








Drug Repurposing Ecosystem

through mTOR inhibition. 335 Whatever the mechanism, long-
term treatment of type II diabetes with metformin correlates
with a lower incidence of cancer.336 In studies of diabetic and
non-diabetic cancer patients, metformin treatment appears to
improve overall cancer survival for both groups.33 7

In a 2005 paper published in the British Medical Journal,
researchers at the University of Dundee hypothesized that
metformin's mechanism of action activated the tumor
suppressing protein kinase LKB1. 338 In other words, the
association between metformin and improved cancer outcomes
was not just its effect on insulin or insulin receptors, but also
involved an independent effect on tumor-suppressing enzymes.
The paper prompted a wave of academic research in Canada, the
United States, and the United Kingdom, into not only the
association between metformin use and reduced cancer risk, but
also the extent and nature of its ability to suppress cancer cell
growth. 339 Josie Evans at Dundee and her research team
performed a population study using two databases, a diabetes
clinical information system (DARTS) and a database of
dispensed prescriptions (MEMO), to identify type II diabetes
patients, their treatments, and whether they were later
admitted to the hospital with a diagnosis for malignant
cancer.340

Based on epidemiological studies identifying an increase in
cancer incidence in patients with type II diabetes, Bowker et al.
performed a subsequent population study, using the databases
of Saskatchewan Health to explore the role that antidiabetic
treatments may have on this relationship.341 They found that
patients receiving metformin, either alone or in combination
with other drugs, for the treatment of type II diabetes were

335 Hua Xu et al., Validating Drug Repurposing Signals Using Electronic Health Records:
A Case Study of Metformin Associated with Reduced Cancer Mortality, J. AM. MED.
INFORMATICS ASSOC. 179 (2014).

336 See Leone et. al., supra note 331, at 363-66.
331 Xu et al., supra note 335, at 179.
338 See Josie M.M. Evans et al., Metformin and Reduced Risk of Cancer in Diabetic

Patients, 330 BMJ 1304 (2005).
339 Pamela J. Goodwin & Vuk Stambolic, Obesity and Insulin Resistance in Breast

Cancer Chemoprevention Strategies with a Focus on Metformin, 20 BREAST S31,
S32 (2011); see Evans et al., supra note 338.

340 Evans et al., supra note 338, at 1304.
341 Samantha L. Bowker et al., Increased Cancer-Related Mortality for Patients with

Type II Diabetes Who Use Sulfonylureas or Insulin, 29 DIABETES CARE 254 (2006).
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significantly less likely to die from cancer-related causes than
patients being treated with sulfonylureas or insulin.342

In the United States, results from laboratory and limited
cohort studies both domestically and from British and Canadian
researchers have been extrapolated over larger populations
using databases assembled by major medical research
organizations. Sao Jiralerspong et al. at the Baylor School of
Medicine performed a retrospective study of 68 diabetic breast
cancer patients taking metformin during neoadjuvant
(administration of chemical agents before a main treatment)
chemotherapy (the metformin group), 87 diabetic patients not
taking metformin during neoadjuvant chemotherapy (the
nonmetformin group), and 2,374 nondiabetic breast cancer
patients (the nondiabetic group) using M.D. Anderson Cancer
Center's Breast Cancer Management System Database.343 They
found that diabetic patients being treated with metformin in
addition to their other neoadjuvant therapy had significantly
higher rates of response than diabetic patients who were treated
with other antidiabetic therapies.344

Building on this research, Patricia Goodwin and colleagues
at the University of Toronto administered metformin to non-
diabetic patients with recently diagnosed breast cancer prior to
tumor excision.345 Participants received metformin for a mean of
eighteen days, continuing until the evening before surgery.346

Goodwin's study not only found a decrease in tumor proliferation
following metformin treatment, but also an increase in apoptosis.
347 A collaboration between researchers at the University of
Texas, Vanderbilt, and Mayo Clinic linked two large electronic
health record databases from Vanderbilt University Medical
Center and Mayo Clinic with their tumor registries, and
constructed a cohort including 32,415 adults with a cancer

342 Id. at 255-56. Bowker et al. admit that population studies using administrative

databases often fail to account for important clinical information such as glycemic
control, weight, BMI, or smoking status.

343 Sao Jiralerspong et al., Metformin and Pathologic Complete Responses to
Neoadjuvant Chemotherapy in Diabetic Patients with Breast Cancer, 20 J.
CLINICAL ONCOLOGY 3297, 3298 (2009).

344 Id. at 3300.
345 Saroj Niraula et al., Metformin in Early Breast Cancer: A Prospective Window of

Opportunity Neoadjuvant Study, 135 BREAST CANCER RES. & TREATMENT 821
(2012).

346 Id. at 824.
341 Pamela J. Goodwin, Insulin in the Adjuvant Breast Cancer Setting: A Novel

Therapeutic Target for Lifestyle and Pharmacologic Interventions?, 26 J.
CLINICAL ONCOLOGY 833 (2008); Pamela J. Goodwin, Metformin in Breast Cancer:
Time for Action, 27 J. CLINICAL ONCOLOGY 3271-3273 (2009); see Saroj Niraula et
al., supra note 345, at 826; see also Jiralerspong et al., supra note 343, at 3297.
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diagnosis at Vanderbilt and 79,258 cancer patients at Mayo
from 1995 to 2010. 348 Using automated informatics methods,
they identified type II diabetes patients within the cancer cohort
and determined their drug exposure information, as well as
other covariates such as smoking status. 349 They evaluated
health records for all-cause mortality and patients' metformin
exposure, adjusted for age at diagnosis, sex, race, body mass
index, tobacco use, insulin use, and cancer type.350 Among all
Vanderbilt cancer patients, metformin was associated with a
22% decrease in overall mortality compared to other oral
hypoglycemic medications, and with a 39% decrease compared to
type II diabetes patients on insulin only.351 Diabetic patients on
metformin also had a 23% improved survival compared with
non-diabetic patients.352 The associations were replicated using
Mayo Clinic's electronic health records data. Many site-specific
cancers, including breast, colorectal, lung, and prostate,
demonstrated reduced mortality with metformin use in at least
one electronic health record. Metformin has been associated
with positive outcomes or cell inhibition in colorectal, pancreatic,
hepatocellular, lung, 353 prostate, endometrial, and ovarian
cancers, as well as gliomas.354

Like other potential uses, the use of metformin to treat
cancer needs more exploration to answer several questions.355

First, metformin's exact mechanism of effect on cancer cells is
currently unknown. 356 Second, research has uncovered a
generalized anticancer effect, but metformin may be most
effective against certain types of cancer357 such as cancers of the
liver and pancreas.358 Finally, cancer treatment may require
higher doses and different methods of delivery than those used
to treat diabetes; oral use may not result in sufficient
concentration of metformin to achieve a satisfactory clinical
result.359 It is also possible that the other biguanides, such as

348 Xu et al., supra note 335.
349 Id.
350 Id.

351 Id.
352 Id.
353 Ana Elisa Lohmann & Pamela J. Goodwin, Hype Versus Hope: Metformin and

Vitamin D as Anticancer Agents, AM. SOC'Y CLINICAL ONCOLOGY EDUC. BOOK e69-
e74 (2014).

354 Ryan J.O. Dowling et al., Understanding the Benefit of Metformin Use in Cancer
Treatment, 9 BMC MED. 2 (2011).

355 Pollack, supra note 329, at 593.
356 See Xu et al., supra note 335, at 184.
357 Id.
358 Leone et al., supra note 331.
359 Pollack, supra note 329, at 592.
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phenformin, may be more effective for cancer treatment because
they are less dependent on active transport, addressing some of
the potential dosing and delivery issues. 360 Although other
biguanides are more toxic than metformin, they still have a
lower risk of serious side effects than most conventional cancer
treatments.36

1

3. Non-Alcoholic Fatty Liver Disease

The use of metformin to treat non-alcoholic fatty liver disease
is attributable to clinicians at Johns Hopkins, who prescribed
metformin to treat the condition notwithstanding its
contraindication for patients with liver disease.36 2 Nonalcoholic
fatty liver disease is a term used to describe the accumulation of
fat in the liver of people who drink little or no alcohol. 363

Nonalcoholic fatty liver disease is common and, for most people,
causes no signs and symptoms and no complications.36 4 But in
some people with nonalcoholic fatty liver disease, the fat that
accumulates can cause inflammation and scarring in the liver.36 5

At its most severe, nonalcoholic fatty liver disease can progress
to liver failure.366

Non-alcoholic fatty liver disease is a common condition in
patients with type II diabetes and insulin resistance.36 7 Other
than interest in using metformin to treat fatty liver disease,
there is no pharmacological agent known to prevent or reverse
fatty liver disease.368 Because it is often associated with obesity

360 Samuel E. Weinberg & Navdeep S. Chandel, Targeting Mitochondria Metabolism for

Cancer Therapy, 11 NATURE CHEMICAL BIOLOGY 9, 9-15 (2015).
361 Pollack, supra note 329.
362 Hui Zhi Lin et al., Metformin Reverses Fatty Liver Disease in Obese, Leptin-

deficient Mice, 6 NATURE MED. 998, 998 (2000) ("Recently, some clinicians noted
improved liver test abnormalities in a few patients with fatty liver disease that
were treated with metformin. However, because lactic acidosis is a rare
complication of metformin, liver disease is often considered to be a
contraindication for metformin therapy...").

363 Nonalcoholic Fatty Liver Disease, MAYO CLINIC, http://www.mayoclinic.org/diseases-
conditions/nonalcoholic-fatty-liver-diseas e/basics /definition/con -
20027761[https://perma.cc/27B3-MHHS].

364 Emily Carey et al., Nonalcoholic Fatty Liver Disease, CLEVELAND CLINIC (Mar.

2013),
http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/hepatolo
gy/nonalcoholic-fatty-liver-disea se/ [https://perma.cc/AR58-R692].

365 Id.
366 Id.
367 Lin et. al., supra note 362.
368 Treatment and Drugs: Fatty Liver Disease, MAYO CLINIC

http://www.mayoclinic.org/diseases-conditions/nonalcoholic-fatty-liver-
disease/basics/treatment/con-20027761 [https://perma.cc/G53B-NUAZ] ("No
FDA-approved drug treatment exists for nonalcoholic fatty liver disease, but a
few drugs are being studied with promising results.").
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and type II diabetes, treatment is primarily focused on weight
management through diet and exercise.36 9 However, this is not
always sufficient to improve outcomes in fatty liver disease
patients,370 and it is not helpful for normal-weight patients.371

Based on a strong association between fatty liver disease and
hyperinsulinemia and insulin resistance in patients, 372 Lin et al.
tested metformin's effectiveness in obese, hyperinsulinemic, and
insulin-resistant mice with fatty liver disease.373 They found
that both a combination of caloric restriction and metformin and
caloric restriction alone led to improvement in liver enlargement,
but the effect was greater with metformin treatment. 374 In
addition, metformin treatment virtually eliminated fat
accumulation in the liver, whereas calorie restriction alone had
no effect on fat accumulation.375

Building on Lin's work, Guilio Marchesini and his team at
Italy's University of Bologna completed the first human study
using metformin to treat fatty liver disease. 376 They
administered metformin to non-diabetic patients with fatty liver
disease for four months. 377 In addition, patients were
encouraged to reduce their lipid and non-complex carbohydrate
intake and to increase their physical activity. 378 Following
treatment, patients who received metformin in addition to diet
and exercise demonstrated a greater decrease in alanine
transaminase concentration as well as liver volume. 379

Participants receiving metformin also had significant increases
in insulin sensitivity. 380 Marchesini et al. concluded that diet
and exercise combined with metformin was more effective at
treating fatty liver disease than diet and exercise alone. 381

Marchesini's study spurred a number of small adult trials as
well as research into therapies for children and adolescents.

Academic physicians at the University of Colorado-Denver
developed a pediatric study for metformin therapy, because
rising pediatric obesity rates corresponded to increases in the

369 Id.
370 Id.

371 Giulio Marchesini et al., Metformin in Non-Alcoholic Steatohepatitis, 358
LANCET 893, 893 (2001).

372 Lin et al., supra note 362, at 998.
373 Id. at 1001.
374 Id. at 998.

375 Id. at 998-99.

376 Marchesini et al., supra note 371, at 894.
377 Id. at 893-94.
378 Id. at 894.

379 Id.
380 Id.
381 Id.
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incidence of fatty liver disease among children and
adolescents.382 The shortage of effective treatments for fatty
liver disease is particularly troubling in this context for two
reasons: (1) fatty liver disease is more likely to progress to
cirrhosis and fibrosis in youth, and (2) lifestyle changes are more
difficult to sustain in adolescents. 383 They administered
metformin to obese, non-diabetic twelve-to-eighteen-year-old
participants who either exhibited existing fatty liver disease or
who were at risk for fatty liver disease.38 4 After six months of
treatment, participants with fatty liver disease showed
significant decreases in fasting insulin and fatty liver score, and
fatty liver disease resolved completely in several subjects.38 5 No
participants without fatty liver disease at baseline developed
fatty liver disease while undergoing metformin treatment.386

To date, there are no approved drugs to treat non-alcoholic
fatty liver disease and, based on these studies, metformin is
widely prescribed off-label to treat the condition.387

V. THE REPURPOSING OF METFORMIN AND THE CURRENT

INCENTIVE DEBATE

Metformin therefore represents exactly the kind of
problem current scholars and industry advocates say occurs with
drug repurposing. Bristol-Myers Squibb and Merck KGaA sit
upon a trove of consumption, off-label prescription,
pharmacological, toxicological, and clinical trial data related to
metformin. That data may potentially support new drug
applications for the wide range of indications that have a long
history of successful use, like polycystic ovary syndrome, and
new indications, like the cancers for which metformin appears to
be a promising therapy. Moreover, these companies already
have dedicated marketing and promotion staff to metformin who
could, with relative ease, market it for other purposes. The
reason the companies are not contributing their knowledge nor

382 Kristen J. Nadeau et al., Treatment of Non-Alcoholic Fatty Liver Disease with

Metformin Versus Lifestyle Intervention in Insulin-Resistant Adolescents, 10
PEDIATRIC DIABETES 5, 5 (2008).

383 Id. at 6.

384 Id.
385 Id. at 9.

386 Id.
387 Ligong Chen et al., OCTI Is a High-Capacity Thiamine Transporter that Regulates

Hepatic Steatosis and Is a Target of Metformin, 111 PROC. NAT'L AcAD. Sci. 9983
(2014); Press Release, Intercept Receives Breakthrough Therapy Designation from
FDA for Obeticholic Acid for Nonalcoholic Steatohepatitis (NASH) with Liver Fibrosis,
INTERCEPT (Jan. 29, 2015),
http://ir.interceptpharma.com/releasedetail.cfm?releaseid=893699
[https://perma.cc/HX46-D5F6].
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attempting to develop new indications, the argument goes, is
because doing so would result in no benefit to the firms. 388

Physicians would simply prescribe metformin for an alternative,
off-patent or off-exclusivity indication. Indeed, because so many
of metformin's uses are related to patients with comorbidities-
more than one illness-that seems probable8 9

A. Metformin Ascended as a Repurposing Candidate
through Governmental and Academic Investments

Yet without industry investment (Bristol-Myers Squibb has
supported studies for metformin for its primary indication-type
II diabetes), metformin became a breakthrough therapy for
polycystic ovary syndrome and nonalcoholic fatty liver disease,
and "numerous early stage clinical trials are currently under
way to investigate metformin's potential to prevent an array of
cancers". For polycystic ovary syndrome, metformin's promise
was discovered as most repurposed drugs have been discovered:
through serendipity. For nonalcoholic fatty liver disease,
researchers prescribed metformin for patients that had a
contraindicated condition-liver disease-because they
understood how metformin worked in diabetes patients and why
it might work for nonalcoholic fatty liver disease. Metformin's
potential for cancer prevention and treatment-including early
stage clinical trials-was similarly driven by academic
researchers and financial support from the National Cancer
Institute and the National Institute for Diabetes and Digestive
and Kidney Diseases.390

This finding is consistent with analyses undertaken over a
wider range of breakthrough drugs.391 In a recent study, Aaron
Kesselheim, Yongtian Tina Tan, and Jerry Avorn determined
that of twenty-six transformative drugs approved between 1984
and 2009, a complex set of relationships between academic
researchers, industry, and governmental funders explained the
emergence of breakthrough therapies; nine drugs were
repurposed.392 Their findings at the very least suggest caution in

388 See Graham Rena et al., Molecular Mechanisms of Action of Metformin: Old or New

Insights, 56 DIABETOLOGY 1898, 1904 (2013) ("What about new drugs? At first sight,
the impressive safety profile and low cost of metformin itself might discourage
pharmaceutical companies from developing drugs that act in a similar manner.").

389 See id.
3.90 Metformin: Can a Diabetes Drug Help Prevent Cancer?, NATL CANCER INST.,

http://www.cancer.gov/about-cancer/causes-prevention/research/metformin
[https://perma.cc/5PF4-9Y9B].

391 Arti Rai & Rebecca Eisenberg, The Public Domain: Bayh-Dole Reform and the Process
of Biomedicine, 66 LAw & CONTEMP. PROB. 289 (2003).

392 Kesselheim et al., supra note 43, at 396.
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determining which actors in the health system, operating under
different incentives, are best placed to promote repurposing
activity.

B. Using Currently Proposed Market Exclusivity
Incentives Would Not Have Resulted in Metformin's Ascent

as a Rep urposed Drug

1. Clinical Trials for Alternative Uses May
Undermine Metformin's Profitability for Its
Primary Indication

Conversely, it is not clear that extending market exclusivity
incentives in the hopes of generating more repurposing
activity-especially Phase II and Phase III clinical trials-would
generate the kinds of investments advocates predict. First, there
is a chance that additional Phase II or Phase III trials for
alternative indications may expose adverse events-like cardiac
events-that would negatively impact Bristol-Myers Squibb's
and Merck KGaA's global market for the drug. 393 Because type
II diabetes is associated with four times greater risk of
developing cardiovascular disease compared with nondiabetic
patients, extensive clinical trials for alternative indications are
likely to bring greater clarity as to the relationship between
metformin-alone or in combination with other drugs-with
cardiac events, including the possibility of a negative
relationship. 394

In a meta-analysis of randomized controlled trials evaluating
metformin efficacy (in studies of metformin versus diet alone,
versus a placebo, and versus no treatment; metformin as an add-
on therapy; and metformin withdrawal) against cardiovascular
morbidity or mortality in patients with type II diabetes,
researchers at the Universite de Poiters concluded that
"[a]lthough metformin is considered the gold standard, its

393 Thayer, supra note 24 ("Other companies shy away from repurposing efforts after
approval because of what they might uncover. Merck & Co.'s experience with Vioxx is
a cautionary tale, points out David P. Cavalla, founder of Cambridge, England-
based Numedicus, which provides services around repurposing. After getting approval
for the drug as an analgesic, Merck began testing it for treating colon polyps.
Cardiovascular issues that arose had to be reported to regulators and scuttled the
blockbuster entirely.").

394 Erin L. St. Onge et al., A Review of Cardiovascular Risks Associated with Medications
Used to Treat Type-2 Diabetes Mellitus, 34 PHARmAcY & THERAPEUTICS 368 (2009).
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benefit/risk ratio remains uncertain. We cannot exclude a 25%
reduction or a 31% increase in all-cause mortality."395

There is therefore a strong incentive for firms to avoid
additional knowledge of metformin risks given its already
lucrative status.

2. Current Proposals Would Encourage Firms to
Explore Only One (Potentially Suboptimal)
Alternative Use

Second, even if product liability hesitations were overcome,
the incentives now proposed might not be enough to move
metformin into clinical trials for alternative uses. Those
incentives, advocated by members of Congress like Orrin Hatch
and industry leaders like Don Frail, include twelve to fifteen
years of market exclusivity on the entire drug for a new use that
meets an unmet medical need. Consider a law that creates a
class of drugs designated as "dormant therapies," new drugs or
new biological products made the subject of a request for
designation in compliance with the legislation. 396 The
assignment of dormant therapy would be given to a drug or new
biological product that had been determined to have
insufficient patent protection and that meets an unmet medical
need, improves outcomes, or reduces risk compared to existing
treatments. In its request for designation of dormant therapy,
the manufacturer would provide a list of all patents and
applications for patents to which the manufacturer has rights,
and must agree to waive those rights in order to receive the
designation. 397 The law, as it was proposed, would provide
fifteen years' data exclusivity to encourage manufacturers to
investigate a dormant therapy to determine if it could prevent,
slow the progression of, or cure diseases. The Secretary of
Health and Human Services would be required to make its
determinations available to the public, and could not approve a
generic for a drug or biosimilar or a biological product that has
the same active ingredient as a drug that has been designated a
dormant therapy.398

Under that regime, if Bristol-Myers Squibb or Merck KGaA
obtained a new use approval for metformin for polycystic ovary
syndrome or cancer, it would then be able to re-impose the high

395 R~my Boussageon et al., Reappraisal of Metformin Efficacy in the Treatment of
Type 2 Diabetes: A Meta-Analysis of Randomized Controlled Trials, 9 PLOS MED.
e1001204 (2012).

396 Dormant Therapies Act, S. 3004, 113th Cong. (2014)
397 Id.
398 Id.
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prices it charged for metformin for all uses, including type II
diabetes, with severe effects on the millions of people who now
take the drug because it is incredibly affordable to do so.399 More
importantly, why then would it undertake the costs of clinical
trials for metformin's other uses if it exhausted the benefit of the
law with the first dormant therapy designation that satisfied the
statutory requirement? In the aggregate, such a regime would
reduce repurposing activity.

One of the emerging lessons from the Orphan Drug Act
experience is that once an exclusivity designation is authorized
under law, it will tend to attract more research and investment,
even when the designation results in the raised cost of
previously inexpensive medications.400 Indeed, as this Article
and substantial medical evidence shows, the primary incentive
problem is the funding of Phase II and Phase III clinical trials
for new indications, for which an alternative reimbursement
structure might be constructed without giving market
exclusivity with unpredictable effects.40 1

C. Creating Statutory Market Exclusivity Extensions for
New Uses That Are Not Absolute Would be Vulnerable to

Off-Label Prescription

Even should more effective use patents or market exclusivity
mechanisms be adopted to encourage new use approvals, there
are significant practical limitations. The uses for which
metformin has shown therapeutic promise could easily justify a
physician's prescription as part of a relatively minor
intervention. So even if changes in the law allowed Bristol-
Myers Squibb to obtain market exclusivity for metformin to
treat polycystic ovary syndrome, nonalcoholic fatty liver disease,
or breast cancer, prescribers could still circumvent that market

399 Michael T. Eaddy et al., How Patient Cost-Sharing Trends Affect Adherence and
Outcomes, 37 PHARMACY & THERAPEUTICS 45 (2012); Lisa M. Hess et al., Measurement
of Adherence in Pharmacy Administrative Databases: A Proposal for Standard
Definitions and Preferred Measures. 40 ANNALS PHARMACOTHERAPY 1280 (2006);
Ramin Mojtabai & Mark Olfson, Medication Costs, Adherence, and Health Outcomes
Among Medicare Beneficiaries. 22 HEALTH AFF. 220 (2003); Rishi Sikka et al.,
Estimating Medication Adherence Using Administrative Claims Data. 11 AM. J.
MANAGED CARE 449 (2005).

400 Letter from Orrin Hatch, Chuck Grassley, & Tom Cotton, U.S. Senators, to Hon. Gene
L. Dodaro, Comptroller Gen. of U.S. Gov't Accountability Office (Mar. 3, 2017),
https:Hkaiserhealthnews.files.wordpress.com/2017/03/gao-request-oda-signed1-002.pdf
[https://perma.cc/SPG9-YRHP].

401 Paul & Lewis-Hall, supra note 54, at 187.
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exclusivity by instructing use of metformin for short-term
weight loss as part of a broader lifestyle intervention.4 02

D. Additional Market Exclusivities May Undermine
Industry-Academic Collaboration

Repurposing has often been accomplished through industry-
university collaborations, especially when industry-based
researchers encounter unusual results in the course of
investigating a drug candidate for a specific purpose and then
reach out to academic experts to help them explain the
phenomena. It is possible that eliminating the uncertainty
surrounding method-of-use patents, extending market
exclusivity for drugs approved through the section 505(b)(2)
process, or even off-label prescription as discussed below may
facilitate more of these partnerships and therefore more
repurposed candidates. In the current system, there is
overwhelming consensus that substantial transaction costs
stand in the way of effective partnerships between large
pharmaceutical firms and smaller biotechnology players,
universities, and public research institutions. 403 With
entitlements to intellectual property clearly delineated, the
argument goes, large pharmaceutical firms would be positioned
to control research and development partnerships so as to
protect lucrative IP assets while licensing aspects of the
research and development process to the entities best suited to
undertake their respective tasks.404

402 SARAH H. BEACHY ET AL., DRUG REPURPOSING AND REPOSITIONING: WORKSHOP SUMMARY

47 (2014), http://www.ncbi.nlm.nih. gov/books/NBK202175/pdf/TOC.pdf
[https://perma.ce/FM6L-E2Y3].

403 Ian Cockburn & Rebecca Henderson, Public-Private Interaction in Pharmaceutical

Research, 93 PROC. NATL AcAD. Sci. 12725 (1996); Peter Lee, Transcending the Tacit
Dimension: Patents, Relationships, and Organizational Integration in Technology
Transfer, 100 CAL. L. REV. 1503, 1534 (2012); Michael D. Rawlins, Cutting the Cost of
Drug Development?, 3 NATURE REVIEWS DRUG DISCOVERY 360 (2004).

404 Katherine J. Strandburg, Intellectual Property at the Boundary (N.Y.U. Public Law &
Legal Theory Working Papers, Paper No. 432, 2013),
http://lsr.nellco.org/cgi/viewcontent.cgi?article= 1431 &context=nyu plltwp
[https://perma.cc/T7XY-94YJ] ("Of course, intellectual property rights may be more or
less well-suited to different creative enterprises. If creative outputs are well-
delineated, with relatively well-understood potential embodiments and relatively
predictable downstream co-mingling, the legally-defined contours of patent or
copyright may 'fit' relatively well. Unfortunately, this is rarely the case, meaning that,
despite its potential to solve various incentive problems, intellectual property is a
costly system for structuring creative interactions."); COMMISSION EUR. COMMUNITIES,

VOLUNTARY GUIDELINES FOR UNIVERSITIES AND OTHER RESEARCH INSTITUTIONS TO

IMPROVE THEIR LINKS WITH INDUSTRY ACROSS EUROPE 10-12 (2007).
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While it is an open question, there are good reasons to doubt
that greater control over a drug's marketability will not
encourage effective knowledge sharing.405 Peter Lee has argued
in the context of Myriad Genetics' BRCA1 and BRCA2
diagnostic tests that its selective control over the genes (before
that control was deemed partially invalid by the U.S. Supreme
Court) deterred rather than encouraged research into both the
underlying genes as well as potentially improved diagnostics.406

The problem of firms and their internal researchers having
discrete disease portfolios and therefore limiting new use
investigations to within those controlling schema would appear
to be steepened rather than resolved by creating incentives to
keep drugs in house.407

E. Additional Market Exclusivities Will Unavoidably
Implicate Socially Undesirable Evergreening Strategies

Between the current Hatch-Waxman regime and the kind of
market exclusivity envisioned under many recent legislative
proposals is the possibility of use-by-use determinations as now
undertaken by the FDA for new drug applications that cite
literature (published versions of studies) or a previously

405 Liza S. Vertinsky, Patents, Partnerships, and the Precompetitive Collaboration Myth,

48 U.C. DAViS L. REV. 1509, 1540 (2015) ("The incentive problems that patents create
for partnerships also lead to higher transaction costs in the negotiation of partnership
agreements, particularly provisions concerning intellectual property ownership and
use, and increase the possibility that no agreement will be reached").

406 Peter Lee, The Supreme Court's Myriad Effects on Scientific Research: Definitional
Fluidity and the Legal Construction of Nature, 5 U.C. IRVINE L. REV. 1077, 1083-84
(2015) ("Myriad's narrow conception of 'research' use, however, created difficulties for
scientists seeking to conduct BRCA research. In May 1998, Myriad Genetics accused
University of Pennsylvania cancer researchers Dr. Arupa Ganguly and Dr. Haig
Kazazian of infringing five of its patents. Myriad offered the researchers a license, but
it was 'of very limited scope,' as it would have prevented the scientists from
completing diagnostic testing services for BRCA1 or conducting comprehensive
research on the gene. Ultimately, the researchers ceased 'all BRCA1 and BRCA2
testing, whether for research or clinical purposes.' In particular, the inability to share
diagnostic results with test subjects made it more difficult for scientists to enlist
patients in research studies. This restriction especially discouraged the most
important potential research subjects-those with a family history of breast cancer-
from participating in studies. Although Myriad offered to perform full-gene 'research'
sequencing at its own laboratory for a discount, the fee was still substantial.
Furthermore, the requirement of submitting samples to Myriad would have foreclosed
researchers from utilizing their own preferred sequencing techniques. Commentators
suggest that chilled research on the BRCA1 and BRCA2 genes may have delayed
important discoveries, such as the role of 'big deletions' in developing breast cancer.").

407 Thomas P. Stossel, Regulating Academic-Industrial Research Relationships Solving

Problems or Stifling Progress?, 353 NEw ENG. J. MED. 1060 (2005); see Kendall W. Artz
& Thomas H. Brush, Asset Specificity, Uncertainty and Relational Norms: An
Examination of Coordination Costs in Collaborative Strategic Alliances, 41 J. ECON.
BEHAV. & ORG. 337 (2000).
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approved product. 408 When they work, they effectively give
pharmaceutical firms an incentive to evergreen their drugs
through incremental improvements that may nevertheless
qualify as new uses. That is what Bristol-Myers Squibb
endeavored to do with the introduction of Glucophage XR and
Glucovance, as well as its investments in earning an additional
pediatric indication and corresponding six-month exclusivity
window. A 2011 paper in Nature Biotechnology suggests that
pharmaceutical firms' strategy is conscientiously oriented
toward filing new drug applications and patents so as to
maximize exclusivity windows.409 While certain definitions and
designations may help draw the line between a meaningful
"breakthrough" therapy and a relatively minor adjustment to
dose, drug combination, or method of administration, any
additional categorization will open additional avenues for firms
to claim market exclusivities that may not generate the social
benefits those exclusivities were intended to achieve.

In short, deploying the kinds of market exclusivity incentives
now being advocated may result in less repurposing activity,
including reduced opportunity for serendipitous discovery and
revelations made through academic practice, even if it does
increase industry activity.

F. Giving Pharmaceutical Firms Access to Physician
Prescription Practices Will Generate as Much or More Off-
Label Promotion Activity and Compromise the Physician-

Patient Relationship

Ben Roin argues that the problem of new uses is not an
exclusivity problem, but an information problem-firms simply
need to know when physicians are prescribing off-label, so that
they can enforce existing exclusivities under law.410 Monitoring
prescribers' off-label activity, he argues, could be solved by
giving pharmaceutical firms access to patient health records
(with personally identifiable information redacted) so they could
effectively price their products fully informed by prescription
practices.411 Insurers and pharmaceutical benefit management
firms routinely require doctors to report a patient's diagnosis
and health records before the insurance company will authorize

408 Eisenberg, supra note 8, at 720 (2005).
409 Gaudry, supra note 102, at 876-78.
410 Roin, supra note 26.
411 Id.
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payment for expensive brand name drugs. 412 By granting
pharmaceutical companies limited access to patient records in
order to check the accuracy of reported diagnoses and
prescriptions, they would be able to charge payers when doctors
prescribe an old drug for a new use or require pharmacists to
dispense the expensive brand name drug rather than a generic
when it is prescribed for patented indications.4 1 3 Although this
would require some expansion of the Health Information
Portability and Accountability Act ("HIPAA"), Roin argues it
could be a workable solution to increase the profitability of
repurposed drugs.

Like market exclusivity approaches, however, giving large
pharmaceutical firms access to electronic medical records for
purposes of monitoring off-label activity confronts its own set of
practical limitations. First, it is not clear that pharmaceutical
benefit management firms-insurers' agents-are particularly
good at using "medically necessary" limitations to affect
prescription behavior. 414 Roin cites pharmaceutical benefit
management companies themselves for the proposition that they
have "had great success at preventing payments for drugs not
prescribed for medically accepted indications," but academic
analyses, supported by judicial decisions, have largely
determined that "this tactic has met with limited success.' 415

Politically speaking, the off-label system largely drives down (at
least direct) costs setting up a confrontation between the
interests of payers and pharmaceutical firms in any effort to
amend HIPAA which Roin's proposal requires.416

Even assuming the proposal were practically and politically
viable, the effect on the drug repurposing ecosystem would be
inevitably profound. Pharmaceutical firms would not limit their
use of the prescribing information for pricing, and there would
be no effective way to make them do so. Now-unconstitutional
legislative efforts by physicians to limit pharmaceutical
company influence have been based on the combination of data
and soft coercion that physicians both resent and worry may

412 Id.
413 Id.
414 Katherine T. Adams, The Off-Label Conundrum, 3 BIOTECHNOLOGY HEALTHCARE 27

(2006) ("In fact, Pezalla, at Prescription Solutions, estimates that at least half the
pharmacy benefit manager's total reimbursement load is for off-label usage.").

415 Abbott & Ayres, supra note 186, at 392.
416 Mark Gaynor et al., A Tale of Two Standards: Strengthening HIPAA Security

Regulations Using the PCI-DSS, 4 HEALTH SYSTEMS 111 (2015) (noting the general
difficulty with amending HIPAA).
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affect their patient care practices. 417 Pharmaceutical firms
already capture revenues from alternative uses through their
off-label marketing activity. Giving pharmaceutical firms access
to physician prescription practices would just increase the
revenue stream flowing from off-label marketing practices and
would potentially distort the kind of clinical off-label practice
that has given rise to new use breakthroughs, to say nothing of
patient care generally.418

Thalidomide was initially licensed for the treatment of
erythema nodosum leprosum in 1998, and it was not until 2006
that thalidomide was approved for the treatment of myeloma.419

Yet, in this time period, more than 720,000 thalidomide
prescriptions were written, with only 0.1% of prescriptions for
the label indication of erythema nodosum leprosum. 420 The
initial off-label use of thalidomide for the treatment of myeloma
after approval for leprosy highlights a broader issue in drug
repurposing related to the need to obtain a labeled indication.421

The potential new use for an old drug may be quickly and widely
disseminated through publications and presentations.422 If the
drug is currently available in an appropriate formulation, off-

417 Tamara Piety, A Necessary Cost of Freedom?, 64 ALA. L. REV. (2012) ("Pharmaceutical

companies pay hundreds of thousands of dollars to third-party firms that gather sales
data from the nation's pharmacy chains; reps get detailed reports informing them how
many prescriptions--of their own drugs, as well as those of their competitors-each
doctor has written in a particular week. This allows the rep who discovers that a
promise hasn't been honored to police the promise: 'Now, Doctor, last month you
agreed to try Zithromax in your next ten otitis media patients. What stopped you from
doing so?' . . . . IMS Health, Inc., the plaintiff in the Sorrell case, is one such
prescription drug information intermediary. It gathers information from pharmacies
about the prescriptions doctors write. Although the patients' names in the data are
protected in accordance with the Health Insurance Portability and Accountability Act
of 1996 (HIPPA), prescribers' names are not scrubbed. Thus, IMS and other PDIIs can
organize the data by physician and by drug, so it is possible to see what drugs, and
how much of each, every doctor is prescribing. Companies like IMS Health then buy
lists of licensed physicians from the AMA and cross-reference these records against
the records obtained from the pharmacies, analyze and summarize all of this data,
and then sell it back to interested parties." (internal quotation marks omitted)).

418 Id. ("Predictably, many doctors feel this practice is incredibly intrusive. As one
witness testified, having the detailer know so much information about his prescription
practices 'puts me at a disadvantage that I'm not comfortable being at.' Moreover, the
evidence adduced in the cases litigating statutes like that of Vermont demonstrates
that the purpose of data mining is to stimulate the sales of brand-name drugs. Studies
suggest that 'detailing has "a significant effect on physician prescription behavior."').

419 Sukhai et al., supra note 118.
420 Id.
421 Id.
422 Abbott & Ayres, supra note 186, at 390 ("Off-label drug use ... may also serve as a

pathway to innovation. Off-label drug use can provide valuable data about the effects
of the drug for different conditions and populations, and this data can then be used to
inform future clinical practice.").
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label prescribing could lead to wide adoption of this therapy in
the absence of formal regulatory approval.

VI. CONCLUSION

This article has argued that current solutions to the drug
repurposing problem focus on market exclusivity incentives
without fully exploring the interruptions those incentives may
cause in the drug repurposing ecosystem. That ecosystem, while
certainly dependent in part on innovation driven within and by
large pharmaceutical firms, is equally or more supported by
serendipitous observations by treating physicians, a complex
and opaquely regulated off-label prescription system and, to an
extent not effectively assessed in the current literature, patients'
access to affordable medicines and product liability concerns
held by innovator pharmaceutical firms. This ecosystem is
complex and global, but its focus of activity is not equally
distributed. Even breakthroughs for metformin use initially
discovered in other countries were rapidly developed and more
effectively exploited in the United States. The experience with
metformin suggests that new-use incentives may not be used
where proponents now imagine they will do the most work, and
may in fact erect additional barriers to patient access to
medicines while complicating academic research efforts. Finally,
industry appears to be undertaking repurposing activity as a
natural result of a changing market; therefore, additional
incentives would reward work that was going to be undertaken
anyway. Before there is determined to be a drug repurposing
problem, the scope and magnitude of that problem must be
better understood and solutions developed that are sensitive to
the successes the current system now achieves.


