FUNDING: This study was funded by Otsuka
America Pharmaceutical, Inc., Princeton, New
Jersey, USA; Otsuka Pharmaceutical
Development and Commercialization, Inc.,
Princeton, New Jersey, USA; and Lundbeck
LLC, Copenhagen, Denmark. Editorial support
for the preparation of this manuscript was
funded by Otsuka America Pharmaceutical,
Inc. and Lundbeck LLC.

FINANCIAL DISCLOSURES: Dr. MacEwan and
Ms. van Eijndhoven are employees of
Precision Health Economics, a healthcare
consulting firm that has received consultancy
fees from Otsuka America Pharmaceutical,
Inc.; Dr. Seabury is a consultant for and has
received personal fees from Precision Health
Economics; Ms. Aighogun, Mr. Kamat, and Dr.
Henderson are employees of Otsuka America
Pharmaceutical, Inc.; Dr. Francois is an
employee of Lundbeck LLC; and in the past 36
months, Dr. Citrome has engaged in
collaborative research with or received
consulting or speaking fees from the
following: Allergan (Actavis, Forest), Alexza,
Alkermes, AstraZeneca, Avanir, Bristol-Myers
Squibb, Eli Lilly, Forum, Genentech, Janssen,
Jazz, Lundbeck, Medivation, Merck, Mylan,
Novartis, Noven, Otsuka, Pfizer, Reckitt
Benckiser, Reviva, Shire, Sunovion, Takeda,
Teva, and Valeant and owns a small number of
shares of common stock in Bristol-Myers
Squibb, Eli Lilly, Johnson & Johnson, Merck,
and Pfizer.

ADDRESS CORRESPONDENCE TO:

Myrlene Sanon Aigbogun, Otsuka America
Pharmaceutical, 508 Carnegie Center, Princeton,
NJ 08540; E-mail: myrlene.sanon@otsuka-
us.com

KEY WORDS: Mental disorders, schizophrenia,
bipolar disorder, major depressive disorder,
pharmaceutical innovation, disease burden,
research and development, expenditures

ORIGINAL RESEARCH

Pharmaceutical
Innovation in the
Treatment of
Schizophrenia and
Mental Disorders
Compared with Other

Diseases

by JOANNA P. MacEWAN, PhD; SETH SEABURY, PhD;

MYRLENE SANON AIGBOGUN, MPH; SIDDHESH KAMAT, MS, MBA;
EMMA van EIJNDHOVEN, MS, MA; CLEMENT FRANCOIS, PhD;

CRYSTAL HENDERSON, PharmD, BCPP; and LESLIE CITROME, MD, MPH
Dr. MacEwan and Ms. van Eijndhoven are with Precision Health Economics in Los Angeles,
California, USA; Dr. Seabury is with the University of Southern California, Los Angeles,
California, USA; Ms. Aigbogun, Mr. Kamat, and Dr. Henderson are with Otsuka America
Pharmaceutical, Inc. in Princeton, New Jersey, USA; Dr. Francois is with Lundbeck LLC in
Deerfield, Illinois, USA; and Dr. Citrome is with the New York Medical College, Valhalla, New

York, USA.

Innov Clin Neurosci. 2016;13(7-8):17-25

ABSTRACT

Objectives: The objectives of this
study were to assess the level of
private and public investment in
research and development of
treatments for schizophrenia and
other mental disorders compared to
other diseases in order to present
data on the economic burden and
pharmaceutical innovation by disease
area, and to compare the level of
investment relative to burden across
different diseases.

Design: The levels of investment
and pharmaceutical innovation

relative to burden across different
diseases were assessed. Disease
burden and prevalence for mental
disorders (schizophrenia, bipolar
disorder, and major depressive
disorder); cancer; rheumatoid
arthritis; chronic obstructive
pulmonary disorder; diabetes;
cardiovascular disease; and
neurological disorders (dementia and
epilepsy) were estimated from
literature sources.

Setting: Pharmaceutical
treatment innovation was measured
by the total number of drug launches
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and the number of drugs launched
categorized by innovativeness.
Research and development
expenditures were estimated using
published information on annual
public and domestic private research
and development expenditures by
disease area. Lastly, investment
relative to disease burden was
measured among the set of disease
classes for which all three measures
were available: schizophrenia, bipolar
disorder, major depressive disorder,
cancer, rheumatoid arthritis, chronic
obstructive pulmonary disease,
diabetes, cardiovascular disease, and
neurology (dementia and epilepsy
combined).

Results: The level of investment
and pharmaceutical innovation in
mental disorders was comparatively
low, especially relative to the burden
of disease. For mental disorders,
investment was $3.1 per $1,000
burden invested in research and
development for schizophrenia, $1.8
for major depressive disorder, and
$0.4 for bipolar disorder relative to
cancer ($75.5), chronic obstructive
pulmonary disease ($9.4), diabetes
($7.6), cardiovascular disease ($6.3),
or rtheumatoid arthritis ($5.3).
Pharmaceutical innovation was also
low for mental disorders.

Conclusion: Despite the
significant burden mental disorders
impose on society, investment and
pharmaceutical innovation in this
disease area remains comparatively
low. Policymakers should consider
new strategies to stimulate public
and private investment in the
research and development of novel
and effective therapies to treat
schizophrenia and other mental
disorders.

INTRODUCTION

Over the last two decades, there
have been remarkable breakthroughs
in healthcare. These breakthroughs
include the development of novel
pharmaceutical treatments that have
significantly improved outcomes for
patients suffering from various
medical conditions. For example, the
development of a highly effective

antiretroviral therapy has
dramatically increased survival
among patients with human
immunodeficiency virus/acquired
immune deficiency syndrome
(HIV/AIDS), changing the disorder
from a fatal illness with a very poor
prognosis to a chronic and
manageable condition.’ Similarly, the
development of cholesterol-lowering
medications has led to population-
wide reductions in mortality from
cardiovascular disease, and tyrosine-
kinase inhibitors have changed the
landscape for the treatment of
chronic myeloid leukemia.*?
However, despite these successes,
there are many serious chronic
conditions where the pace of
pharmaceutical innovation has been
considerably slower. The relationship
between pharmaceutical investment
in research and development (R&D),
treatment innovation, and the
burden of disease is largely
unknown.

One area where the pace of
innovation appears to have been
particularly slow is in the
development of treatments for
schizophrenia and other mental
disorders. The pharmacological
standard of care of schizophrenia
since the mid-1950s has been the use
of antipsychotic medications. These
medications have evolved with the
development of first-line second-
generation antipsychotics (atypical
antipsychotics) introduced in the
1990s, but have otherwise remained
mostly unchanged. This is at least
partly due to the lack of new
breakthrough therapies to treat
mental disorders, a term used here
to represent schizophrenia, bipolar
disorder (BPD), and major
depressive disorder (MDD). There
are many basic challenges to
companies seeking to develop new
therapies to treat mental disorders
that could explain a comparative lack
of innovation, including the
complexity of the human brain and
the relative inadequacy of animal
models, as well as budgetary
constraints faced by state Medicaid
programs, one of the dominant
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payers for patients with mental
disorders.*”

While there may be reasons for
the relative lack of innovation in
treatments for mental disorders, it is
of great potential concern because
there is significant need for mental
health care in the United States.**
All else equal, diseases from which
more patients suffer or that impose a
greater burden should receive more
investment in research, because the
social returns from alleviating the
burden would be greatest. However,
in the case of public spending, others
have noted wide disparities in the
relationship between investments in
R&D and disease burden. Moses et
al! compared the allocation of
Federal research dollars across 27
disease states and found significant
differences in National Institutes of
Health (NIH) disease-specific
research funding for diseases with
similar disability-adjusted life years
(DALY). For instance, schizophrenia
and sexually transmitted diseases
(excluding HIV) receive similar
amounts of NIH research funding,
$286 million and $275 million (US$),
respectively, despite schizophrenia
causing a significantly higher number
of DALYs (835 vs. 50 for sexual
transmitted diseases). Schizophrenia
also has a significantly higher
number of DALYs than dental and
oral disease (565), but receives
approximately half the NIH funding
compared to dental and oral disease
($516 million). However, it is unclear
whether private investment in the
development of new pharmaceutical
treatments follows the same path as
public investment, and how this
investment varies across diseases.

This study compares the level of
private and public investments to
develop new treatment options for
schizophrenia and other mental
disorders to that of other diseases.
We also compare economic burden,
pharmaceutical innovation, and the
ratio of investment to burden across
the different disease states. This
analysis helps assess whether
investments in R&D for the
treatment of mental disorders are



proportional to the cost of the
diseases and identifies areas that
may need additional efforts to
promote new innovations.

METHODS

To assess the level of investment
and pharmaceutical innovation
relative to burden across different
diseases, data were combined from
multiple sources on 1) estimates of
disease burden and prevalence, 2)
pharmaceutical treatment innovation
(as measured by the total number of
drug launches and the number of
drugs launched categorized by
innovativeness), and 3) R&D
expenditures (public and private).

Disease burden and
prevalence. To benchmark
investment in mental disorders
compared to other diseases, diseases
were selected for which burden
estimates were available and for
which reliable disease-specific rates
of R&D expenditures could be
constructed.

All measures were collected
separately for the following disease
states: schizophrenia, BPD, MDD,
cancer, rheumatoid arthritis (RA),
chronic obstructive pulmonary
disorder (COPD), diabetes,
cardiovascular disease (CVD), and
neurological disorders (dementia and
epilepsy). Targeted searches in
PubMed and Google Scholar were
conducted to collect estimates for
burden and prevalence by disease.
Annual direct and indirect cost
estimates were used to measure
disease burden. To the extent
possible, data were gathered based
on comparable populations and in
comparable time frames. The dollar
values were inflated from their
source year to 2014 dollars using the
United States Bureau of Labor
Statistics Consumer Price Index for
all urban consumers."” It is common
for disease burden estimates to
approximate incremental medical
costs that include both the direct
costs associated with the disease as
well as any comorbidities that are
commonly associated with the
disease (e.g., part of the burden of

diabetes are the cardiovascular
sequelae). Thus the burden
estimates per disease class are not
necessarily restricted to within that
disease class, as in many cases the
costs of certain diseases include the
cost of the disease’s comorbidities.
This may lead to double counting
when summing the cost of different
diseases based on these burden
estimates.

Pharmaceutical innovation. For
pharmaceutical innovation, two
measures of innovation were used: 1)
the number of total drug launches
between 1987 and 2014, and 2) the
number of drug launches between
1987 and 2014 categorized according
to their innovativeness. Both
measures used the drug
launches/approvals drawn from
previous research conducted by
Lanthier et al.”® For 2012-2014, this
list was updated using the United
States Food and Drug Administration
(FDA) Annual New Drugs Summary
reports.’* ' Drugs were categorized
according to their innovativeness
using the classification system
provided by Lanthier et al.”® The
categories were as follows: 1) first-
in-class, 2) advance-in-class, and 3)
addition-to-class. First-in-class drugs
are drugs that are the first treatment
for a certain disease area, advance-
in-class drugs are drugs that have
substantial advantages over current
drugs in a particular class, and
addition-to-class are drug launches
that are neither first-in-class nor
advance-in-class drugs. The
assignment of drugs to one of these
categories is based on drug class,
date of approval, and whether the
drug was under priority review
(priority review to determine
advance-in-class or addition-to-
class).” To separate the new
products into different disease
states, the new drugs were linked to
the Medi-Span® data, a proprietary
drug database that includes
information on therapeutic areas and
diseases.'” Using this information,
each drug in the list of drug launches
was aggregated and the cumulative
number of drug launches within a

disease area was counted, with some
medications having multiple
indications.

R&D expenditures. R&D
expenditures were estimated using
published information on annual
public and domestic private R&D
expenditures by disease area from
the Pharmaceutical Research and
Manufacturers of America (PhRMA)
2014 biopharmaceutical research
industry profile report (reporting all
expenditures for 2014, regardless of
approval), various disease area
specific PhnRMA Medicines in
Development reports, and the NIH
almanac as measures of investment
in innovation.'®* PhRMA represents
leading innovative biopharmaceutical
research and discovery companies in
the United States and conducts
effective advocacy for public policies
that encourage discovery of new
medicines by pharmaceutical and
biotechnical research companies.
PhRMA produces reports and white
papers on the biopharmaceutical
industry as well as fact sheets on the
latest innovation and
biopharmaceutical industry updates.

Investment/burden analysis.
Investment relative to disease
burden was measured among the set
of disease classes for which all three
measures were available:
schizophrenia, BPD, MDD, cancer,
RA, COPD, diabetes, CVD, and
neurology (dementia and epilepsy
combined). Measures of innovation
are cumulative while those of
investment and burden are annual
estimates based on the most recent
data available. Both investment and
economic burden estimates by
disease were collected in order to be
able to report investment per $1,000
of economic burden (2014 US$).
Pharmaceutical innovation as an
extension of investment was also
compared to disease burden.

RESULTS

The disease burden estimates and
prevalence counts are summarized
in Table 1.*% The three diseases
with the highest societal disease
burden in 2014 were CVD ($488.4
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TABLE 1. Prevalence and burden estimates by disease area

DIRECT | INDIRECT BL%TDAELN BURDEN
PREVALENCE ESTIMATE OF | ESTIMATE PREVALENCE | BURDEN
B viLions) | YEAR | “BurDEN | oF BuRDEN | YEAR (EBs"T_'L"f(‘)‘;g ':E&TJ'SE:)T SOURCES™ | SOURCES®
(BILLIONS) | (BILLIONS) T
Mental disorder
Schizophrenia 34 2013 | 384 1173 |2013| 1582 46,537 44,45 46
BPD 8.1 2013 | 307 1203 | 2000| 1666 20,571 44,47 48,49
MDD 154 |2010| 989 117 |2012| 2170 14100 50 50
Neurology 46,928
Dementia 52 |2014| 109 187 |2010| 3214 61,806 51 52
Epilepsy 21 2005 | 134 41 |2005| 212 10.101 53 53,54
Immunology
RA 13 2005 | 84 308 |2005| 475 36,551 55 56
Respiratory
COPD 147 |2011| 321 39 |2010| 391 2659 57 58
Diabetes 20 |2012| 176 69 |2012| 2506 12,030 59 59
oD 1141 |2010| 2725 1717 | 2008| 4884 4281 60,61 60
Cancer 866  |2009| 1246 1300 | 2009| 2809 3192 62 63

* . . . . .
Numbers in Sources columns refer to the reference numbers found in the References section of this article.

BPD: bipolar disorder; COPD: chronic obstructive pulmonary disorder; CVD: cardiovascular disease; MDD: major depressive disorder;

RA: rheumatoid arthritis

billion), dementia ($321.4 billion)
and cancer ($280.9 billion) (all
estimates in 2014 US$). The total
burden estimates were driven in
part by disease prevalence. On a
per-patient basis, the three diseases
with the highest disease burden
were dementia ($61,806 per
patient), RA ($36,551), and
schizophrenia ($46,537). Both
schizophrenia and BPD had a
considerably higher estimated
indirect than direct disease burden
(Columns 4 and 5 of Table 1),
reflecting the relatively early age of
onset and comparatively high
impact of mental disorders on
productivity. It is noteworthy that
while the per-patient burden of
cancer was relatively low, this is
primarily because the burden
estimates did not incorporate the

value of the life-years lost
associated with terminal illness.
Pharmaceutical innovation is
presented in Figure 1, which
displays the number of FDA
approved drugs between 1987 and
2014, both in total and for first-in-
class or advance-in-class drugs. Of
the nine disease areas, the most
new drugs were approved for cancer
(111 total new drugs), while
schizophrenia had 10 new drug
approvals. In addition to having the
most new drugs, cancer also had the
most drugs that were first- or
advance-in-class at 90 (81% of all
new approvals), while schizophrenia
had one first-in-class (clozapine in
1989) and two advance-in-class
(risperidone in 1993—the first first-
line, second-generation
antipsychotic—and aripiprazole in
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2002—the first dopamine partial
agonist) making up just 30 percent
of new schizophrenia drugs. Of note,
the assessment did not consider
new formulations of approved drugs,
which would include risperidone
long-acting injectable (the first
second-generation antipsychotic
available as a long-acting
injectable), ziprasidone short-acting
injectable (the first second-
generation antipsychotic available as
a short-acting injectable and
approved for the treatment of
agitation associated with
schizophrenia), and inhaled
loxapine (the first inhaled
antipsychotic approved for agitation
associated with schizophrenia or
bipolar mania). Nor does it reflect
the three-month formulation of
paliperidone palmitate (the first 3-



month, long-acting antipsychotic
formulation) or olanzapine-
fluoxetine combination (the first
agent approved for bipolar
depression). Additionally, this
assessment did not evaluate all
drugs in development as it did not
include failed drugs, the
implications of which are discussed
further.

Private R&D expenditures in
pharmaceutical products and federal
appropriations for biomedical
research by disease area are
presented in Table 2. Note that
because of differences in the data, the
disease areas were not perfectly
aligned. Also, the federal
appropriations included both research
and other spending, whereas the
private R&D estimates were solely for
pharmaceutical products. Despite
this, there were some noteworthy
differences between public and
private investment. The most striking
difference was the large disparity
between public and private
investment in cancer research. While
cancer accounted for the largest
share of both public and private
research, the private investments
were highly skewed; 72.6 percent
(=$20.87/28.73) of private R&D
expenditures were devoted to cancer
compared to 25 percent of public
appropriations (Table 2). It is not
surprising that cancer accounted for
the highest portion of private
investment, as these results parallel
the results observed for
pharmaceutical innovation.

In terms of mental health,
schizophrenia accounted for 1.7
percent of private research
investment and mental disorders
overall accounted for a total of 3.3
percent. Mental health accounted for
7.3 percent of Federal appropriations,
while mental health combined with
substance abuse and drug addiction
(both highly comorbid with mental
disorders) combined accounted for
14.7 percent.®* However, if cancer
spending was excluded, the disparity
was less pronounced. As a percent of
non-cancer, private R&D
expenditures, schizophrenia
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FIGURE 1. Cumulative number of new drug approvals® by disease area, 1987-2014

“Drugs included for MDD are fluoxetine (first-in-class), sertraline, mirtazapine, olanzapine-
fluoxetine combination, quetiapine, citalopram, aripiprazole (advance-in-class), duloxetine,
desvenlafaxine, vilazodone, vortioxetine; those for schizophrenia are clozapine (first-in-
class), risperidone (advance-in-class), olanzapine, quetiapine, ziprasidone, aripiprazole
(advance-in-class), paliperidone, iloperidone, asenapine, lurasidone; and for BPD risperidone
(advance-in-class), lamotrigine (advance-in-class), olanzapine (olanzapine-fluoxetine
combination for bipolar depression), quetipiane, ziprasidone, aripiprazole (advance-in-class),
asenapine, lurasidone. Attributes for defining drug class are listed in the methods section.

BPD: bipolar disorder; COPD: chronic obstructive pulmonary disorder; CVD: cardiovascular
disease; MDD: major depressive disorder; RA: rheumatoid arthritis

accounted for 6.2 percent and mental
disorders accounted for a total of 12.2
percent. In comparison, mental health
accounted for 9.7 percent of non-
cancer Federal appropriations.

Figure 2 presents the total
investment in private R&D
expenditures for pharmaceuticals per
$1,000 of disease burden. Compared
with cancer, neurology, RA, COPD,
and mental disorders (schizophrenia,
MDD, and BPD) received less

imvestment per $1,000 disease burden.

There was $3.1 per $1,000 burden
invested in R&D for schizophrenia,
$1.8 for MDD and $0.4 for BPD. The
relative investment in schizophrenia
and other mental disorders is low
compared to cancer ($75.5), COPD
($9.4), diabetes ($7.6), CVD ($6.3) or
RA ($5.3). Although all diseases were
low compared to cancer ($75.5),
mental disorders were also low
compared to other diseases.

The results observed with private
investment (Table 2) parallel those
observed with pharmaceutical
innovation (Figure 1), and
pharmaceutical innovation is not
possible without investment.
Therefore, a comparison of
pharmaceutical innovation and
disease burden can also be made. It
follows from the above results that
the relative pharmaceutical innovation
in schizophrenia, MDD, and BPD
relative to disease burden is also low
compared to the other diseases listed.

DISCUSSION

The rates of pharmaceutical
innovation as measured by new drug
approvals and pharmaceutical R&D
expenditures relative to disease
burden for schizophrenia, BPD, and
MDD were compared to those in six
other disease states. In general, the
level of investment and
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TABLE 2. Public and private investments in
research by disease area

PRIVATE PHARMACEUTICAL R&D

EXPENDITURES
EXPENDITURE
DISEASE AREA (BILLIONS
2014 US$)
Bipolar 0.07
MDD 0.40
COPD 0.37
RA 0.37
Schizophrenia 0.49
Neurology 1.19
Diabetes 1.91
CVD 3.06
Cancer 20.87
Total’ 28.73

[
FEDERAL APPROPRIATIONS FOR

BIOMEDICAL RESEARCH
2014 APPROPRIATION
APPROPRIATION (BILLIONS,
(BILLIONS) 2014 USS)

Alcoholl abuse and 0.44
alcoholism
Drug abuse 1.00
Aging 1.05
Mental health 1.40
Neurological 154
disorders and stroke :
DDKD 1.85
Heart, lung, and blood 2.92
A_Ilergy and infectious 496
disease
Cancer 4.81
Total® 19.25

Based on author’s calculations and
various PhRMA reports'®#

Total across these nine disease areas
only

BPD: bipolar disorder; COPD: chronic

obstructive pulmonary disorder; CVD:
cardiovascular disease; DDKD: diabetes,
digestive, and kidney diseases; MDD: major
depressive disorder; RA: rheumatoid
arthritis

pharmaceutical innovation in mental
disorders was relatively low,
especially compared with the burden
of disease. By far, the biggest share
of private investment, both overall
and per unit of disease burden, was
dedicated to cancer, which is
expected due to the high societal
value on reducing mortality risk. But
even excluding cancer from the
assessment, we found that the lowest
levels of investment per dollar of
disease burden across all diseases
were dedicated to mental disorders.
While we did find that the relative
innovation did appear higher in
mental disorders when we examined
the total number of drugs that have
gone through Phase 2 and Phase 3
clinical trials, many of these
treatments (e.g., pomaglumetad,
dihydrexine, bitopertin, MP-10, TC-
5619) never make it out of clinical
trials and into commercial use.”

The relatively low private
investment in mental disorders is
perhaps understandable given the
many challenges of developing
treatments for mental disorders and
central nervous system (CNS)
disorders in general. The estimated
success rate or percentage of the
drugs that enter into clinical trials
that receive market approval is 6.2
percent for CNS drugs, less than half
the average success rate of non-CNS
drugs (13.1%).° In addition, it takes
an average of 8.8 years for a CNS
drug to go through development and
approval, compared to 7.7 years for
anti-infective, 6.9 years for CVD
drugs, and 5.8 years for AIDS
antivirals.” There are many reasons
for the lower success rate and higher
drug development time of CNS drugs,
including scientific challenges of lack
of effective animal models,
insufficient biomarkers to guide
treatment decisions, and designs and
psychiatric rating systems of clinical
trials,** as well as comparatively
high side-effect risk and significant
heterogeneity in treatment
response.**

Drug development for mental
disorders may face additional
challenges beyond these scientific
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issues that could further discourage
investment. Patients with mental
disorders are disproportionately more
likely to receive their healthcare
coverage from Medicaid.”® However,
the financial challenges facing state
Medicaid programs have pushed the
implementation of restrictive
formulary practices to deter the use
of newer brand products and
promote the use of less expensive
generic alternatives.” In the wake of
the recent financial crisis, Medicaid
reimbursements for mental disorder
drug treatments also decreased.®” In
addition to potentially worsening
outcomes for Medicaid
beneficiaries,** reducing utilization
of and limiting reimbursements for
newer, more innovative treatments
could further reduce the incentive to
develop innovative treatments for
mental disorders.

These reported findings raise
important questions about whether
sufficient public and private
investments are being made in
developing treatments for
schizophrenia and other mental
disorders. The per-patient costs of
mental disorders are extremely high.
Failure to properly treat and control
these diseases can impose significant
external costs on families and
caregivers. Additionally, the
association with an increased
likelihood of engaging in criminal and
possible violent behavior further
increases external costs associated
with mental disorders.* Despite the
need for improved treatment
outcomes, the investment and
pharmaceutical innovation trend for
mental disorders appears to be
meager, with fewer companies
investing in drug development for
mental health.* The findings here
suggest the need to consider
additional efforts to stimulate public
and private R&D investment in
mental disorder treatment that may
lead to innovation to develop
different, safe, and effective
treatments for patients with mental
disorders.

If the current level of investment
is insufficient to meet the demand



for new treatment options for
patients with mental disorders, some
additional steps may be needed to
spur further efforts. Some
suggestions for additional efforts to
increase new treatment investment
for mental disorders have been put
forth in the response to the policy
initiate on the 21 Century Cures Act
from the National Alliance on Mental
MlIness (NAMI).* NAMI supported
efforts to move beyond current
palliative treatments and translate
basic research findings on brain
function for treatments for mental
disorders, as well as supported the
current Brain Research through
Advancing Innovative
Neurotechnologies Initiative and
small trials focused on proof-of-
concept experimental medicine
paradigms.* More generally,
policymakers should consider
whether current policies and
priorities provide sufficient support
and incentives to invest in new
treatment options for patients with
mental disorders.

Limitations. Our study has
several limitations. Data limitations
precluded a comprehensive analysis
inclusive of all disease areas.
Additionally, for the disease classes
for which all three measures
(burden, investment, and innovation)
were available, the estimates were
necessarily extracted from various
sources in the literature. Often these
sources used different methods for
measuring direct and indirect
economic burden and covered
different and sometimes overlapping
study populations. As noted above,
one important limitation of the
burden estimates is the fact that they
do not incorporate the value of life-
years lost when the illness is
terminal. This is particularly relevant
for interpreting the findings with
respect to cancer. Thus, while R&D
expenditures are high for cancer
compared to the disease burden, this
does not necessarily imply that there
is an “over-investing” in cancer, as
the high allocation of research
dollars to cancer could reflect other
societal values and preferences (e.g.,

Cancer $75.5
COPD $9.4
RA $7.9
Diabetes $7.6
CVD $6.3
Neurology $3.5
Schizophrenia $3.1
MDD $1.8
Bipolar $0.4
1 T T T T T T T 1
$0.0 $10.0 $20.0 $30.0 $40.0 $50.0 $60.0 $70.0 $80.0
Investment per $1,000 of econonmic burden (2014$)

society might place a comparatively
high value on reducing mortality risk
vs. reducing disability or morbidity
risk). Our study does not inform as
to the optimal level of R&D
investment for any given disease
state, but it does highlight potential
discrepancies between the level of
burden and the level of investment.
Another limitation was that the
measures of public and private
investment (NIH appropriations)
were not directly comparable as 1)
NIH appropriation are for specific
institutes that may cover multiple
disease areas, 2) more than one
institute may do research on one
disease, 3) NIH appropriations
include non-R&D expenditures, and
4) the NIH appropriations cover
biomedical research overall, not just
pharmaceutical research. Lastly, time
series of private R&D expenditures
or burden by disease area was not
available, so the impact of time
trends in investment or innovation
on current burden estimates or
investment decisions is unknown.

CONCLUSION

In conclusion, mental disorders
impose a considerable burden on the

United States healthcare system,
patients and their families, and society
at large. The development of
innovative treatments for mental
disorders requires significant time and
financial investments in R&D. Despite
the substantial burden mental
disorders impose on society,
investment and pharmaceutical
innovation in this disease area remains
comparatively low. Relative to other
disease areas, mental disorders have
received a disproportionately low
share of R&D investment and
experienced a disproportionately low
share of high-impact pharmaceutical
innovation. Policymakers should
consider new strategies to stimulate
public and private investment in R&D
for novel and effective therapies to
treat schizophrenia and other mental
disorders.
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