PERSPECTIVE

Precision Dosing: An Industry

Perspective

Richard W. Peck™*

Drug development usually delivers a single recommended dose
level providing good efficacy relative to safety for the patient
population. This is sufficient for health authority approval and
simple to use. But advances in technology are making it easier to
tailor dosing for each patient to overcome the response variability
inevitable with fixed doses. Changing patient, prescriber, and
payer expectations will require this. Drug developers must change
their approach to deliver precision dosing for new medicines.

Precision dosing is individually tailoring
the dose of a drug to ensure the greatest ben-
efit and least risk for each patient. With the
exception of the accepted requirement to
adjust doses for well-recognized factors such
as age, cthnicity, organ failure, or the use of
interacting drugs, most drugs today are not
developed for precision dosing but with the
intent to identify a single dose level that will
be used in all patients. Such a “one dose fits
all” approach has served drug development
and medicine well for many decades with
the benefits of simplicity of development,
manufacturing, and clinical use. It is an ef-
fective way to develop and use drugs with
relatively wide therapeutic windows because
response variability is overcome by giving
all patients doses that are higher than many
might need but that are still well tolerated
(Figure 1a). At the other extreme there are
some drugs, for example insulin, warfarin,
and anaesthesia, for which there is no single
dose level that will provide acceptable effi-
cacy and safety for all. There is a therapeutic
window for each patient, but it is narrow

compared with the variability between pa-
tients, such that, for the whole population,
there is no therapeutic window (Figure 1b).
In such cases precision dosing is the only way
to ensure safe use of these effective drugs.
Precision dosing adds some complexity
and costs to clinical use with a requirement
for additional tests, the need to interpret the
tests, and additional clinic visits for moni-
toring and dose adjustment. For drug devel-
opers this raises concerns about commercial
attractiveness, despite the increased benefit
to patients and the growing number of exam-
ples where precision dosing has been shown
to be cost-effective despite the additional
costs.! Perhaps an even more important rea-
son why most drugs are not developed to
support precision dosing is that there is no
requirement to do so. If an acceptable level
of efficacy and safety can be shown with a
single population-level dose, then health
authorities will grant approval, so why do
anything more? Precision dosing is only con-
sidered in situations where it is impossible to
identify a single dose level that is adequately

safe and effective in all patients. Even then,
many drug developers would decide instead
to stop development of that molecule and
develop one with different properties that
make it more likely there will be a single pop-
ulation dose level with adequate safety and
efficacy. Only if the need for precision dos-
ing is intrinsic to the drug class, and the ben-
efits of that class are thought large enough,
will continued development using precision
dosing be considered.

In determining the need or opportunity
for precision dosing, the critical factors are
the size of the individual therapeutic win-
dow compared with the variability between
patients and the consequences of using
a suboptimal dose. There are not simply
two groups of drugs with ecither a wide or
no population level therapeutic window;
instead there is a continuum from drugs
for which one-size-fits-all dosing is feasible
to those where it is impossible. Towards
the “impossible” end of the continuum
are drugs where it is possible to identify a
single dose level with acceptable efficacy
and safety but for which an individualized
precision dosing approach would deliver
significantly greater efficacy and/or safety,
albeit at the cost of some added complex-
ity (Figure 1c). An clegant mathemati-
cal approach to describe this uses utility
functions to demonstrate the variation of
optimal individual doses compared with
the optimal population dose.” Today such
drugs are still developed using the famil-
iar one-dose-for-all approach that meets
health authority needs. They remain sepa-
rated in our minds from the small group of
drugs where precision dosing is an absolute
requirement. The questions for drug devel-
opers are is this the right thing to do and
will the dividing line change in future use?

It is becoming easier and therefore more
necessary to consider precision dosing in the
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Figure 1 The relationship of individual and population therapeutic windows for drugs with (a) a wide population-level therapeutic window,

(b) no population-level therapeutic window, and (¢) a narrow population-level therapeutic window. In each panel the therapeutic windows

for 10 representative patients on the x-axis are illustrated with minimum effective dose (green bar), maximum tolerated dose (red bar), the
population therapeutic window (gray box), and a population dose (blue line). There is no population dose or therapeutic window in b. In ¢ even
the narrow dose window considered acceptable for the whole population is below the minimum effective dose or above the maximum tolerated

dose for some patients.

future for drugs that today are developed, ap-
proved, and used as one dose for all.! From
the industry perspective it is important to
note that prescribers and payers are explor-
ing ways to reduce drug expenditure by indi-
vidualized dosing, which should encourage
a better understanding of dosing at the time
of approval and pricing. The growth of out-
comes-based pricing will further encourage
understanding of dose individualization.
Precision dosing will increase efficacy and/
or decrease unacceptable adverse events and
thereby improve development success rates
and competitiveness in clinical use. Precision
dosing is already included successfully in
some clinical development today. Seventeen
percent of drugs approved by the US Food
and Drug Administration (FDA) between
2013 and 2017 have a response-guided dose
titration component in their label. In almost
all of these cases the pivotal trials included
the precision dosing approach or multiple
separate dose levels from which a subse-
quent dose titration could be dcveloped.3
Omalizumab was developed with a dosing
algorithm taking account of disease vari-
ability, specifically immunoglobulin E con-
centration,4 and replacement therapies for
immunoglobulin5 or factor VIII protein /
von Willebrand factor proteiné included rel-
atively complex precision dosing algorithms
in at least one pivotal trial.

Precision dosing will not be required for
all drugs; however, there are several catego-
ries where it should be considered. Firstly,
drugs with a narrow therapeutic window
offer significant opportunity for improved
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utility with precision dosing, especially
when adverse effects are due to excessive
pharmacology. Drugs for diseases with
serious or irreversible consequences of un-
dertreatment, for example progression of a
cancer or neurodegeneration, or those with
serious or irreversible adverse effects from
too high a dose should also be considered.
Drugs with invasive routes of administra-
tion, including intravitreal or intrathecal,
represent additional opportunities where
increasing the interval between injections
in suitable patients, without risking treat-
ment failure, will have high patient and
healthcare system benefit. Treatments for
serious, rare diseases are also good oppor-
tunities; patients and caregivers are highly
knowledgeable about the disease and moti-
vated to ensure effective treatment.

Ideally precision dosing should be in-
cluded in the pivotal preapproval trials
(Figure 2). Analogous to the development
and use of a companion diagnostic, this will
validate the algorithm. Clinical decision
support tools delivering the algorithm at
the point of care will need to be approved.
The recently released guideline on software
as a medical device’ provides a framework
to enable this. Potential precision dosing
algorithms need to be developed before
or during exploratory (phase I and II) de-
velopment. Population pharmacokinetic/
pharmacodynamic (PKPD) modeling will
be an effective way to identify some of the
important covariates of response variability,
especially when plasma drug concentration
is a useful predictor of effects. In such cases

plasma concentration would be the bio-
marker to include to guide dose adjustment
over time after the model has estimated the
best starting dose for that patient. In other
cases, perhaps the majority, biomarkers of
drug effect will be required; insulin doses
are guided by glucose and HbAlc, rather
than insulin concentration. For drugs with
rapid effects, clinical response can be used
to guide dosing, but, for drugs with delayed
responses, identifying suitable biomarkers
will be more challenging. At a minimum, a
marker of pharmacological effect or disease
activity should be included in the early trials
even if there are no established biomarkers
of clinical outcome. Effective Population
PKPD models must take account of covari-
ates of disease variability in addition to the
usual covariates of variability that tend to be
chosen for potential impact on drug concen-
trations. Prior to pivotal trials, disease and
population PKPD models should be used to
simulate and compare phase III trial designs
of one-dose-for-all and individualized dos-
ing (of starting dose and titration to effect as
relevant) in virtual patients. The decision to
include individualized dosing in pivotal trials
will be based on these simulations. If the ben-
efit of individualized dosing is large enough,
then it should be included in the pivotal
trials. The precision dosing development
paradigm (Figure 2) may be more complex
and perhaps more resource demanding than
conventional development but should not be
longer, and the extra investment s justified by
the higher benefit of the drug to patients and

prescribers. Other practical considerations
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Figure 2 Decision tree and flow chart for implementation of a precision dosing paradigm in drug development. *When emerging data suggest
the need to switch from the current “one-dose-for-all” to precision dosing development the exact point of entry to the precision dosing
paradigm is dependent on the extent of prior clinical development and available data.

for precision dosin§ development have been
reviewed recently.”

Machine learning is generally considered
to require “bigdata” from thousands or even
hundreds of thousands of patients, much
larger data sets than available prior to piv-
otal trials. However, some machine learning
methods such as reinforcement learning9
and causal inference'® offer the potential
to identify precision dosing strategies from
smaller data sets. Used alone or combined
with population PKPD modeling, these
could be powerful techniques for identi-
fying precision dosing algorithms to study
in confirmatory trials. A wide dose range
should be studied in the exploratory clin-
ical trials and also a wide range of patients
in order to be representative of the whole

population who will take the drug and to
allow study of the potential range of re-
sponse. The usual reason to exclude patients
who may be subject to extreme responses is
no longer valid since their doses are adjusted
to minimize the risks. Health authorities
can play an important role to encourage
precision dosing, ultimately by changes in
legislation that require developers to iden-
tify how to obtain the maximal benefit:risk
from a new drug. More immediately, a
simple change of regulatory language such
as changing the statement “recommended
phase II or III dose” to “recommended
phase II or III dose range” would help pro-
mote the idea that there should not be one
dose for all and that greater dosing flexibil-
ity to improve response is encouraged.
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In conclusion, it is time to move away
from the current treatment paradigm of one
dose for all. Precision dosing-based develop-
ment will lead to higher clinical udility for
more and more drugs as advances in tech-
nology and data science make it increasingly
feasible to adjust both starting and on-treat-
ment doses to maximize the chances of indi-
vidual benefit. For many drugs the increased
benefit will outweigh the ever-smaller added
complexity and should become the expecta-
tion for how these drugs are developed. For
these drugs, it should no longer be accept-
able to use a one-dose-for-all approach to
their development just because we can.
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