requires an unusual degree of transparency. Unlike large pharma-
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ceutical developers, diagnostic developers are commonly small biotechnology compa-
nies that tend to have leaner business models and marketing budgets.''* These differ-
ences make full cooperation difficult.

Co-development may threaten the success of each company’s product. Where the
diagnosticis tied to the use of a particular drug, the success or failure of that drug in clin-
ical trials determines the success or failure of the diagnostic.'!! In situations in which
the diagnostic might have multiple uses, co-development with a single drug may mean
that the diagnostic will not clear regulatory hurdles for other uses. The converse oc-
curs when rejection of the diagnostic leads to the rejection of the drug, which might
otherwise be effective.''* Co-development can also delay the introduction of the drug
or diagnostic while the other remains in the approval process. This can have profound
economic consequences for both companies.'!* Furthermore, pairing the use of a drug
with a diagnostic may reduce market size for drug development companies.''* Finally,
itis less complicated for a company to develop a stand-alone diagnostic.''> Thus, a myr-
iad of disincentives contribute to the lack of co-developed drugs and diagnostics.

In the USA, diagnostics and therapeutics have traditionally gone through different
regulatory streams with different evidentiary standards. Moreover, regulatory streams
at the FDA were designed well before the advent of PM. Two separate and distinct
regulatory streams, therefore, exist for therapeutics and medical devices, respectively.
Through the FDA, the Center for Drug Evaluation and Research' 16 and the Center for
Biologics Evaluation and Research'!” evaluate drugs, biologics, and combination prod-
ucts, '8 whereas the Center for Devices and Radiological Health oversees medical de-
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vices.!?? (see Figure 2). This separation creates uncertainty about how best to satisfy
regulatory requirements for co-development, what data should be submitted and how
best to time the submission of relevant regulatory requirements.' The existence of
multiple paths for regulatory approval makes it confusing to determine which regula-
tors approve CDx,'?! especially if the test may have multiple intended uses.'*> How-
ever, the appeal of having a paired therapeutic and diagnostic has led some companies
engaged in the development of PM to attempt co-development, despite the myriad of
difficulties they face.!*?

Recommendations to Overcome Barriers for Co-development
Recommendations to overcome the barriers to co-development of therapeutics
and diagnostics focus on implementing regulatory reforms that incentivize the co-
development process, something the FDA attempted in its 2014 guidance.'** In gen-
eral, stakeholders seek the alignment of regulations between therapeutics and diag-
nostics,'** greater regulatory clarity,'?® and recognition of the complications of the
co-development process.'*” The creation of a single regulatory stream would ease the
burden on companies seeking regulatory approvals in the PM space.'*® While co-
development is strongly encouraged by the FDA, greater guidance on how to proceed
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with non-parallel development would aid the sizable majority of companies for which
co-development is not possible.'*

Recommendations also focus on improving clarity on cross-labeling require-
ments."** Commentators note the lack of clear and common standards indicating what
evidence is required to label drugs for a particular subgroup or for a particular genetic
mutation.'?! Greater clarity in labeling requirements would enhance patient care and
the uptake of CDx (for example, pharmacogenetic tests).'>* Clarity is needed on when
cross-labeling is required and when it is simply recommended for informational pur-
poses.'3? Greater flexibility in labeling or in making labeling changes could create a
more responsive system in which additional tests or diagnostics could be added to
labels as improvements and innovations in diagnostics appear.'** Successful pairing
of therapeutics and diagnostics could be enhanced through PMR to provide eviden-
tiary support for labeling claims and by greater specificity in labeling requirements.'3
For example, labels could provide consumers and prescribers with further information
and assessment on predictive claims,'3® the requirement for testing prior to taking a
prescription,'3” and information on the actions required depending on the results of
the CDx test.'*®

Challenge: Regulation of Genetic Testing
As a subset of in vitro diagnostic tests, genetic tests may determine therapeutic choices
or other personalized interventions.'>” Genetic tests fall into two categories: LDTs and
genetic testkits. LDT's are the most common and are generally developed in a single lab-
oratory to which patient samples must be sent for analysis.'** LDTs can be thought of as
‘in-house’ genetic tests. Genetic test kits, on the other hand, comprise a set of reagents
and analytical information sold together to multiple testing laboratories.'*' Some ge-
netic tests are marketed directly to consumers; such DTC genetic tests have been the
subject of considerable controversy.'** In the following sections, we expand on the sub-

129
130

Avery, supra note 7, at 57; Cohen, supra note 108, at 753.

Blankstein, supra note 70, at 282; Rianne M.F. van Schie et al., Implementation of Pharmacogenetics in Clinical

Practice Is Challenging, 12 PHARMACOGENOMICS 1231, 1232 (2011).

131 Blankstein, supra note 70, at 282; Prasad & Brekenridge, supra note 111, at, 871; Samuya Pant et al., Nav-

igating the Rapids: The Development of Regulated Next-Generation Sequencing-Based Clinical Trial Assays and

Companion Diagnostics, 4 FRONT. ONCOL. 1, 13 (2014); Apostolia M. Tsimberidou et al., Strategies to Over-

come Clinical, Regulatory, and Financial Challenges in the Implementation of Personalized Medicine, 2013 Am.

Soc’y CLIN. ONCOL. 118, 124 (2013); Charlie Schmidt, Challenges Ahead for Companion Diagnostics, 104 J.

NAT’L CANCER INST. 14, 14 (2012).

132 Kathy L. Hudson, Genomics, Health Care, and Society, 365 NEw ENG. J. MED. 1033, 1036 (2011).

133 Blankstein, supranote 70, at 310; Pant et al., supra note 131, at 13.

134 Blankstein, supra note 70, at 307; Mansfield, supra note 59, at 1455.

135 Mansfield, supra note 59, at 145S.

136
Id.

137 Singer & Watkins, supra note 121, at 751.

138
Id.

139 US. Food & Drug Administration, Paving the Way for Personalized Medicine: FDA’s Role in a New
Era of Medical Product Development (Oct. 2013), http://www.fda.gov/downloads/ScienceResearch/
SpecialTopics/PersonalizedMedicine/UCM372421.pdf.

140
Id.

4o

142 palmer, supra note 23, at 476; Piehl, supra note 42, at 63-64; Serra J. Schlanger, Putting Together the Pieces:

Recent Proposals to Fill in the Genetic Testing Regulatory Puzzle, 21 ANN. HEALTH L. 384, 388 (2012); Spector-


http://www.fda.gov/downloads/ScienceResearch/SpecialTopics/PersonalizedMedicine/UCM372421.pdf
http://www.fda.gov/downloads/ScienceResearch/SpecialTopics/PersonalizedMedicine/UCM372421.pdf

476 « Pavingthe road to personalized medicine

themes relevant to PM in 39 articles on genetic testing, namely: lack of regulations on
LDTs (17 articles); lack of guidance on LDTs in the approvals process (9 articles);
inadequate regulation of DTC genetic tests (6 articles); an underappreciation for the
potential harms DTC genetic tests pose (6 articles); the problem of misleading adver-
tising associated with DTC genetic tests (S articles); the unsuitability of current regu-
lations for DTC genetic tests (4 articles) and LDTs (2 articles); perceived difficulties
with regulating LDTs (3 articles); a lack of clarity on how to regulate DTC genetic tests
(3 articles); and the lack of clinical utility measures that hinder the uptake of LDTs (2
articles).

Three measures determine the validity and utility of genetic tests. Analytic valid-
ity determines whether and how well the test measures or determines the presence of
the biomarker.'*? Clinical validity determines whether there is a correlation between
the targeted clinical condition and the biomarker.'** The third and more difficult mea-
surement to determine is clinical utility. It asks: Does the test lead to increased human
health, or a beneficial medical outcome?'** Quality tests should therefore be analyti-
cally and clinically valid, as well as clinically useful.

These three measurements are applied differently and unequally to LDT's and to ge-
netic test kits, due in part to the different regulatory regimes that govern the different
types of tests.*® This creates significant regulatory challenges.'*’ In the USA, regula-
tory oversight of genetic testing is split between three federal government agencies:
the FDA, the CMS, and the Federal Trade Commission (FTC), which is the federal
consumer protection agency. Each of these agencies has a different mandate and ap-
plies different standards. This has led to numerous complaints of a lack of adequate,
rigorous, and consistent regulation.'*® Despite the novel issues that genetic tests raise,
no new regulatory system has been created for their approval. The existing regulatory
structure creates false separations based on where and how genetic tests are used, rather
than focusing on their validity and utility regardless of how they are applied.
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The FDA has the authority to regulate genetic test kits as medical devices based on
safety and efficacy under the Food, Drug and Cosmetic Act.'*’ The regulations in that
act create a stratified or tiered system of approval requirements based on the level of
risk posed by the device to the patient or the user based on intended use and the indica-
tions for use. Class I devices are low risk and generally exempt from the requirement for
a 510(k) premarket notification (a process establishing that the device is substantially
equivalent to a device already marketed). As such, class I devices generally require only
broad controls such as registration, labeling, and good manufacturing practices. Class
II devices are classified as moderate risk and generally require a 510(k) premarket no-
tification prior to marketing. Devices considered class III (highest risk classification)
require a premarket approval (PMA) for clearance by the FDA to market the device.
The PMA process is more complicated and requires the submission of clinical evidence
to support the claims being made about the device.'s°

With respect to genetic tests, FDA regulations require evidence that genetic test kits
are analytically and clinically valid, although evidence of their clinical utility is not re-
quired.'>! This is a point of concern, given that ensuring genetic testing leads to positive
health outcomes (clinical utility) is critical for both patient welfare and reimbursement
decisions. Until recently, the FDA has exercised its regulatory authority sparingly and
only as it applies to genetic test kits—choosing to leave LDT's regulated only by the
less stringent Clinical Laboratories Improvement Amendments (CLIA) regulations.'>
The imposition of different standards on genetic test kits and LD T's is the most pressing
issue for those who want to have equal, reliable testing for all genetic tests. Ongoing crit-
icism of the differences between FDA and CLIA regulation has led to significant policy
action at the federal level.

The CMS oversees clinical laboratories and regulates LDT's under the authority of
CLIA.'>3 The CMS ensures that LDTs are analytically valid but does not require evi-
dence that LDTs meet the standards of either clinical validity or utility.'** CLIA regula-
tions categorize laboratory tests as either ‘waived’ or ‘non-waived’ according to whether
they are low, moderate, or high complexity tests. Tests that are either moderate or high
complexity are subject to additional requirements to ensure their safety. Higher com-
plexity tests are generally grouped into specialty areas that are subject to more rigorous
external proficiency testing to verify their ongoing analytic validity. While molecular
and genetic tests are considered high complexity, they have not been designated as a
subspecialty and, therefore, are not subjected to the most stringent testing available
under CLIA.'S

In addition, significant concern exists about a lack of rigorous and consistent regu-
lation of DT C genetic testing, which enables consumers or patients to access their ge-
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netic information directly from a testing company.'>® For many years the FDA did not
exercise its jurisdiction over DTC genetic tests, creating yet another group of genetic
tests without rigorous regulatory oversight. This situation is changing as the technology
advances and as the FDA asserts its authority over genetic testing. Whether the FDA
regulatory approach is appropriate for DTC testing is an open question. Proponents
claim that many of the risks associated with DTC genetic testing are speculative and
that it has intangible benefits, including patient autonomy and privacy.'>” DTC genetic
tests continue to create controversy, however, because they are advertised directly to
consumers and the advertising may be fraudulent and/or may misrepresent the ben-
efits for the consumer.'® Misleading claims are under the regulatory purview of the
FTC, which protects consumers from unfair and deceptive business practices and from
false and misleading advertising claims.'>® Concerns about the claims made by DTC
genetic testing providers have prompted calls for the FTC to exercise its authority to
protect consumers, some of whom may make medical decisions to either forgo treat-
ment, based on a false-negative test results, or undertake drastic medical procedures,
such as prophylactic surgery, based on false-positive test results.'* The FTC has largely
ignored evaluating the truth of health marketing claims made by DTC genetic testing
companies, which leaves the field open to fraudulent claims.'®!

Current perceptions persist that advertising of DT'C genetic tests is false and/ or mis-
leading to such an extent as to undermine consumer and provider confidence in the
veracity and utility of all genetic tests.'®> The perception that the FTC is not taking
action against DTC companies challenges the uptake of legitimate genetic tests.'®* Ex-
acerbating this situation, there is a plethora of reasons for an individual to purchase a
DTC test outside of health, including recreational, educational, and ancestry. This can
be exploited by DTC companies in marketing and promotional materials.
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Recommendations for Regulation of Genetic Testing
Regulatory recommendations for improving genetic testing in PM include greater in-
volvement of healthcare professionals, '** greater regulation of both DTC'® tests and
LDT' at the federal level to ensure quality, and the creation of a comprehensive ge-
netic test 1registry.167

LDT Recommendations
The most common recommendations concerning LDT testing are to increase regula-
tory oversight'®® and evidentiary standards.'®® Recommendations include expanding
FDA oversight to cover LDTs'”° (likely to occur in 2016); expanding evidentiary stan-
dards to include evidence of clinical validity and utility;'”* and ensuring that LDT lab-
oratories undergo proficiency testing, certification, or increased accreditation require-
ments.

Some critics who have complained that CLIA regulations are inadequate to ensure
the quality of genetic tests advocate for the creation of a genetic subspecialty. This
would involve an external review and a more rigorous examination of tests resulting in
higher quality review.!”> Furthermore, commentators over the last 15 years have criti-
cized the FDA’s unwillingness to hold DTC genetic tests'”® and LDTs'”* to the same
standards it uses for test kits. After numerous studies and reports calling for increased
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oversight action,'”* the FDA issued draft guidance on October 3, 2014, thus asserting
its statutory authority and signaling its intention to exercise regulatory oversight over
LDT. The draft guidance outlines the phasing in of a plan that extends the stratified risk-
based framework applied to medical devices for premarket notifications and approvals
to all genetic tests, regardless of where they are developed. Tests for rare diseases that
meet the definition of a Humanitarian Use Device would be subject to discretionary
authority regarding the need for PMA.'”¢ The new guidance requires notification to
the FDA of LDTs as a no-fee alternative to registration and listing of LDTs. It further
requires SAE reporting and a demonstration of clinical validity of LDTs.””

The guidance has not been met with universal approval. Some articles express con-
cern that increasing FDA oversight of LDT's will increase cost and delay for manufac-
turers. Others are concerned with the chilling effect on swift and ongoing improvement
and innovation due to oversight bureaucracy, and some assert that the FDA lacks statu-
tory authority to expand its oversight to LDT.!”® Statutory oversight aside, concerns
about the FDA’s workload and its ability to oversee the large number of LDT's will need
to be weighed against the greater evidence of validity and utility derived from FDA over-
sight. Following a series of FDA workshops, several hearings before the House Energy
and Commerce Committee Subcommittee on Health, and a lengthy public comment
period, the FDA has indicated it will issue its final guidance in 2016.'”

On November 18,2016, the FDA announced that it would not issue a final guidance
for the oversight of LDTs.'*" This leaves the current uneven patchwork of oversight
on DTC, LDT, and genetic test kits in place, and the concomitant problems discussed
above. InJanuary 2017, the FDA released a discussion paper laying out issues that could
guide a legislative solution and signaling that the issue has not yet been put to rest.'*! In
particular, the FDA points to the need for ‘well-curated databases’ of scientific evidence
on clinical validity and other measurements that could be used to establish the accuracy
and validity of LD Ts.'8*

While backing away from guidance on LDTs, in July 2016, the FDA issued draft
guidances on next generation sequencing (NGS) genetic tests as part of the PMI'83,
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While these guidances signal the FDA’s intention to regulate IVD based on NGS as
part of the PMI, the FDA has taken an approach aimed at facilitating the use of these
tests and easing the scientific regulatory requirements.'®* The first guidance called for
more public databases of genetic variants and their use in establishing clinical validity
of NGS tests.'®® The second guidance discussed the need for standards in the design-
ing, developing, and validating of NGS-based tests for germline diseases as part of the
PML.'8

In addition to greater quality assurances of LDT's, a number of authors advocate for
the creation of a mandatory genetic test data registry.'®” Currently, there is a voluntary
test registry hosted by the National Institutes of Health’s (NIH) National Center for
Biotechnology Information.'*® Despite recommendations by the Secretary’s Advisory
Committee on Genetics, Health, and Society to make registration mandatory for all
genetic tests, it does not include all genetic tests. Additionally, the test registry may be
more useful to consumers if standardized fields, such as the molecular basis of the tests
and the methods used for testing, are included in the registry and uniformly entered to
be easily searchable.'®

DTC Recommendations
Although there are a number of US states that currently either prohibit DTC testing
or mandate professional involvement in ordering or interpreting genetic test results,
many states do not regulate provision of DTC tests.'”” Recommendations include fed-
eral regulation of DTC tests through mandatory inclusion of professionals, including
genetic counselors, in either the test ordering or the provision of test results.'”! DTC
companies should be responsible for providing greater quality assurances and more ac-
curate information about their tests.'”” Failing these changes, the numerous calls for
increased comprehensive federal regulation by the FDA using its stratified risk-based
approach'?® and FTC'%* oversight of DTC testing are likely to continue. In November
2013, the FDA signaled a new readiness to flex its authority over DTC tests in a way
it had not done previously. It barred 23andMe, a DT C genetic testing company, from
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using its broad-based genetic screen without regulatory approval.'”® In October 2015,
23andMe became the first DT C company to be granted FDA approval for its DT C test
kits, a fact it heralded on its website.!”® Continuing the trend to greater scrutiny of DTC
tests by the FDA, in November 2015 the FDA sent letters to three DT C genetic testing
companies, DNA4Life, DNA-CardioCheck, and Interleukin Genetics, for marketing
unapproved genetic tests.'”” However, on April 6, 2017, the FDA softened its initial
decision, permitting 23andme to offer DTC genetic testing for 10 diseases or condi-
tions, including Parkinson’s disease, late-onset Alzheimer’s disease, Celiac disease, and
several hereditary conditions.'”® While paving the way for future genetic predisposition
tests from 23andme and similar DTC companies, the FDA clarified its expectations
with regard to the accuracy, reliability, and clinical relevance of such tests through spe-
cial controls.'”® Further, the FDA has created a regulatory pathway for DTC genetic
predisposition tests that will expedite approvals from premarket review after an initial
de novo application.”® Despite relaxing its stance on some genetic tests, DTC diagnos-
tic tests for conditions such as BRCA, for example, are not included in the authorization
granted to 23andme.”"!

In addition to FDA regulation of DTC testing, expansion of other federal protec-
tions such as privacy protections under The Genetic Information Non-Discrimination
Act (GINA),*®* or the FDA Sentinel (postmarketing surveillance)*® program,***
could further bring DT C testing into the regulatory fold. Calls for additional oversight
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of DTC communications and advertising by the FTC are joined by calls to ‘regulate’
misleading or harmful claims on DTC tests by using a Tort law standard or reasonable-
ness in negligence law,** and by requiring DTC testing information and risk predic-
tions to be harmonized with industry standards.?% The creation of uniform standards
for risk predictions and other DTC communications could bring DTC genetic tests in
line with other medical device regulation and hold riskier tests to a higher standard of
examination.2?’

Finally, concerns about lax federal regulation and misleading advertising of DTC
genetic testing has led several states to mandate that genetic test results be returned
to a physician or learned intermediary with the skill to meaningfully interpret test re-
sults. The hope is that such meaningfully interpretation of genetic test results will lead
to better healthcare decision making.208 While physicians have a duty, in many cases a
legal duty, to impart incidental findings from genetic tests to a patient, the regulations
are unclear regarding the duties of generators, providers, and interpreters of genetic test
results.’”? This confusion with respect to communication leads to quality control issues
and inconsistent standards.

Challenge: Uncertain Regulations on Evidentiary Standards

In the following sections, we expand on the subthemes relevant to PM in SS$ articles
that discuss issues with evidence standards, namely existing standards that are unrea-
sonable (11 articles) or unclear (11 articles) in a PM context; the failure of evidence
produced by companies to meet regulatory requirements (12 articles), including the
inability of many companies to carry out phase IV trials (8 articles); the increased cost
associated with meeting regulatory data standards (7 articles); the inadequacy of data
to expand applications to broader indications (4 articles); the delay that meeting evi-
dentiary standards can cause (4 articles); and the unclear standards for clinical utility
(2 articles).

PM developers find the data and evidentiary requirements for regulatory approval
unclear.”!? Vague evidentiary standards and requirements act as a barrier to the trans-
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lation of PM products as companies struggle to develop appropriate evidence for ap-
proval and reimbursement.?!! Whereas the FDA requires evidence of safety and effi-
cacy, it does not require measures of clinical utility—that is, evidence that overall health
outcomes are improved in a clinical setting. Payers, making choices about which ther-
apies to cover, require this additional layer of evidence as a basis of payment decisions.
In other words, what matters to a payer is whether a therapy is ultimately proven to
be clinically useful and that it is a cost-effective alternative to existing therapies. These
considerations are currently outside the evidence required for regulatory approval.

Lack of uniformity and clarity in data requirements between statutes, regulators, and
payers poses challenges for developers. Not only is there lingering uncertainty about
what data are required, but also when that data should be incorporated into the FDA
investigational new drug application (IND) process.*'* This is especially evident when
data about a potential effect in a subpopulation or a relevant biomarker for that popula-
tion emerge during a clinical trial. Further, it is not clear how the FDA will use the data
that are submitted, and whether the data will be sufficient to validate a biomarker, or
to permit the subpopulation effects to be generalized to the wider population. Manu-
facturers are concerned that evidence of subpopulation effects may be used to limit the
application of a drug or device, rather than expand its application.

In addition to these concerns, the FDA can require companies to conduct PMR,
otherwise known as phase IV studies, to collect evidence on how the therapeutic or
device is working in clinical practice, and what SAE might have been reported with its
use.”!> PMR are undertakings by companies to continue to collect evidence follow-
ing regulatory approval; however, research shows that there is very low compliance
with these commitments.*'* Such low compliance masks previously unknown SAE, but
also does not reveal new uses for a drug or how the drug functions in different patient
subgroups.”!’® While regulators are reluctant to extrapolate from subpopulation data
to other populations, groups, and ethnicities,?'® the expense involved in providing ev-
idence on additional populations (and potentially undertaking an additional clinical
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trial on the subgroup) may be prohibitive to developing PM products.*!” In the case
of pharmacogenetic tests, developers remain uncertain whether they will be required
to undertake phase IV studies, and whether that evidence might lead to restrictions on
approvals in genetic subpopulations.*'®

There are a number of reasons that companies do not fulfill their PMC and do not
provide ongoing data to the regulators. First, PMR are expensive and time consum-
ing.”!? Second, they are notoriously difficult to conduct, requiring data gathering of
physician and patient reporting of SAE, which are widely underreported.”*° Such de-
tailed assessments of clinical efficacy are very difficult to provide.

Recommendations to Improve Evidentiary Requirements
Recommendations for bringing better quality evidence to regulators generally fall on
the manufacturers. There is a call for submissions to regulators to provide higher qual-
ity evidence that is not only useful to payers and providers, but also that anticipates
the need to show cost-effectiveness for reimbursement.”?! Additional recommenda-
tions for regulators include the use of less restrictive, more flexible, and innovative
approaches to PM clinical trials and approvals.??* This might be achieved by allowing
alternative forms of evidence,”*? initially using exploratory or modeling analysis com-
bined with corroborative evidence,*** or permitting the use of comparison or equiv-
alency data which relies on prior, similar submissions*** (as in follow on biologics).
In particular, clear technical guidance on generation and submission of genomic data,
clinical evidence standards, and the use of biomarkers in both drug development and
pharmacogenetic studies is needed as an incentive to stimulate manufacturers to de-
sign their studies to capture these data.”?® Pathways to make the generation of these
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data less expensive and time consuming might include leveraging public—private part-
nerships and large cross-institutional studies involving non-industry actors as a means
of validating biomarkers. Developing industry guidelines to create more accurate meth-
ods for predicting drug safety and pooling resources*?’ to address the costs associated
with bringing PM products to market would help reduce the time and costs of evidence
generation.

Non-compliance with PMR commitments has become such a problem that
Congress mandated the FDA to work through the backlog of PMR commitments and
provide annual reports on progress.”?® To date, the backlog has been reduced, and the
FDA is working to ensure greater compliance.””’ In furtherance to fulfilling these obli-
gations, the FDA has continued its commitment to the Sentinel program which tracks
performance of medical products by accessing anumber of data sources, including elec-
tronic health records (EHR), patient registries, and insurance datasets to better identify
SAE and anticipates much better PMR of medical products.**

Challenge: Information Systems and Privacy
The literature on regulation of information systems reveals three main subthemes high-
lighting a tension between the interests of patients and developers of PM therapies and
devices. In this section, we expand on privacy concerns (26 articles); sample storage
and collection concerns (14 articles); and the heterogeneous nature of sample storage
and collection regulations (9 articles). Issues of patient and research subject consent
are mentioned in all three subthemes.

Human tissue samples, housed in hospital pathologylaboratories and biobanks, sup-
port PM R&D. The samples are often used to determine genetic contributions to dis-
eases when linked with phenotypic information and to test for biomarkers. The value
of tissue samples is greatly enhanced when linked to medical health records or other
data on disease histories and phenotypes. An ability to aggregate data across multiple
national and international research facilities is crucial for scientific research, especially
for rare disease phenotypes where information may be scarce. Consequently, patho-
logical samples and EHR containing personal health information are simultaneously
private patient information and valuable resources for drug companies and PM devel-
opers. Information systems that manage PM research data and samples are in tension,
trying to balance the access and use requirements of researchers and developers with
the autonomy and privacy interests of research participants.
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Informed Consent and Privacy

Information and data management systems and the associated legal and ethical issues
raised with respect to consent and privacy of personal or protected health informa-
tion (PHI) are central to PM R&D. This is because much PM development involves
use of biospecimens and knowledge of patient genetics or biomarkers. Since genetic
information may reveal both personal and familial health or ancestry information, is-
sues of consent and privacy are paramount in genetic studies and tests used in PM
R&D. The legal requirement for researchers to obtain informed consent from research
subjects is imbedded in US federal regulations that deal with human subjects research
supported by the federal government.”*! The Common Rule governs human subjects
research on products regulated by the FDA. These regulations also cover research on
human tissues and associated information that can be linked to an identifiable individ-
ual.?* In addition to the Common Rule, federal regulations governing the use of PHI
were implemented in 2003 under the Health Insurance Portability and Accountability
Act (HIPAA) of 1996.2%* HIPAA applies to three categories of healthcare institutions,
known as HIPAA covered entities: most healthcare providers, most health plans (insur-
ers), and healthcare clearinghouses. HIPAA imposes limitations on the research uses
and disclosures of identifiable patient information, requiring patient authorization for
specific uses of certain PHI. HIPAA privacy rules do not apply to health information
held by data brokers, websites, credit bureaus, disease registries, health researchers, dis-
ease advocacy organizations, law enforcement agencies, or others as defined under the
act.?*

The scope of informed consent as it relates to PM, in particular, is complex and im-
portant. Generally, consent to conduct research on a person or that person’s tissues re-
lates to a specific research activity that can be well described and for which consent can
be meaningfully given or withheld based on knowledge of risks and alternatives. A prob-
lem for the PM research enterprise relates to whether a patient can give a non-specific
consent to future research, without knowing what the nature and attendant risks of that
research might be. Many argue that consent to research thatis not yet defined cannot be
informed and does not respect patient autonomy as required.*>> While the acceptabil-
ity of consent to future research is hotly debated, the ability to obtain consent to future
undefined research is central to PM development. Much PM research comes from a
retrospective analysis of clinical trials to determine what subpopulations might derive
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a therapeutic effect. Consequently, the need to reexamine tissue samples for a different
research outcome than originally described often arises. Re-consent of tissue donors
for a different research objective may be neither feasible nor possible, and it is unclear
whether it is required in all circumstances.

PM developers complain that the balance of regulations often emphasize individ-
ual autonomy and control over personal health information rather than the research
enterprise and creation of a research platform of genetic information and resources,
creating a barrier to PM development.”*® Indeed, the regulations reflect a tension be-
tween balancing privacy and patient autonomy against a need for transparency, greater
information gathering and sharing of research resources to advance PM.>*’

Complex layers of oversight from local institutional review boards (IRBs) to federal
regulations protect individual autonomy and privacy, necessitating re-consent of re-
search subjects, allowing subjects to withdraw from studies, and preferring anonymity
and coded samples that make it more difficult to link PHI to tissue samples.?*® Find-
ing the right balance between researcher needs and subject protections is an ongoing
regulatory exercise. In 2015, the Department of Health and Human Services proposed
changes to the Common Rule** that would require informed consent for research on
biospecimens even if not linked to identifiable information. In addition, the changes
would permit a broad consent to unspecified future research, heretofore not permit-
ted. While the stated purpose for the changes includes increased simplicity and trans-
parency for researchers, and additional protections for individual research subjects, the
proposed rules are very controversial and some implicate individual privacy concerns.
Some argue that they unduly favor researchers over patients, and ‘demand that patients
accept a one-time grab at all data, for any purpose, in order to provide broad access
to others with no promised informational or other return and no mechanism to recip-
rocate patients’ altruism’.**® On January 19, 2017, the final Common Rule was pub-
lished**'. Changes that required consent for non-identifiable biospecimens were elim-
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inated, but changes that provided the ability to use a broad consent for future research
were retained***.

Afurther regulatory barrier to PM is the heterogeneous and inconsistent regulations
relating to human subjects research and biobanking, particularly the collection, sharing,
and storage of data.”* There is a lack of harmonization both nationally and internation-
ally between regulations covering the storage and use of biospecimens or use of PHL
PM developers and advocates argue that inconsistent regulations and conflicting stan-
dards create a climate of uncertainty that impedes the flow of both research materials
and information between researchers and laboratories.*** Further barriers are created
by inadequate and conflicting regulations to protect and use PHI, leading to improper
use of that information and potential discrimination.*** Conflicting regulations exist
not just between countries but within national systems.246 In the USA, federal regu-
lations have differing definitions of and rules about what constitutes human subjects
research, and whether and how informed consent for the use of tissue samples may be
obtained. Adding to the complexity, both the federal Common Rule and HIPAA specif-
ically leave room for individual states to create stricter standards on disclosure and use
ofbiospecimens and PHI. State laws affecting the use of tissue and associated data in sci-
entific research are found in a variety of sources, including medical records laws, privacy
and health privacy laws, genetic testing/genetic information laws, and human subject
protection laws. These laws are often different and inconsistent both among and within
states. Regulations may impose different limits on uses of biospecimens and associated
data and may offer different scopes of protection.**’

The lack of regulatory clarity on how biospecimens and PHI can be shared and with
whom has led to real concerns about individual privacy. This is particularly acute in ge-
netic research since sensitive personal health information can now be revealed through
genetic analysis of tissue samples using increasingly powerful sequencing tools that of-
ten reveal incidental health information. In the USA, despite the protections of the
GINA, which forbids health insurers and employers from misuse of genetic informa-
tion, patients continue to be fearful of discrimination after genetic testing. Where health
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insurers control access to care and testing in the USA, concerns about improper use of
genetic information have a chilling effect on research into genetics of diseases so critical
to PM.>*

Of continued concern is the lack of HIPAA protection for the medical and personal
health information collected by the PML. It is, as yet, unclear exactly how the biospec-
imens and associated data will be collected and stored, whether in a federal registry or
in different states (each with different and sometimes conflicting regulations). Federal
agencies including the NIH are not ‘covered entities’ under HIPAA and therefore the
privacy rules do not apply, even if the PHI originated from a HIPAA covered entity.
Once an HIPAA-covered entity shares PHI with a non-covered entity, the information
generally passes outside the scope of the HIPAA privacy rule and beyond the jurisdic-
tion of HIPAA oversight. The question of how the PHI of millions of volunteers will be
adequately protected under the PMI is a pressing question.**’

Recommendations on Management of Information
Recommendations to remove information management barriers include creating, im-
proving, and harmonizing practices, guidelines, and policies for information sharing (4
articles). Most recommendations focus on improving biospecimen collection and stor-
age (14 articles), and on creating stronger consent and privacy protections (7 articles).
While some recommendations focus on systemic solutions, such as encrypting PHI be-
tween researchers and physicians (1 article), others focus on getting consent from pa-
tients to archive genetic data for future use (1 article), and moving toward the use of
research advance directives (1 article). These recommendations support broader con-
sents aimed at facilitating future research uses of biospecimens and PHI

Collection procedures could be improved by ensuring samples are collected and
sequenced in advance of clinical trial submissions. This should help with prospective
biomarker identification, and ensure that enough genetic variants are represented and
that samples from the intended patient population are available for submission in clini-
cal trials. Strong protocols that include sample collection and storage procedures would
also enable retrospective associations with safety and eflicacy outcomes and retrospec-
tive identification of biomarkers.

In response to the PMI, the FDA created precisionFDA, an ‘online, cloud-based por-
tal that will allow scientists from industry, academia, government and other partners to
come together to foster innovation and develop the science behind a method of “read-
ing” DNA known as next-generation sequencing’.”*° Using NGS, precisionFDA aims
to create a web platform to aid researchers in sharing and learning about individual ge-
netic variations, with the hope that these actions will lead to PM knowledge and inno-
vations. PrecisionFDA hopes to leverage tools for greater information sharing and to
help with the validation of genetic sequences and ultimately biomarker identification.
Tools include the creation of reference genomes that will be posted online.
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To address privacy concerns, authors recommend more transparent privacy laws
with legal supports that protect individual interests in health information.*>' These
might take the form of stronger federal regulations that cover more than just federally
funded research (as in the Common Rule) and policies to handle genetic discrimina-
tion.”>* Recommendations to address the misuse of genetic information in contexts
currently not covered by GINA, such as life, disability, and long-term care insurance
or coverage of existing conditions with a genetic component, could strengthen PHI
protections.* Extending coverage to include full medical histories in the statutory
definition of ‘genetic information’ and to misuse of that information to other contexts,
like schools and biobanking, would provide patients with greater protections.*>*

In the context of the PMI, in November 2015 the White House published Pri-
vacy and Trust Principles, which recommended, inter alia, that ‘[ m]ultiple tiers of data
access—{rom open to controlled—based on data type, data use and user qualifications
should be employed to ensure that a broad range of interested communities can uti-
lize data while ensuring that privacy is safeguarded and public trust is maintained’.”®*
On May 25, 2016, the White House published its PMI Data Security Policy Principles
and Framework.”*® The recommendations require each organization involved in the
PMI to create its own data security system, but call for ‘processes and controls to ad-
dress both internal and external threats, and assure the confidentiality, integrity, and
availability of data generated and contributed during precision medicine activities’.*”
While requiring organizations embrace standard best practices, the Data Security Pol-
icy Principles and Framework does not create a harmonized system across the diverse
set of organizations involved in the PML Instead, organizations must ensure that their
security framework adequately addresses ‘the security risks they face and is consistent
with the PMI Data Security Policy Principles and Framework’. The heterogeneous and
myriad of organizations involved in the PMI are a particular challenge for data security
in the PMI. With regard to a framework for data security, the report outlines a frame-
work developed by the National Institute for Standards and Technology for Improving
Critical Infrastructure Cybersecurity, Version 1.0, that enables five simultaneous and
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continuous functions—Identify, Protect, Detect, Respond and Recover—to assess cy-
bersecurity and data security performance.”®®

In addition, articles recommend increasing federal funding of biobanks as a means
to achieving higher standards and more harmonization of rules and practices relat-
ing to data management and security. With regard to the PMI, on May 26, 2016 the
NIH awarded $142 million over five years to the Mayo Clinic in Minnesota to estab-
lish the world’s largest research-cohort biobank. The PMI cohort biobank will collect,
store, and distribute biospecimens for research.”*® Finally, numerous articles recom-
mend greater adoption and use of EHR and of systems to facilitate protected transfer
and storage of those EHR.>®° Use of EHR is a cornerstone of the PMI as well.

Challenge: Incentives to Enter PM space and IP barriers
According to the literature, intellectual property rights, particularly patents, create bar-
riers to PM innovation, investment, and development in two distinct ways. First, PM
developers argue that the patent system does not provide certain, predictable, strong
rights that protect the substantial investment in PM drug and device development.%!
PM developers call for stronger incentives where the market may not provide adequate
financial reward. In contrast, patients, healthcare providers, and those unable to inno-
vate due to blocking patents argue for a more open system, because existing patents on
drugs and diagnostics stifle innovation, investment, and development of PM drugs and
devices. These stakeholders argue that strong patent rights block further innovation,**
create patent thickets,”®® and function as barriers to provider and patient access to drugs
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and devices.2®* Limited empirical evidence supports either side of the patent debate.?®°

Here, we expand on the subthemes related to intellectual property (32 articles) and a
lack of incentives for developers (20 articles).

Numerous articles assert that the high cost of drug development generally coupled
with smaller financial returns for niche or personalized therapies necessitates strong
and certain incentives to develop PM products. PM developers, in particular, decry a
lack of certainty in scope and strength of patent protection.?*® Industry stakeholders
assert that consistent moves to amend and reform patent law have led to unpredictabil-
ity in patent application and protections, 27 which in turn undermine investment and
innovation in PM.268

However, not all commentators favor stronger patent rights for PM therapeutics.
Several authors argue that patents hinder innovation in the PM space and can create
barriers to patient access of drugs and genetic testing. Patent holders may block devel-
opment of better tests, can prevent second opinion testing (especially through licens-
ing practices, granting overly broad or exclusive license to underlying technology), may
cover gene sequences such that development of genetic tests is hindered, and may cre-
atelack of innovation space through overly broad patent claims. In other words, broadly
drafted or multiple overlapping patents can create an anticommon that stifles inno-
vation because follow-on developers fear liability for patent infringement.”®® What is
clear from the literature is a lack of consensus on whether (i) patents act as necessary
incentives to PM investment, innovation, and development such that they should be
strengthened, or (ii) patents stifle innovation and investment, particularly in the de-
vice space, such that novel incentives are needed and patent rights should be curtailed.
This tension runs through the literature and through the recommendations.

Some see the use of patents on subpopulations as a means of ‘evergreening’ or ex-
tending patent protection over a drug that has been repackaged as a PM for a smaller
patient population. Even novel regulatory initiatives to entice innovation in the event of
market failures may have an ‘evergreening’ effect such that they encourage unnecessary
patient stratification (known as ‘salami-slicing’) in drug development without scientific
justification®’ and, thereby, stifle innovation in the PM space.

Unlike in pharmaceuticals, stronger and clearer patent law is not seen as the most
significant incentive needed to support innovation and investment in PM tests and de-
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vices.””! One of the greatest barriers to PM device development with respect to in-
tellectual property is general uncertainty about the applicability, strength, scope, and
enforceability of patents on medical devices due to shifting patent law. The validity
of many diagnostic patents has recently been called into question; therefore, it is un-
clear whether novel genetic tests will encounter patent thickets or infringe existing gene
patents.”’> Recent judicial rulings by the Supreme Court of the United States have
created uncertainty as to the status of patents on both diagnostic and medical meth-
ods.?”® Patents on gene-based molecular diagnostics may be problematic and fall afoul
of recent rulings invalidating patent claims on naturally occurring molecules, includ-
ing DNA sequences, and biomarker associations with drug dosing.’”* Given the un-
certainty in patent incentives, other forms of incentives may be needed to support the
business model for device and diagnostic makers, which is leaner than that of pharma-
ceutical companies.””® Nevertheless, the current curtailing of the scope of PM-relevant
patents serves as a natural experiment on the role of patent incentives in the diagnostics
industry.

Recommendations on Incentive Systems and Patent Regulation

Where the market fails to provide adequate financial incentives for investment and de-
velopment of PM drugs and devices, authors recommend stimulating entry into the PM
device market via additional incentives. Articles reccommend economic and regulatory
incentives, ranging from using existing statutes and regulations in innovative ways*’®
to creating entirely new incentive structures.””’

Incentivizing PM development using existing patent systems is a recommendation
many favor.”’® Increased market exclusivity or extended patent periods for drugs mar-
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keted with a CDx could incentivize PM co-development.?”” Other authors advocate for
additional market exclusivity for diagnostics and novel manufacturing innovations.

However, recommendations for using patent incentives reflect the tension between
proprietary rights and freedom to operate and access. Recommendations therefore
range from calls for stronger, clearer patent laws**® to calls for limits on patent pro-
tection.”®! Recommended mechanisms to enhance freedom to operate include the
creation of gene-patent clearinghouses®®* and patent pools.”®> For genetic testing in
particular, advocates for accessibility recommend using compulsory licensing,*** re-
quiring reasonable royalties,”® or instituting march-in rights to overcome patent bar-
riers on genetic test development.?®¢ Several authors recommend the creation of a re-
search exemption in the Patent Act?®” that would insulate physicians and researchers
from patent infringement liability, which could stimulate R&D in academic centers.*®
Other exemptions such as protections from patent infringement suits for all diagnos-
289 or genetic testing for patient care purposesm
infringement liability. Recent developments in case law, specifically Alice Corp v. CLS
Bank on the application of patent protections on abstract ideas,*”! continue to con-
tribute to a lack of clarity about the applicability of patent protection for diagnostic
tests. This continued uncertainty undermines patent protections as incentives on ge-
netic diagnostics.

tic use would likewise ease fears of
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Several authors point to incentives for the development of pharmaceuticals for rare
diseases under the US Orphan Drug Act*®> (ODA)** as a model. Incentives under the
ODA have led to the development of drugs for smaller or less-lucrative markets; more
than 400 drugs for rare diseases have been developed since 1983.%”* Recommendations
include repurposing the ODA for PM to incentivize market entry and provide market
exclusivity while avoiding the uncertainties of the patent system.””> Others caution reg-
ulators to revisit provisions of the ODA to ensure that incentives are not misappropri-
ated as science advances and disease categories shift.”’® Additional recommendations
include creating either an ODA-like regulatory pathway for PM-based drugs®®” or a sui
generis framework for PM products.””®

Initiatives like the Humanitarian Device Exemption™” also provide a mechanism
for device manufacturers to short-cut some evidentiary requirements normally associ-
ated with PMA from the FDA. However, some authors note that no period of market
exclusivity is provided under the Exemption and suggest that market exclusivity is a nec-
essary incentive for PM device development. Others recommend implementing incen-
tive programs like the Priority Review Voucher Program,** which provides incentives
for R&D in drugs and biologics for rare pediatric diseases. The Voucher Program does
not currently apply to medical devices.>!

However, the 21st Century Cures Act provides medical device manufacturers in the
PM space with additional incentives in the form of a quicker pathway through FDA ap-
provals. Building on the priority review device pathway, the FDA will have a fast track
for breakthrough medical technologies aimed at patients with life-threatening or irre-
versibly debilitating diseases or conditions, and limited alternatives.>’* In addition, the
Humanitarian Device Exemption has been expanded to include devices that treat con-
ditions that affect up to 8000 people, up from the previous level of 4000 people.>*®

There was also support for more predictable funding for PM, for example, from a
centralized fund or government funding of studies for smaller or underserved popula-
tions.>** President Obama’s PMI is intended to create this kind of incentive. Other au-
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thors call on the FDA to create incentives for PM developers, including reduced FDA
user fees for pharmaceutical companies that work with device manufacturers to incen-
tivize co-development.’* Tax breaks and other incentives for investment in diagnostic
companies to ‘rescue’ drugs that fail in phase II trials might stimulate creation of PGx
data for smaller groups of patients**® and boost overall investment in PM. Finally, one
author suggests forgoing incentive schemes in favor of increasing drug prices to reflect
the costs involved in drug development and allowing the market to create incentives.>"’
Noting the current political climate in the USA regarding high drug prices®*® and the
need to keep drugs affordable in the CMS and in other national healthcare systems,>”

this seems an unworkable policy recommendation.

Challenge: Reimbursement
Uncertain or inadequate reimbursement by public and private payers of diagnostics
and therapeutics creates one of the greatest barriers to the development and adoption
of PM.3!° PM developers and their investors already face a high chance of failure either
in proof of concept or regulatory approval.*!! However, following regulatory approval,
additional uncertainty exists as to whether a PM product will be reimbursed. Lack of
a positive reimbursement decision disincentivizes investment and creates barriers to
use by prescribing and authorizing clinicians and patients.>'> Clinicians may account
for the financial state of a patient in recommending an expensive therapy, and, if no
billing mechanism for a service (eg to order a specific PM diagnostic test) exists, clin-
icians have no financial incentive to perform that service.>!* In public health systems,
like those in Canada and the UK, the government is the payer and simply does not pur-
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chase or provide access to all existing therapies.** The same is true in the USA, where
health insurance plans are determinative of which treatments will be reimbursed. At
a federal level, the CMS makes similar decisions with regard to Medicare and Medi-
caid. Here, we expand on the subthemes related to reimbursement from 87 articles,
including diagnostics and drugs are reimbursed separately (22 articles); insufficient re-
imbursement (17 articles); the ineffectiveness of current health technology assessment
(HTA) for evaluating PM (14 articles); clinical utility is not required for reimburse-
ment decisions (13 articles); the mismatch between evidence required by payers and
regulators (13 articles); a general lack of data (10 articles), more specifically, a lack of
evidence on clinical utility (6 articles); a sense of uncertainty about the reimbursement
of PM (6 articles); fixed reimbursement for technologies treating some diseases (S ar-
ticles); an unwillingness on developers’ parts to invest without assured reimbursement
(3 articles); a mismatch between evidence produced by companies and the payers’
expectations (2 articles); and uncertainty over reimbursement for predictive genotyp-
ing (2 articles).

Ideally, health system payers, in making coverage decisions, require evidence that a
therapy or test is clinically useful—that evidence demonstrates measurable increases
in health or well-being in clinical application.>"> This evidentiary issue is at the crux
of the reimbursement barrier. Evidence of clinical utility is not required for regulatory
approvals and yet it is necessary to meet the threshold for reimbursement.>!® As men-
tioned above, CLIA regulations require that genetic tests meet a threshold of analytic
validity®'” and FDA regulations require evidence of safety and effectiveness in com-
parison with existing standard therapies, which includes data of analytical and clinical
validity.®'® Neither set of approval regulations requires evidence of clinical utility.

The same problems of inadequate data and insufficient evidence for successful navi-
gation of the regulatory approvals system create difficulties for the reimbursement pro-
cess. Evidence of clinical utility is often forthcoming only after PMR and longitudinal
studies and is generally lacking in the field of PM.*!* Data on clinical utility of genetic
tests are particularly hard to develop, in part due to the difficulties correlating genetic
tests and therapies with positive medical outcomes resulting from the underlying limi-
tations of genetic predictors.**’ Since all genetic variants are not directly associated with
a disease or clinical condition, it is difficult to make clear medical predictions based on
genetic information.’*! Absent a clearer relationship between biomarkers, CDx, and
improved health outcomes, payers remain skeptical and reimbursement remains un-
certain. >
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Questions remain about the level of evidence that is required to demonstrate clinical
utility. Data required for regulatory approval differ not only in kind (analytical and clini-
cal validity compared to clinical utility), but also in application of standards required for
reimbursement decisions.*?? There is no standardized method of preparing evidence of
clinical utility, and uncertainty about what technical standards will be used creates con-
fusion for test and drug manufacturers. This adds to the general uncertainty about the
financial viability of PM therapies®** that already results from the expense of R&D and
clinical trials, uncertain success of pharmaceuticals, and the smaller markets to which
PM may be targeted.

Once a medical intervention is proven to be clinically useful, determining its reim-
bursement value is another barrier, one that is particularly troublesome with respect to
CDx.%?° First, the value of genetic information to overall health outcomes is indetermi-
nate, let alone the value of tests that uncover that information.>?® There is no agreed-
upon set of parameters used to evaluate the reimbursement rate of CDx and little
transparency in the reimbursement process.>?” As a nascent field, it is unclear how to
economically evaluate the worth of predictive testing for drug response.>*

HTA and economic evaluation are traditionally used to evaluate the value of new
pharmaceuticals and medical technologies relative to existing standards of care. HTA
bodies have little experience with CDx and uses cost-effectiveness (a measure of the
improvement in health outcomes relative to cost) and clinical utility measures, which
may not be directly applicable.?* The interrelationship between PM therapy and CDx
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means the tests often follow the therapies, resulting in different timelines, different ev-
idence, and interdependence, all of which complicate HTA and reimbursement deci-
sions.330 Complicating the valuation exercises are multiple potential CDx, whose value
may be linked to, or differ from, the value of the therapy.>*! Traditionally reimburse-
ment rates for diagnostics are much lower than pharmaceuticals, and are based on cost,
as low as $50 to $100 per test, rather than value.’> Reimbursement policies based on
cost do not recognize the clinical value or development costs of CDx** thus, the CDx
reimbursement rate is magnitudes lower than for its therapy. This is a major barrier to
independent investment in the development of new and innovative CDx.>** In addi-
tion, the development of value-based analysis for reimbursement for PM is being de-
veloped on an ad hoc, case by case basis, leading to inconsistencies.>*

Comparative Effectiveness Research in Healthcare

Comparative effectiveness research (CER) compares the relative effectiveness of dif-
ferent therapies at improving health outcomes. It is particularly useful in identifying in-
effective therapies. By contrast, cost-effectiveness measures the improvement in health
outcomes relative to cost.>*® CER has become an important part of the US healthcare
industry. This follows the authorization of $1.1 billion in The American Recovery and
Reinvestment Act of 2009°*” to conduct research comparing ‘clinical outcomes, effec-
tiveness, and appropriateness of items, services, and procedures that are used to pre-
vent, diagnose, or treat diseases, disorders, and other health conditions’.**® Competing
needs for scarce healthcare dollars has increased government and healthcare purchaser
initiatives to determine the most effective use of those resources. CER compares the ef-
fectiveness as well as benefits and harms of existing healthcare interventions, including
tests, surgeries, and drugs. As such, its objective is to find the most effective interven-
tions between medical alternatives. Purchasers, governments, and consumers can then
determine which treatments are most effective and least expensive between competing
options. Cost-effectiveness measures remain controversial in the USA, because theyare
the basis for decisions about rationing of healthcare expenses.>*
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Since CER uses aggregate outcomes data to determine whether one treatment op-
tion is less effective than another, it can be very difficult for advocates of PM interven-
tions with smaller groups of patients to contribute data for CER comparisons.**® Out-
comes data for a particular condition may overwhelm a smaller subgroup of patients,
unless the subgroup becomes the basis for comparative analysis.>*! While CER can use
different subgroups for analysis, doing so would require validating the subgroup as ap-
propriate and looking at different data research tools.>** Exacerbating this research dif-
ficulty is the extremely high price of some PM drugs and tests, which, coupled with a
small patient population, disadvantages them in CER. Those making reimbursement
decisions are faced with questions about whether a test, drug, or treatment is worth
purchasing. To justify higher prices, developers of PM will be required to provide more
evidence than is required to support regulatory approval, which excludes considera-
tions of cost.>*3

Companion Diagnostic Reimbursement

Historical structures for reimbursement of diagnostics pose a barrier to investment in
and adoption of CDx. In part, this barrier is the result of the different reimbursement
structures, payers, and codes that exist for drugs and diagnostics.*** Twenty-two arti-
cles raise the disparate treatment of drugs and diagnostics at the payer level; however,
these articles do not discuss the role of hospitals in decision making about diagnostics.
Traditionally, diagnostic tests have been developed in hospital laboratories and the ad-
dition of tests has been under the purview of the director of the laboratory. As such,
tests were part of the hospital budget with no explicit or formal process for their devel-
opment or reimbursement. Thus, a non-transparent adoption process for diagnostics
evolved. As more diagnostics are developed outside the hospital laboratory and sold as
kits to hospitals, they become part of the formal budgeting process and must compete
for those dollars. The prices for commercialized genetic tests and CDx are very expen-
sive, compared to in-house developed diagnostics, even though diagnostic tests cost
less than drugs. This makes it very difficult for a hospital diagnostic budget to absorb a
CDx and puts pressures on laboratory directors to expand their budgets to accommo-
date new CDx.

Where insurance plans are concerned, pharmaceuticals often have a separate plan
from medical services and are generally reimbursed at a higher rate than diagnostics.>**
Drugs are reimbursed according to their value, whereas diagnostics are reimbursed ac-
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cording to their cost, depending on the materials and type of test.>* Pricing of drugs
presents a balance between volume and price; in other words, the lower the volume, the
higher the price that may be charged to make a profit. However, if the patient popula-
tion is small, different incentives must be found or the cost to patients will be high and
hospital formulary restrictions may reduce access.**” Medical diagnostics on the other
hand are generally reimbursed according to Current Procedural Terminology codes
managed by the American Medical Association, and the reimbursement rates estab-
lished by the CMS.>*® The existing reimbursement system has established codes with
fixed rates for certain disease states that would need to be changed for all types of PM
diagnostics to be reimbursed according to their value based on evidence.>* In addi-
tion, Medicare, the American government’s largest health insurance plan, has declared
that it will not pay for most preventative genetic testing.*>° Under statute, CMS cannot
reimburse for preventative services without Congressional approval. It is therefore un-

clear what evidence or reimbursement changes will spur additional coverage of CDx at
the federal level.>!

Recommendations for Reimbursement of PM
Realizing the potential of PM by overcoming reimbursement barriers requires the cre-
ation of closer working relationships and clearer communications between drug and
device manufacturers, regulators, and reimbursement authorities earlier in the drug de-
velopment process.>>* This would ensure that manufacturers understand what kind of
evidence is necessary for reimbursement decisions.>*> While earlier involvement of re-
imbursement agencies requires a shift in traditional timelines, it would enable HTA
and cost-effectiveness considerations to be incorporated earlier in the design of clinical
programs.®** Increasing the predictability of reimbursement for PM products should
facilitate the development of PM.*** Clarifying current reimbursement guidelines and
the basis on which risk-benefit and effectiveness determinations are made would illu-
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Some articles recommend greater alignment between safety regulators and reim-
bursement authorities.>%” In the USA, such alignment would broaden the remit of the
FDA beyond safety and efficacy concerns to include considerations of comparative ef-
fectiveness and clinical utility. Numerous commentators consider this reform not as a
wholesale change but as a novel approach to regulatory approvals specifically aimed at
assessing PM drugs and their CDx. Many stakeholders believe that regulators and re-
searchers should consider clinical utility and cost-effectiveness data in the development
of drugs, biomarkers, and diagnostics.>*®

The creation of shared models of valuation between regulatory and reimburse-
ment authorities, coupled with adoption of complementary evidentiary standards that
include data on clinical utility,**” would facilitate a more predictable return on invest-
ment for PM developers. If regulators require effectiveness data to be generated in clin-
ical trials, these data could create an evidence base for PM to satisfy reimbursement
authorities. Pathways for these data to be passed on to hospitals, clinicians, and payers
could further facilitate adoption of PM products. In addition, where complete effective-
ness evidence is not available, conditional reimbursement could be granted contingent
on generation of additional effectiveness evidence and ongoing CER.>* This would re-
quire alignment between conditional regulatory approvals and conditional reimburse-
ment, both of which would be reliant on postmarket data collection. Reimbursement
authorities might require submission of a strategy for how postmarket evidence will be
generated prior to unconditional approval.361 Consequently, drug and device manufac-
turers need to develop standardized methods to assess validity and utility. This will pro-
vide data to reimbursement authorities in a standardized fashion.>** Developing and
harmonizing clinical best practices and practices for modeling economic outcomes of
PM will be an important part of this exercise.

Other recommendations advocate greater change to reimbursement policies, in-
cluding a move away from cost-based reimbursement of diagnostics to value-based re-
imbursement.>®> Focusing on value rather than on technology or process will create
incentives for investment in CDx and move diagnostics onto a more level playing field
with drug reimbursement.>** While this would certainly create incentives to invest in
diagnostics, it is unclear what the overall impact of such a change would be on health-
care costs and resource allocation. Keeping costs under control in this scenario might
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involve federal price controls on patented tests and pharmaceuticals.>® Other systemic
changes include changing the reimbursement codes that are used by clinicians, hos-
pitals, and insurance companies to keep up with new advances in diagnostics.>*® This
would enable reimbursement of precision therapeutics and incentivize next-generation
diagnostics that may be more cost-effective than standard treatments that do not seg-
ment the population. However, as whole genome sequencing increases in use for diag-
nosis, greater evidence of its analytic and clinical validity as well as clinical utility should
be required.>*” Finally, a number of authors underline the need for the HTA system
to be changed to respond to PM.3*® HTA needs to be adapted for the evaluation of
combination products and those diagnostics aimed at smaller segments of the patient
population.

CONCLUSION

PM promises to be at the forefront of government and scientific agendas for the foresee-
able future. Since beginning our research, the PMI has motivated significant US health
research and policy action; there will be continued spending, development of infras-
tructure, and data-sharing systems. The FDA final guidance on LDT's is expected at any
time. Revisions to the federal Common Rule will continue to be debated. The open ref-
erence platform of precision FDA will generate information that will help inform future
regulatory directions and decision making. Pharmaceutical and biotechnology compa-
nies will continue to work toward developing personalized treatments and diagnostics,
not just in the USA but around the globe.>®” While the reviewed articles express con-
cern about barriers to PM, they all assume that PM would bring tangible benefits to
patients and/or healthcare systems (a limitation of our study).

Our research revealed the significant regulatory and non-regulatory barriers to the
realization of PM, which will need to be addressed in tandem. In the first instance, while
PMR&D has focused almost exclusively on genetics, it has become clear that genes are
not as predictive as once believed. Indeed, highly prevalent and predictive genetic mu-
tations are uncommon. Thus, the science of PM requires broadening to include fields
such as proteomics, metabolomics, and cell therapies. In addition, there is alack of clini-
cal uptake of PM by healthcare providers resulting from both structural and human fac-
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tors. The structural barriers include the traditional focus on treatment of disease rather
than its prevention in the current US healthcare system.>”® PM tests will require greater
resources and expertise for interpretation and explanation of the meaning of test results
for patients.371 Human factors include inadequate clinician education and/or training
in PM, especially genetics, and, therefore, lack of expertise and comfort with interpreta-
372 and how best to counsel patients. Lack of training inhibits clinical
uptake, which, in turn, will impede the generation of data on clinical utility of PM prod-
ucts and services.

Addressing the structural, financial, and regulatory barriers to PM needs to proceed
in lock-step with scientific advances if PM is to reach its promised potential. Indicators
are that reforms will be propelled by the scientific community, industry, political will,
and, most importantly, the patient advocacy community—the ultimate beneficiary of
PM technologies and services.

Personalized medicine search terms: theranostic* OR personalized medicine® OR
personalised medicine® OR individualized medicine® OR individualised medicine*

tion of test results

OR pharmacogenetic* OR targeted therap* OR pharmacogenomic* OR compan-
ion diagnostic* OR genomic test” OR stratified medicine® OR precision medicine™
OR biotherap® OR co-dependent technolog® OR co-dependent technolog” OR
codependent technolog” OR hybrid technolog” OR genomic medicine® OR cus-
tomized medicine® OR customised medicine® OR integrated diagnostic* OR inte-
grated therapeutic* OR molecular targeted therap® OR P4 medicine® OR patient spe-
cific therap® OR personalized molecular cancer therap® OR personalised molecular
cancer therap®™ OR personalised molecular cancer therap® OR personalized cancer
therap® OR personalised cancer therap® OR individualized cell therap® OR individ-
ualised cell therap® OR PGX OR pharmacoproteomic* OR pharmacometabolomic*
OR stratified therap™ OR tailored therap™ OR targeted drug therap* OR (diagnosti*
OR prognosti* AND personalized OR personalised OR companion OR codependent
OR stratified OR genomic OR individual® OR pharmacogenomic®).
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