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Drug discovery in renal disease
—towards a more efficient framework

Toshio Miyata, Tsuyoshi Ando, Hisami Hiragi, Kanako Watanabe,
Fumi Yamamoto, Douglas E. Vaughan, Tatsuo Kurokawa, Yoshiteru Oshima,
Charles van Ypersele de Strihou and Masahiro Takeuchi

Abstract | The time and cost involved in bringing new drugs to the market hamper
their approval. This problem is especially apparent in the case of renal diseases.
Efficient drug research requires an a priori understanding of disease pathophysiology,
target validation, rational and efficient drug discovery strategies and early testing

of the physiological and pharmacological effects of the new agent in humans. Drug
development initiated by academia benefits from international research networks
and relies on internationally acceptable high-quality nonclinical data packages and
bulk investigational drugs. Academics should, therefore, better understand
pharmaceutical practice regulations and novel, efficient drug-development strategies.
Many researchers remain unfamiliar with these areas and should collaborate with
regulatory authorities to discover and validate surrogate markers for use in drug
development, and to efficiently and effectively maximize the benefits and minimize the
adverse effects of new drugs. The Japanese government and regulatory authorities
have implemented a framework to encourage such collaborations; extension of this
framework beyond its current reach is envisaged.

Miyata, T. et al. Nat. Rev. Nephrol. 10, 290-296 (2014); published online 18 March 2014,

dei:10.1038/nrneph.2014.36

Introduction

The number of newly approved drugs con-
tinues to decrease over time'" as a result
of the attrition of tested novel molecules,
the increasing time needed to market new
agents and their potential clinical risks—
all of which entail rising costs. Moreover,
despite the large number of affected patients,
very few drugs have been developed to treat
kidney disease.* As of 22 January 2014, a
total of 4,726 trials (2,837 in North America
and 1,290 in Europe) of investigational new
drug applications were registered in the
ClinicalTrials.gov registry of federally and
privately supported clinical trials conducted
around the world.” However, only 13 of
these trials related to diabetic nephropathy,
amajor cause of CKD.

A lack of experimental animals that
mimic human kidney disease, as well as
the difficulty in extrapolating findings
from animals to humans, has hampered
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progress. Indeed, the development of bar-
doxolone methyl, an antioxidant inflam-
mation modulator that acts through
induction of the Keapl-Nrf2 pathway,®
perhaps illustrates this point best. The
BEACON placebo-controlled phase III
trial of bardoxolone methyl in patients with
type 2 diabetes mellitus and stage 4 chronic
kidney disease (CKD) was terminated early
due to serious cardiovascular events (that
is, heart failure) in the treatment group.’
Such events were not reported in preclini-
cal animal studies;® however, no perfect
animal model of human diabetic kidney
disease currently exists.” Analogues of bar-
doxolone methyl were shown to worsen dia-
betic nephropathy in a rat model of type 2
diabetic kidney disease, but the reported
adverse effect (liver dysfunction) has not
been observed in human trials. Innovation
in kidney disease therapies is further ham-
pered by a lack of validated surrogate end
points that can be used in clinical trials as
an alternative to well-accepted but difficult
to reach robust end points that require long

follow-up times, such as doubling of serum
creatinine levels or progression to end-stage
renal disease (ESRD).

The discovery and clinical development of
new drugs is a lengthy and very costly pro-
cess; an estimated 10-17 years and US$0.8-
1.7 billion are required to bring a therapeu-
tic agent to the market.">'° Several years are
needed before clinical studies are under-
taken in humans. Traditionally, early, phase [
clinical studies focus on the pharmaco-
logical characteristics of an agent in humans
(including pharmacokinetics and pharma-
codynamics), whereas efficacy in humans
is tested only in proof-of-concept phase IT
trials (Figure 1).

The main causes of drug attrition have
changed over time. In 1991, poor pharmaco-
kinetic properties were implicated in
approximately 40% of cases of drug attri-
tion but this decreased to <10% of cases
during the subsequent decade."!! Currently,
the main reason for drug attrition is a lack
of efficacy in humans. Attrition rates are,
therefore, highest (approximately 60%)
during phase II trials.’> To reduce the time
and costs involved in drug discovery and
approval, an a priori understanding of the
pathophysiology of the relevant disease,
target validation, rational and efficient drug
discovery, and early testing of the physio-
logical and pharmacological effects of the
agent in humans are required.

In this Review, we discuss the current
status of drug development, the remain-
ing challenges and the need for closer col-
laboration between academia, industry and
regulatory authorities. We also describe
the current Japanese framework that was
implemented to facilitate such collaboration.

Guidelines for drug development

The FDA has paid special attention to the
revision of drug development and regula-
tory processes' and has highlighted the
importance of translational research to
develop new concepts and tools to effici-
ently select drug candidates at an early
stage of clinical development.! In Europe,
the Committee for Medicinal Products for
Human Use has offered similar guidance
for exploratory early clinical studies,'* which
have no therapeutic intent, and are not
intended to examine clinical tolerability, but
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